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(95% CI 8·8–11·4) and diastolic, 4·5 mm Hg (3·9–5·1).
Active treatment reduced the total rate of stroke from 13·7
to 7·9 endpoints per 1000 patient-years (42% reduction;
p=0·003). Non-fatal stroke decreased by 44% (p=0·007). In
the active treatment group, all fatal and non-fatal cardiac
endpoints, including sudden death, declined by 26%
(p=0·03). Non-fatal cardiac endpoints decreased by 33%
(p=0·03) and all fatal and non-fatal cardiovascular endpoints
by 31% (p<0·001). Cardiovascular mortality was slightly
lower on active treatment (�27%, p=0·07), but all-cause
mortality was not influenced (�14%; p=0·22).

Interpretation Among elderly patients with isolated systolic
hypertension, antihypertensive drug treatment starting
with nitrendipine reduces the rate of cardiovascular
complications. Treatment of 1000 patients for 5 years with
this type of regimen may prevent 29 strokes or 53 major
cardiovascular endpoints.

Lancet 1997; 350: 757–64

Introduction
The prevalence of isolated systolic hypertension increases
with age. Among people aged 70 and older the prevalence
is 8%, and it rises to to more than 25% among those aged
80 years or older.1 In 1989, the European Working Party
on High Blood Pressure in the Elderly started a placebo-
controlled double-blind trial—Systolic Hypertension in
Europe (Syst-Eur).2 Active treatment was started with the
calcium-channel blocker nitrendipine,3 with the possible
addition of enalapril, hydrochlorothiazide, or both. In
1991, the Systolic Hypertension in the Elderly (SHEP)
trial showed that diuretic-based treatment prevented
stroke, myocardial infarction, and congestive heart failure.4

Because of the remaining uncertainties about the treatment
of isolated systolic hypertension in the elderly,5–9 the Syst-
Eur trial continued after the SHEP results were published.4

Furthermore, controversy about calcium-channel blockers
as first-line antihypertensive agents10–13 highlighted the lack
of evidence that these drugs reduce cardiovascular risk.

We report the morbidity and mortality results of the
Syst-Eur trial. We stopped the trial on Feb 14, 1997, after
the second interim analysis because we had reached the
primary endpoint of a significant benefit for stroke.2

Methods
The protocol of this trial2 was approved by the ethics committees
of the University of Leuven and the participating centres. We used
the principles outlined in the Helsinki declaration.14

Patients were recruited from 198 centres in 23 countries across
western and eastern Europe. Each centre kept a register of
screened patients. Eligible patients were at least 60 years old. On
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cardiovascular complications of isolated systolic
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with a diastolic blood pressure lower than 95 mm Hg. After
stratification for centre, sex, and previous cardiovascular
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nitrendipine 10–40 mg daily, with the possible addition of
enalapril 5–20 mg daily and hydrochlorothiazide 12·5–25·0
mg daily, or matching placebos. Patients withdrawing from
double-blind treatment were still followed up. We compared
occurrence of major endpoints by intention to treat.

Findings At a median of 2 years’ follow-up, sitting systolic
and diastolic blood pressures had fallen by 13 mm Hg and 2
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between-group differences were systolic 10·1 mm Hg
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masked placebo during the run-in phase, their sitting systolic
blood pressure ranged from 160 mm Hg to 219 mm Hg, their
sitting diastolic blood pressure was below 95 mm Hg, and their
standing systolic blood pressure was at least 140 mm Hg. All
patients consented to be enrolled, and were available for long-term
follow-up. We based the blood-pressure measurements for entry
on the averages of six sitting and six standing readings—two in
each position at three baseline visits, 1 month apart. Patients were
not eligible if systolic hypertension was secondary to a disorder
that needed specific medical or surgical treatment. Other exclusion
criteria were: retinal haemorrhage or papilloedema; congestive
heart failure; dissecting aortic aneurysm; a serum creatinine
concentration at presentation of 180 �mol/L or more; a history of
severe nose bleeds, stroke, or myocardial infarction in the year
before the study; dementia; substance abuse; any disorder
prohibiting a sitting or standing position; and any severe
concomitant cardiovascular or non-cardiovascular disease.

After stratification by centre, sex, and previous cardiovascular
complications, we randomly assigned eligible patients treatment
with active medication or placebo by means of a computerised
random function. Active treatment was started with nitrendipine
and, if necessary, this drug was combined with or replaced by
enalapril, hydrochlorothiazide, or both. We aimed to reduce the
sitting systolic blood pressure by at least 20 mm Hg to less than
150 mm Hg.2 We used tablets of 20 mg nitrendipine, 10 mg
enalapril, and 25 mg hydrochlorothiazide. The dosage steps for
nitrendipine were 10 mg in the evening, then 10 mg twice daily,
then 20 mg twice daily. For enalapril the dosage steps were 5 mg,
then 10 mg, then 20 mg in the evening, and for
hydrochlorothiazide, 12·5 mg, then 25 mg in the morning.
Placebo tablets were identical to the study drugs, with a similar
schedule. For intention-to-treat analysis we maintained open
follow-up of the patients who withdrew from treatment.2 During
treatment and supervised open follow-up, clinic visits were
scheduled every 3 months. For patients who withdrew from
treatment for whom regular follow-up was not possible, we
annually collected information on vital status, occurrence of major
endpoints and other events, and the use of antihypertensive
medications (non-supervised open follow-up). Patients without
any report within the year before the trial stopped were counted as
lost to follow-up.

Our original sample-size calculations assumed a rate of stroke in
the placebo group of 17·0 events per 1000 patient-years. 
15 000 patient-years (ie, 3000 patients with an average follow-up
of 5 years) were required to detect a 40% change in the overall
rate of stroke with a two-tailed significance of 1% and 90%
power.2 On Aug 18, 1995, the projected number of patients had
been recruited (figure 1). However, because in the early phase of
the study the stroke rate in the placebo group was only 13·6 events
per 1000 patient-years, the steering committee decided in January,
1996, to continue recruitment through 1996 or until at least 4000
patients had been randomly assigned treatment.

The main endpoints were death, stroke, retinal haemorrhage or
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exudates, myocardial infarction, congestive heart failure, dissecting
aortic aneurysm, and renal insufficiency. The endpoint committee,
which was unaware of the patients’ treatment status, identified all
major endpoints by reviewing the patients’ files and other source
documents, or by requesting detailed written information from the
investigators, or by both approaches. Endpoints were coded
according to the ninth (1975) revision of the International
Classification of Diseases.15

Stroke, our primary endpoint, was defined as a neurological
deficit with symptoms continuing for more than 24 h or leading to
death with no apparent cause other than vascular. Acute
myocardial infarction was defined as two of the following three
disorders: typical chest pain, electrocardiographic changes, or
increased cardiac enzymes.2 Myocardial infarction did not include
silent myocardial infarction. Congestive heart failure required the
presence of three disorders—symptoms, such as dyspnoea, clinical
signs, such as ankle oedema or crepitations, and the necessity of
treatment with diuretics, vasodilators, or antihypertensive drugs.
Sudden death included any death of unknown origin occurring
immediately or within 24 h of the onset of acute symptoms, as well
as unattended death for which no likely cause could be established
by necropsy or medical history. Cardiac events included fatal and
non-fatal heart failure, fatal and non-fatal myocardial infarction,
and sudden death. Renal insufficiency was diagnosed if at two
consecutive visits the serum creatinine concentration reached or
exceeded 360 �mol/L or doubled compared with the
concentration at randomisation.

All other events were checked at the coordinating office by
doctors who were unaware of the treatment-group status.
Transient ischaemic attack was defined as focal cerebral
dysfunction lasting for less than 24 h, did not lead to withdrawal
from double-blind treatment, and was not, therefore, an endpoint.2

Angina pectoris was diagnosed from chest pain, with or without
electrocardiographic signs of coronary ischaemia, the need for
coronary revascularisaton in the absence of acute myocardial
infarction, or the indication to start nitrates. Diseases of the large
(non-coronary) arteries were ICD-9 codes 433·0–433·9,
440·0–440·9, 442·0–442·9, 443·1, 443·9–444·9, and
447·0–447·9,15 and included surgical or angioplastic procedures on
these arteries, but not dissecting aortic aneurysm. Intercurrent
diseases were non-fatal non-cardiovascular disorders leading to
hospital admission or withdrawal of double-blind treatment or
supervised open follow-up. Bleeding disorders excluded cerebral
and retinal haemorrhage.

Uncontrolled hypertension was a sitting blood pressure of more
than 219 mm Hg systolic or 99 mm Hg diastolic at three
consecutive visits while the patients were on the maximum
tolerated treatment dose. In January, 1996, on the ethics
committee’s recommendation, the upper admissible sitting systolic
blood pressure at randomisation became 200 mm Hg, but the
maximum value during treatment remained 219 mm Hg.

Database management and statistical analysis were done with
SAS software, version 6.10. The data were entered in duplicate at
the coordinating office (Leuven, Belgium) with systematic quality
checks every 3 months. The data were analysed by intention to
treat with two-sided tests. We compared means and proportions
by standard normal z test and �2 analysis and survival curves by
Kaplan-Meier survival function estimates and the log-rank test.

We expected 250 strokes to occur within 5 years. We planned
interim analyses after every 50 strokes2 to test for beneficial or
adverse events occuring before the end of the trial. Asymmetrical
monitoring boundaries, drawn according to the O’Brien-Fleming
method,16 allowed us to stop the study for a beneficial effect of
active treatment on total stroke at 1% probability or for an adverse
effect on any major endpoint at 5%.2 At the second interim
analysis in February, 1997, we found a significant decrease in the
occurrence of stroke in the active-treatment group that, according
to the predefined stopping rules, led us to stop the trial early.

Results
Of 8926 screened patients 6403 (71·7%) were eligible for
enrolment in the run-in period (figure 2). 1708 patients
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Figure 1: Numbers of patients randomly assigned treatment
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were not included because of blood pressure values outside
the recruitment range (n=910 [53·4%]), withdrawal of
consent (n=439 [25·7%]), the presence or occurrence of
cardiovascular or non-cardiovascular illnesses, prohibiting
randomisation (n=202 [11·8%]), symptoms or treatment
with masked placebo (n=55 [3·2%]), on for
undocumented reasons (n=333 [19·5%]). 1262 (26·9%) of
randomised patients were recruited in Finland, 1044
(22·2%) in Bulgaria, 321 (6·8%) in the Russian
Federation, 273 (5·8%) in Belgium, 227 (4·8%) in Italy,
213 (4·5%) in Israel, 210 (4·5%) in the UK, 172 (3·7%) in
France, 161 (3·4%) in Estonia, 155 (3·3%) in Lithuania,
139 (3·0%) in Spain, 127 (2·7%) in Poland, and 102
(2·2%) in Romania. Fewer than 100 patients were enrolled
in each of Belorussia, the Czech Republic, Croatia,
Germany, Greece, Ireland, the Netherlands, Portugal,
Slovakia, and Slovenia.

At randomisation, patients in the placebo (n=2297) and
active-treatment (n=2398) groups were similar for
distribution of sex, age, blood pressure, pulse rate, body-
mass index, serum cholesterol, the use of tobacco and
alcohol, previous cardiovascular complications, and
antihypertensive treatment (table 1). Overall, 343 (7·3%)
patients (231 men and 112 women) smoked at
randomisation and 525 (11·2%) (393 men and 132
women), consumed at least one unit of alcohol per day.

In the two treatment groups combined, 1402 (29·9%)
patients had cardiovascular complications at
randomisation. 575 (41·0%) and 103 (7·3%) of these
patients had symptoms or signs suggestive of coronary
heart disease or cerebrovascular disease, respectively.
Electrocardiographic changes compatible with left-
ventricular hypertrophy were present in 614 patients
(43·8%). 110 (7·8%) patients had a combination of these
disorders or other vascular, retinal, or renal lesions. Only
58 (4·1%) of 1402 patients had a history of stroke and 163
(11·6%) a history of myocardial infarction.

Patients were recruited over 8 years and median follow-
up was 24 months (range 1–97, figure 1). The numbers of
patient-years in the placebo and active-treatment groups
were 5709 and 5995. Figure 2 shows the status of all
patients on Feb 14, 1997, when the trial was stopped.

The proportion of patients started on multiple-drug
treatment or proceeding to open follow-up increased faster
(p<0·001) in the placebo than in the active treatment

group (table 2). At 2 years, nitrendipine or placebo were
the only treatments given to 597 (58·9%) of 1014 and 343
(39·6%) of 866 patients, respectively, who stayed on
double-blind medication (table 2). Among the patients in
open follow-up at 2 years, 65 (36·5%) of 174 randomly
assigned active treatment, and 157 (58·1%) of 270 in the
placebo group were on antihypertensive drugs, and
treatment status with regard to hypertension was
undocumented in 88 (49·4%) and 81 (30·0%) patients,
respectively.

At 2 years, in the intention-to-treat analysis, the sitting
systolic and diastolic blood pressures had fallen by a mean
(SD) of 13 (17) mm Hg and 2 (8) mm Hg in the placebo
group, and by 23 (16) mm Hg and 7 (8) mm Hg in the
active treatment group (figure 3); standing systolic and
diastolic blood pressure had fallen by 10 (18) mm Hg and
2 (8) mm Hg, and 21 (17) mm Hg, and 7 (9) mm Hg,
respectively. At median follow-up, 21·4% of patients in the
placebo group and 43·5% in the active treatment group
had reached the target blood pressure (p<0·001). At 2
years, the changes in the sitting pulse rate were 0·3 (9·0)
beats per min (p=0·25) and 0·2 (8·9) beats per min
(p=0·54), respectively. We calculated the differences
between groups by subtracting the changes from baseline
in the placebo group from the corresponding changes in
the active-treatment group. For sitting blood pressure
mean between-group differences were 10·1 mm Hg (95%
CI 8·8–11·4) systolic and 4·5 mm Hg (3·9–5·1) diastolic at
2 years, and 10·7 mm Hg (8·8–12·5) and 4·7 mm Hg
(3·7–5·6) at 4 years. The differences in pulse rate were
�0·1 beats per min (�0·8 to 0·6) and �0·6 beats per min
(�1·7 to 0·5), respectively.

Uncontrolled hypertension led 126 (5·5%) patients in
the placebo group and 11 (0·5%) patients in the active-
treatment group (p<0·001) to withdraw from treatment.
For 59 and five of these patients, respectively, the blood-
pressure criteria applied by the clinical investigator were
less stringent than those foreseen by the protocol.

There were fewer deaths from cardiovascular causes in
the active treatment group (�27% [�48 to 2], p=0·07)
than in the placebo group, but all-cause mortality was not
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Run-in period (n=6403)

Randomised (n=4695)

Placebo (n=2297) Active (n=2398)

Treated (n=1517)
Died (n=137)
Supervised open follow-up
  (n=295)
Non-supervised open follow-up
  (n=232)
Lost to follow-up (n=116)

Treated (n=1738)
Died (n=123)
Supervised open follow-up
  (n=174)
Non-supervised open follow-up
  (n=242)
Lost to follow-up (n=121)

Screened (n=8926)

Figure 2: Trial profile
Number of patients per group shown for each timepoint.

Characteristic Treatment group

Placebo Active treatment
(n=2297) (n=2398)

Mean (SD) age in years 70·2 (6·7) 70·3 (6·7)

Mean (SD) blood pressure in mm Hg
Sitting systolic 173·9 (10·1) 173·8 (9·9)
Sitting diastolic 85·5 (5·9) 85·5 (5·8)
Standing systolic 169·2 (12·1) 168·8 (12·4)
Standing diastolic 87·4 (7·7) 87·3 (7·7)

Mean (SD) sitting heart rate 73·0 (8·1) 73·3 (7·9)
in beats per min

Mean (SD) body-mass index in kg/m2

Men 26·3 (3·1) 26·6 (3·5)
Women 27·5 (4·4) 27·2 (4·5)

Mean (SD) serum cholesterol in mmol/L
Total cholesterol 6·0 (1·2) 6·0 (1·2)
High density lipoprotein cholesterol 1·4 (0·5) 1·4 (0·5)

Number of patients with characteristic at baseline
Women 1520 (66·2%) 1618 (67·5%)
Previous antihypertensive medication 1083 (47·1%) 1104 (46·0%)
Cardiovascular complications 697 (30·3%) 705 (29·4%)
Never smokers 1705 (74·2%) 1763 (73·5%)
Past smokers 427 (18·6%) 454 (18·9%)
Current smokers 164 (7·1%) 179 (7·5%)
Abstaining from alcohol 1674 (72·9%) 1724 (71·9%)
<1 unit alcohol per day 355 (15·5%) 414 (17·3%)
�1 unit alcohol per day 267 (11·6%) 258 (10·8%)

Table 1: Clinical features of treatment groups at randomisation
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In the active treatment group, non-fatal cardiac endpoints
decreased by 33% (p=0·03). All fatal and non-fatal cardiac
endpoints, including sudden death, decreased by 26%
(p=0·03). We found similar trends of reduction for non-
fatal heart failure (36%, p=0·06), for all cases of heart
failure (29%, p=0·12), and for fatal and non-fatal
myocardial infarction (30%, p=0·12; table 4, figure 4).
Active treatment reduced all fatal and non-fatal
cardiovascular endpoints by 31% (p<0·001).

Transient ischaemic attacks were not significantly
influenced by active treatment (�12%, p=0·62; table 5).
The rate of all cerebrovascular events (ie, fatal and non-
fatal strokes and transient ischaemic attacks) was 18·0 and
11·8 events per 1000 patient-years (100 cases and 70 cases)
in the placebo and active-treatment groups, respectively.
Active treatment reduced the rate of all cerebrovascular
events by 34% (�51 to �11, p=0·006).

significantly different (table 3). In the placebo group, the
death rate due to stroke, heart failure, myocardial
infarction, and sudden death ranged from 1·8 to 4·7 deaths
per 1000 patient-years. Although there were fewer deaths
from these causes in the active-treatment group, the CIs
were wide and did not exclude the possibility of no effect of
antihypertensive treatment. Non-cardiovascular and cancer
mortality did not differ significantly (table 3). 

The primary endpoint was fatal and non-fatal strokes
combined. 77 patients on placebo and 47 on active
treatment had strokes. The cumulative rates were 13·7 and
7·9 strokes per 1000 patient-years (table 4, figure 4). Active
treatment reduced the occurrence of all strokes by 42%
(p=0·003) and that of non-fatal stroke by 44% (p=0·007).
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Groups Number of patients at specified year of follow-up

Placebo group (n=2297) Active-treatment group (n=2398)

Year 1 Year 2 Year 3 Year 4 Year 1 Year 2 Year 3 Year 4

Total number 1683 1235 928 682 1758 1285 979 705

Died 34 51 63 61 15 41 54 54

Double-blind follow-up
All study drugs 1428 866 544 325 1580 1014 677 426
No study drugs 5 2 2 0 2 6 2 2
Only nitrendipine 693 343 178 95 1037 597 385 216
Study drug(s) other than nitrendipine 725 519 358 226 537 405 283 202
Treatment unknown 5 2 6 4 4 6 7 6
Drugs taken

Nitrendipine*† 1352 800 486 286 1407 856 571 351
Enalapril*† 677 477 330 206 471 330 223 152
Hydrochlorothiazide*† 315 297 226 150 147 164 139 104
Antihypertensive drugs†‡ 16 8 6 1 12 10 8 5

Open follow-up
All open follow-up 193 270 267 253 122 178 190 181
Supervised 133 186 179 162 71 89 90 92
Non-supervised 60 84 88 91 51 89 100 89
Antihypertensive treatment

Antihypertensive drugs 99 157 166 156 41 65 78 86
No antihypertensive drugs 13 32 24 28 15 25 23 26
Treatment unknown 81 81 77 69 66 88 89 69

Lost to follow-up§ 28 48 54 43 41 52 58 44

*In placebo group matching placebos were used. In the active-treatment group, mean daily doses (SD) of nitrendipine, enalapril, and hydrocholorothiazide were 28·2 (12·1) mg,
13·5 (6·2) mg, and 21·2 (6·2) mg, respectively.
†Because many patients were on combined treatment, numbers may not add up.
‡To bridge medical emergencies without having to break code, antihypertensive drugs could be prescribed during double-blind study period for up to 3 consecutive months.
§Patients without follow-up data for more than 1 year.

Table 2: Follow-up and treatment status by treatment group and year of follow-up
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Figure 3: Average sitting systolic and diastolic blood pressure
at randomisation and during follow-up

Cause of death Rate per 1000 patient-years Difference (active 
(number of deaths) minus placebo)

Placebo Active % rate p
(n=2297) (n=2398) (95% CI)

All causes 24·0 (137) 20·5 (123) –14 (–33 to 9) 0·22

Unknown cause 0·4 (2) 0·7 (4) . . . .

Cardiovascular
All cardiovascular 13·5 (77) 9·8 (59) –27 (–48 to 2) 0·07
Stroke 3·7 (21) 2·7 (16) –27 (–62 to 39) 0·33
Cardiac mortality* 9·1 (52) 6·7 (40) –27 (–51 to 11) 0·14
Heart failure 1·8 (10) 1·3 (8) –24 (–70 to 93) 0·57
Coronary mortality† 7·4 (42) 5·3 (32) –27 (–54 to 15) 0·17
Myocardial infarction 2·6 (15) 1·2 (7) –56 (–82 to 9) 0·08
Sudden death 4·7 (27) 4·2 (25) –12 (–49 to 52) 0·65
Dissecting aortic aneurysm 0·4 (2) 0·2 (1) . . . .
Pulmonary embolism 0·2 (1) 0·3 (2) . . . .
Peripheral arterial disease 0·2 (1) 0 (0) . . . .

Non-cardiovascular
Total 10·2 (58) 10·0 (60) –1 (–31 to 41) 0·95
Cancer 4·4 (25) 3·0 (18) –31 (–63 to 26) 0·22

*Included deaths from heart failure and coronary mortality.
†Consisted of fatal myocardial infarction and sudden death.

Table 3: Mortality by treatment group



THE LANCET

The rates of angina pectoris (�24%, p=0·04) and
peripheral arterial disease (�32%, p=0·06) were slightly
lower in the patients on active treatment (table 5). The
occurrence of cancer, benign neoplasm, and bleeding,
excluding cerebral and retinal haemorrhage, was similar in
both treatment groups (table 5). The rates of intercurrent
diseases of non-cardiovascular origin, which led to
admission to hospital, withdrawal from double-blind
treatment, or supervised open follow-up were also similar.
137 placebo-group patients were admitted to hospital
because of non-cardiovascular disorders compared with
145 in the active-treatment group (25·3 vs 25·4 admissions
per 1000 patient-years, p=0·95).

Discussion
The antihypertensive drugs used in our trial were the
dihydropyridine calcium-channel blocker nitrendipine, the
converting-enzyme inhibitor enalapril, and the thiazide
diuretic hydrochlorothiazide. Among elderly patients with
isolated systolic hypertension, these drugs reduced the risk
of stroke and the occurrence of various other cardiovascular
complications. We saw the benefit of active treatment soon
after randomisation, when most patients were still on
monotherapy with nitrendipine. Endpoints decreased
similarly in eastern and western European patients. At the
rates seen in the placebo group, treatment of 1000 elderly
patients with isolated systolic hypertension for 5 years
could prevent 29 strokes or 53 major cardiovascular
events.

The benefits of antihypertensive treatment were similar

to those in six other trials17–22 in older patients with
combined systolic and diastolic hypertension. Overall, in
these trials antihypertensive treatment reduced fatal stroke
by 33% and cardiovascular mortality by 22%.23 In a
subsequent quantitative review,24 which also included the
SHEP trial,4 the estimates were the same.

Although the relative benefit of antihypertensive
treatment is constant for a wide range of risks, absolute
benefit varies according to the risk of events seen in the
placebo group.24 Of seven intervention trials,4,17–19,21,22,25 the
smallest absolute benefit was seen in the Medical Research
Council trial in young hypertensive patients with diastolic
hypertension25 and the largest in the Swedish Trial in Old
Patients with Hypertensionn (STOP).19 Per 1000 patients
treated for 5 years, the number of strokes and
cardiovascular deaths prevented in those two trials ranged
from two to 27 and from six to 67, respectively. The
absolute number of strokes prevented by active treatment
in our trial was similar to that in the STOP trial, whereas
the number of cardiovascular deaths potentially prevented
was half-way between the Medical Research Council and
STOP results. Our results for stroke and myocardial
infarction were similar to those of the SHEP trial.4 Active
treatment with a thiazide combined with atenolol or
reserpine decreased these endpoints by 36% and 27%,
respectively.4

We recruited patients from eastern and western Europe.
Of 8926 screened patients, 4695 (52·6%) were
randomised. We recruited patients by population
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Nature of endpoint Rate per 1000 patient-years Difference (active
(number of endpoints) minus placebo)

Placebo Active % rate p
(n=2297) (n=2398) (95% CI)

Non-fatal endpoints
Stroke 10·1 (57) 5·7 (34) –44 (–63 to –14) 0·007
Retinal exudates 0 (0) 0·2 (1) . . . .
Cardiac endpoints 12·6 (70) 8·5 (50) –33 (–53 to –3) 0·03

Heart failure 7·6 (43) 4·9 (29) –36 (–60 to 2) 0·06
Myocardial infarction 5·5 (31) 4·4 (26) –20 (–53 to 34) 0·40

Renal failure 0·4 (2) 0·5 (3) . . . .

Fatal and non-fatal endpoints combined
Stroke 13·7 (77) 7·9 (47) –42 (–60 to –17) 0·003
Cardiac endpoints* 20·5 (114) 15·1 (89) –26 (–44 to –3) 0·03

Heart failure 8·7 (49) 6·2 (37) –29 (–53 to 10) 0·12
Myocardial infarction 8·0 (45) 5·5 (33) –30 (–56 to 9) 0·12

All fatal and non-fatal 33·9 (186) 23·3 (137) –31 (–45 to –14) <0·001
cardiovascular endpoints

*Included fatal and non-fatal heart failure, fatal and non-fatal myocardial infarction,
and sudden death (see table 3).

Table 4: Non-fatal endpoints alone and combined with fatal
endpoints

Nature of event Rate per 1000 patient-years Difference (active
(number of events) minus placebo)

Placebo Active % rate p
(n=2297) (n=2398) (95% CI)

Non-fatal cardiovascular events
Transient ischaemic attack 5·1 (29) 4·5 (27) –12 (–48 to 49) 0·62
Angina pectoris 23·9 (131) 18·1 (105) –24 (–41 to –2) 0·04
Peripheral arterial disease 10·2 (57) 6·9 (41) –32 (–54 to 2) 0·06

Non-cardiovascular events
Fatal and non-fatal cancer 14·7 (82) 12·4 (73) –15 (–38 to 16) 0·29
Benign neoplasm 3·0 (17) 4·0 (24) 35 (–28 to 151) 0·35
Intercurrent disease* 31·4 (168) 33·1 (186) 5 (–15 to 90) 0·63
Bleeding† 3·5 (20) 3·2 (19) –10 (-–52 to 69) –0·74

*Intercurrent disease refers to non-fatal non-cardiovascular disorders requiring
admission to hospital, withdrawal of double-blind treatment, or supervised open follow-
up.
†Bleeding excludes cerebral and retinal haemorrhage.

Table 5: Other events
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cancer (�76% [�95 to 13]).32 The Syst-China trial studied
Chinese patients aged 60 years or older with isolated
systolic hypertension.34 The first-line antihypertensive agent
in that study was also nitrendipine with the possible
addition of captopril and hydrochlorothiazide. That
population had a lower frequency of atherosclerosis than
western populations (unpublished).

The safety of short-acting calcium-channel blockers as
first-line antihypertensive agents has been questioned in
case-controlled and observational studies, which, according
to the investigators’ interpretation,10–13 left a margin of
uncertainty, for example, because confounding by
indication could not be excluded. We used nitrendipine,
which is of the dihydropyridine class with a terminal
plasma half-life of 12 h.3 The median duration of exposure
in the active-treatment group was 1·7 years (per-protocol
analysis). Compared with the placebo group, no
differences occurred in non-cardiovascular death and the
rate of cancer and bleeding. After termination of the trial
on Feb 14, 1997, all patients were offered nitrendipine,
enalapril, and hydrochlorothiazide. Patients in our trial will
remain in open follow-up to confirm the safety of
dihydropyridines in the long-term management of isolated
systolic hypertension.

Syst-Eur Investigators
Belgium—G Adriaens, B Aertgeerts, C Agten, R André, J M Berthot,
G Beuken, F Bolly, W Bos, E Bourdon, J Buffels, E Buts, H Celis (Regional
Coordinator), W Ceyssens, J Claus, D Clement, K Cornelli,
P De Cort, E De Graef, J F De Plaen, G Decadt, E Dejaeger,
L Devriendt, F Dewaele, E Dierickx, H Dieu, M Dobbeleir, M Druart,
H Duprez, R Duyck, R Fagard, F Francis, M Geeraert, P Gilbert,
M Glibert-Walgraffe, J Gremling, W Holsters, J B Lafontaine,
B Langhoor, V Leyssens, F Libaut, P A Lourtie, B Maes, W Onsea,
W Pelemans, H Proost, J P  Rijckaert, J A Staessen, C Van Cauwenberge,
H Vandenabbeele, A Vandenbroeck, S Vandervliet, R Van Hoof,
J Van Lint, D Vantroyen, W Vanverrewegen, P Verhaert, A Vlaeminck.
Belorussia—I U Korobko, I V Lazareva, M M Liventseva, 
T A Nechesova, G I Sidorenko. Bulgaria—R P Alahverdian, 
S G Andreev, E D Anev, M N Antova, V G Arabadjiev, B I Asenov, 
V Baleva, A Batalov, S B Beleva, R M Beltcheva, K M Bianov, 
T S Bojanova, D Z Bozhinov, S T Brayanova, M P Dabcheva, 
L M Dentcheva, E M Dimitrov, L T Dimitrova, T I Draganov, 
A Elenkova, R G Eremieva, N B Ganov, S Z Georgiev, V I Gergova, 
A I Gogov, E G Goshev, M Grigorov, V S Guidarsky, I G Ianev, 
K Jankulova, V Jordanova, D K Kamenova, R Kermova, K Kirilov, 
L Koeva, Z Kuneva, G G Lazarova, E Lilov, E Lubenova, S I Mantov, 
T Marinova, R P Mateva, A K Mihov, L Mitkova, C Nachev (Regional
Coordinator), L Naidenova, N T Nikolova, V N Nikolova, 
S V Obretenova, L S Panteva, V Pasheva, A P Petkov, P A Petrov, 
A L Popov, D G Popov, I K Popova, T R Poryasova, R Prokopova, 
L S Radeva, R V Radoeva, K N Ramshev, K J Raykova, P B Rusafov, 
B E Shahov, Z Simeonova, V Sirakova, A T Slavtcheva, D S Smilcova, 
P Solakov, A Spasova, M Staneva, Z M Stereva, V Stoyanovsky, 
T Tchernev, S Tisheva, K T Todorova, M Todorova, M Tzekova, 
I N Tzenov, V H Vasilev, T N Vasileva, V I Veselinov, A Volcov, 
K Yablanski, Y T Yotov, M A Zaprianova, R Zdravcova, Z Zozanov.
Croatia—N Pivac, Z Rumboldt. Czech Republic—J Filipovsky. 
Estonia—T Laks, T Podar, U Planken. Finland—J Airas, M Alaluoto, 
R Antikainen, M V Haapio, T Hakamäki, K Halonen, M Jääskivi, 
S Y Junnila, E Karonen, P Kivinen, P S Kohonen-Jalonen, P Kuusisto, 
A Latva-Nevala, E Lehmus, E Lehtomäki, R Ristolainen, E Ruotsalainen,
C Sarti, R Tilvis, J Tuomilehto (Regional Coordinator), H Vanhanen, 
O Vänskä, H Viitanen, M Viitaniemi, S Vinni, H Wallinheimo. 
France—P Archaud, J M Aupy, G Baudassé, P Berger, A Berthelot, 
F Bezot, B Bombecke, L Boucher, J Bousac, A Boye, A Campagne, 
J Castellani, F Coisne, C Copere, J A Cozic, E De Sainte Lorette, 
A Delelis-Fanien, B Diadema, G Donnarel, M Escande, G Etchegaray, 
H Feuillette, Y M Flores, F Forette (Regional Coordinator), F Fouquet,
G François, I Gabilly, C Gaillard, A Gentric, X Girerd, R Gorlier, 
A Gracovetsky, M Grégoire, G Henry, G Herry, S Houdry-Pavie, 
J R Israel, J P Jacquemart, P L Jacquier, B La Salle, F Latour, 
J B Leblond, J L Lebrun, M Masieri, G Merceay, C H Mercier, 
G Meridjen, P Mours, A Neveur, I Périlliat, D Pineau-Valancienne, 
A Pistre, L M Pommier, A Ponsot, J Pontonnier, H Pujade, E Quignard,
D Rabaud, F Regnaut, J P Ribat, J Richard, C Robin, P Romejko, 
M Safard, R P Sarfati, A Sarradon, N Savary, M L Seux, M A Terrienne,
J M Vigne, M Zecconi, G Zerbé. Germany—J Enderlein, H D Faulhaber,

screening, from family practices,26 and at primary and
secondary referral centres. We included only 1·2% of
patients with previous myocardial infarction and 3·5% with
a history of stroke. The exclusion of patients with major
cardiovascular complications and the selection of
individuals likely to comply with long-term follow-up and
treatment are factors that must be taken into account when
the results are extrapolated. In the SHEP trial,4 447 921
individuals were contacted, mainly by mass mailing and
community screening. Of these 11·6% met the initial
criteria, 2·7% completed the baseline visit, and 1·1%
(n=4736) were randomly assigned treatment. Among those
patients the maximum diastolic blood pressure at
randomisation was 5 mm Hg lower than in our study.
Despite these differences in recruitment and selection
criteria, total and cardiovascular mortality in the placebo
groups of the SHEP trial and our trial were similar (ie, 23
vs 24 deaths and 10 vs 13 deaths per 1000 patient-years).

The role of the newer classes of antihypertensive drugs
in the pharmacological treatment of uncomplicated
hypertension continues to be debated.27,28 According to the
1993 guidelines in the USA,29 diuretics and �-blockers are
the only types of drugs that have been used in long-term
controlled clinical trials and shown to reduce morbidity and
mortality. These drugs have been, therefore, recommended
as first-choice agents unless they are contraindicated or
unacceptable or there are special indications for other
agents.29 By contrast, a joint committee of WHO and the
International Society of Hypertension30,31 believed that,
although most clinical trials tested diuretics, centrally
acting drugs, vasodilators, or �-blockers, often in
combination, no evidence was available that the benefits
were due to any particular class of antihypertensive drug
rather than to the lowering of blood pressure per se. The
committee recommended that several drugs may be
prescribed as first-line treatment of mild sustained
hypertension. They listed the drugs in order of proven
benefit on morbidity and mortality as: diuretics, �-blockers,
and converting-enzyme blockers, calcium-channel blockers,
and �-adrenoceptor-blocking drugs.30,31 Although both sets
of guidelines differed in their approach to designating first-
line antihypertensive agents, they both recognised the
urgent need to assess the efficacy of calcium-channel
blockers and converting-enzyme inhibitors in reducing
long-term morbidity and mortality in the treatment of
hypertension. We provide evidence that the newer
antihypertensive drugs also improve prognosis in a large
subset of the hypertensive population.

Two previous studies investigated the effects of
nifedipine in Chinese hypertensive patients, but followed
unorthodox designs.32,33 The Cheng-Du nifedepine trial was
a prospective placebo-controlled trial of 683 hypertensive
patients.33 During the 6 years of follow-up, the rate of
cardiovasular events decreased from 14·0% to 5·2%
(p=0·05). The Shanghai Trial of Nifedipine in the Elderly
(STONE) was a single-blind trial in which 1797 patients
were assigned either nifedipine (20–60 mg/day) or placebo,
with the possible addition in both treatment groups of
active captopril (20–50 mg/day) or hydrochlorothiazide (25
mg/day).32 Patients whose diastolic blood pressure exceeded
110 mm Hg were reassigned nifedipine. Total stroke
incidence decreased by 57% (95% CI �23 to �76). In the
nifedipine group total mortality declined by 45% (�71 to
3). No significant changes were seen in cardiovascular
mortality (�26% [�66 to 62]) and in the rate of fatal and
non-fatal myocardial infarction (�6% [�87 to 566]) or
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C Heuel, S Matthias, E Ritz (Regional Coordinator), G Schundau, 
U Zwettler. Greece—A D Efstratopoulos, K Nikolaides. 
Ireland—L Bradley, D Collins, J Cox, J Duggan, P Dupont, D Fagan, 
P Lennox, B Lucey, F Mee, C McElearny, E T O’Brien (Regional
Coordinator), K O’Malley, N Power, R Ryan, M Scully. Israel—B Boner,
C Bott-Kanner, J Fidel, A Goldhaber, E Kisch, I Kruchin, A Margalit, 
I Moran, G Moshe, J Rosenfeld (Regional Coordinator), N Stern, 
C Tabenkin, J R Viskoper, S Yodfat, Y Yodfat, C Yosephy, 
J Zabludowski, S Zerapha. Italy—B Abotel-Hag, E Agostinacchio, 
M Amoruso, M Antivalle, M Baroni, G Barracchia, F Bartolomucci, 
A Bossini, V Cagli, A Capra, F Cavallini, M Condorelli, M Del Torre, 
R Di Mise, C Diveroli, E Dolce, M Fastidio, R Fogari, G Germano, 
S Lattuada, F Leali, G Leonetti (Regional Coordinator), A Libretti, 
F Lissoni, A Longo, G Maiorano, G Malamani, P S Matteo, M Merlo, 
F Minenna, P Nazzaro, A Palasciano, P Palatini, M Paracicini, C Pasotti,
R Pieri, N Pietro, A Pirrelli, A Rappelli, M Rindi, E Roman, A Salvetti, 
M Simi, L Terzoli, F Tettamanti, B Trimarco, A Vaccarella, V Vulpis. 
Lithuania—M R Babarskiene, A Bickauskaite, J Jasilionyte, J Paukstys, 
D Rastenyte, A Sereniene. Netherlands—W H Birkenhäger (Regional
Coordinator), P W de Leeuw, W H L Hoefnagels, A T J Lavrijssen, 
A H Van den Meiracker, N F Vogel, P H Wassenberg, A B Wermenbol,
A Wester, A J Woittiez. Poland—J Baszak, L Bieniaszewski, 
B Broniarczyk, D Czarnecka, U Czubeck, T Grodzicki, B Gryglewska, 
U Iwicka, A Jach, K Kawecka-Jaszcz, M Kazmirowicz, M Klocek, 
J Kocemba (Regional Coordinator), B Krupa-Wojciechowska, 
M Markiewicz, D Mroczek-Czernecka, E Nartowicz, W Piwowarska, 
K Rachon, M Rajzer, M Tendera. Portugal—R Afonso, T B Afonso, 
A Bitoque, A Caetano, A Cardoso, M Carrageta (Regional Coordinator), 
H Concalves, A Costa, D Deolinda, J Domingues, A Franco, G Leiria, 
A Martinez, A Medeiros, A Moeda, A Nunes, P Nunes, R Nunes, 
J Pascoal, S Pereira, M N Rodrigues, G Segal. Romania—S Babeanu, 
V Bogdaneanu, R Draghici, D Dumitrascu, D L Dumitrascu, L Serban.
Russian Federation—O Akimora, G G Arabidze (Regional Coordinator), 
Y B Belousov, R S Bogachov, L V Budrina, T A Chlyabi, A V Demenova,
O V Efremenkova, A E Ershova, G E Gendlin, A Y Ivleva, T B Kasatova,
Z D Kobalava, I A Komisarenko, I V Kondratova, I L Konstantinova, 
A Kopelev, O A Kozyrev, A A Kubnitsky, L B Lazebnik, M V Leonova, 
V V Lopykhova, I P Malaya, N V Malysheva, O M Milyukova, 
S Moisseyev, V Moisseyev, S V Nedogoda, T M Nesterenko, 
E V Oshchepkova, A V Potapova, L E Salisheva, T N Sanina, 
E Shkolnikova, N M Sidakova, B A Sidorenko, A K Starodoubtsev, 
G I Storozhakov, Z M Syina, M V Taranova, S Tereshchtenko, 
E A Toporova, A L Tsepov, G A Vereshchagina, C K Zybkov. 
Slovakia—Z Gérová, K Jureckova, K Sedlakova. Slovenia—R Accetto, 
B Bucic, J Dobovisek, P Dolenc, B Kolsek, Z Lapanja, M Mihelic-Brcic, 
J Petrin, O Pirc-Cercek, A Zemva. Spain—J Abellan, F J Aranda, 
M Arjona-Garcia, J Arribas, G Chamorro-Barrionuevo, 
J M Bermudez-Garcia, V Cuesta, J Fernandez, B Gill-Extremera, 
J M Gomez, L Gonzalez-Gomez, A H Herrera, P Arenda-Lara, 
A Maldonado-Martin, R I Marin, J O Martinez, F H Meneguez, 
A Molina, J Mora-Macia, R Navarro, E Lopez de Novales, J Ortega, 
A H Pardell, F Plaza, J O Pujadas, J Redon, J L Rodicio (Regional
Coordinator), L M Ruilope, J A Ruiperez, L Soriano-Carrascosa, F Vega.
UK—P Andrews, S G Armstrong, D G Beevers, M Beevers, 
P Bruce-Jones, C J Bulpitt (Regional Coordinator), D Choat, P Crome, 
C Davidson, C T Dollery, A E Fletcher, G Fowler, N Gainsborough, 
L Gates, N D P Gunawardena, N Higson, S Jackson, T A Jeffers, 
C Kingswood, D Kluth, D Lee, P J Luce, D Lyons, G Mankikar, 
A O’Brien, H O’Neal, J C Petrie, J Richardson, A K Scott, P Sharpstone,
D I Slovick, I D Starke, C G Swift, J Timeyin, K Tsang, J Webster, 
P R Wilkinson.
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Data Monitoring Committee—C J Bulpitt, A E Fletcher, J A Staessen, 
L Thijs.
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Steering Committee—G G Arabidze, P De Cort, R Fagard, F Forette, 
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Coordinators of the Project on Vascular Dementia—F Foretto,
T Strasser.
Coordinators of the Project on Quality of Life—C J Bulpitt, A E Fletcher.
Coordinators of General Practices—H Celis, in collaboration with 
J Heyrman, G Stibbe, and M Van den Haute.
Coordinating Office—N Ausloos, H Celis, L De Pauw, P Drent,

R Fagard, H Fan, V Mariën, Y Piccart, J A Staessen, Y Toremans,
L Thijs, S Vandeneeyken, R Van Hoof, S Van Hulle, R Wolfs.

Regional drug dispatching centres
M Bontscheva (Bulgaria), C Borsati (Germany), L Carmody (UK),
E Caspi, D Koerner (Israel), S Coppens (Belgium), J Eeltink
(the Netherlands), M Ferrari (Italy), K Gravilov (Belorussia and the
Russian Federation), J Hacundova (Slovakia), M Kinnunen (Estonia,
Finland, and Lithuania), N Lozej (Slovenia), A Nolasco (Portugal), 
J Pawlowska (Poland), M Pételaud (France), C Pinol (Spain), 
G Sotiriadis (Greece), M Stipic (Croatia), M Thompson (Ireland), 
D Verzea (Romania), J Vylitova (Czech Republic).

Acknowledgments
The Syst-Eur trial, initiated by the late Antoon Amery, was a concerted
action of the BIOMED Research Programme, sponsored by the European
Union. The trial was done in consultation with WHO, the International
Society of Hypertension, the European Society of Hypertension and the
World Hypertension League. The trial was sponsored by Bayer AG,
Wuppertal, Germany. The National Fund for Scientific Research, Brussels,
Belgium, provided additional support. Study medication was donated by
Bayer AG and Merck Sharpe and Dohme Inc, West Point, PA, USA.

References
1 Staessen J, Amery A, Fagard R. Isolated systolic hypertension in the

elderly. J Hypertens 1990; 8: 393–405.
2 Amery A, Birkenhäger W, Bulpitt CJ, et al. Syst-Eur: a multicentre trial

on the treatment of isolated systolic hypertension in the elderly:
objectives, protocol, and organization. Aging Clin Exp Res 1991; 3:
287–302.

3 Goa KL, Sorkin EM. Nitrendipine. A review of its pharmacodynamic
and pharmacokinetic properties and therapeutic efficacy in the
treatment of hypertension. Drugs 1987; 33: 123–55.

4 SHEP Cooperative Research Group. Prevention of stroke by
antihypertensive drug treatment in older persons with isolated systolic
hypertension: final results of the Systolic Hypertension in the Elderly
Program (SHEP). JAMA 1991; 265: 3255–64.

5 Fletcher A, Spiegelhalter D, Staessen J, Thijs L, Bulpitt C. Implications
for trials in progress of publication of positive results. Lancet 1993; 342:
653–57.

6 Kaplan NM. Systolic Hypertension in the Elderly Program (SHEP)
and Swedish Trial in Old Patients with Hypertension (STOP): the
promises and the potential problems. Am J Hypertens 1992; 5:
331–34.

7 Ménard J, Day M, Chatellier G, Laragh JH. Some lessons from Systolic
Hypertension in the Elderly Program (SHEP). Am J Hypertens 1992; 5:
325–30.

8 Staessen J, Fagard R, Amery A. Isolated systolic hypertension in the
elderly: implications of SHEP for clinical practice and for the ongoing
trials. J Hum Hypertens 1991; 5: 469–74.

9 Staessen JA, Amery A, Birkenhäger W. Inverse association between
baseline pressure and benefit from treatment in isolated systolic
hypertension. Hypertension 1994; 23: 269–70.

10 Pahor M, Guralnik JM, Furberg CD, Carbonin P, Havlik RJ. Risk of
gastrointestinal haemorrhage with calcium antagonists in hypertensive
persons over 67 years old. Lancet 1996; 347: 1061–65.

11 Pahor M, Guralnik JM, Ferrucci L, et al. Calcium-channel blockade
and incidence of cancer in aged populations. Lancet 1996; 348: 493–97.

12 Furberg CD, Patsy BM, Meyer JV. Nifedipine: dose-related increase in
mortality in patients with coronary heart disease. Circulation 1995; 92:
1326–31.

13 Psaty BM, Heckbert SR, Koepsell TD, et al. The risk of myocardial
infarction associated with antihypertensive drug therapies. JAMA 1995;
274: 620–25.

14 41st World Medical Assembly. Declaration of Helsinki:
recommendations guiding physicians in biomedical research involving
human subjects. Bull Pan Am Health Organ 1990; 24: 606–09.

15 International Classification of Diseases. Manual of the international
statistical classification of diseases, injuries, and causes of death: based
on the recommendations of the ninth revision conference, 1975, and
adopted by the twenty-ninth World Health Assembly, vol 1. Geneva,
Switzerland: World Health Organization, 1977.

16 O’Brien PC, Fleming TR. A multiple testing procedure for clinical
trials. Biometrics 1979; 35: 549–56.

17 Amery A, Birkenhäger W, Brixko P, et al. Mortality and morbidity
results from the European Working Party on High Blood Pressure in the
Elderly trial. Lancet 1985; i: 1349–54.

18 Coope J, Warrender TS. Randomised trial of treatment of hypertension
in elderly patients in primary care. BMJ 1986; 293: 1145–51.

19 Dahlöf B, Lindholm LH, Hansson L, Scherstén B, Ekbom T,
Wester P-O. Morbidity and mortality in the Swedish Trial in Old
Patients with Hypertension (STOP-Hypertension). Lancet 1991; 338:
1281–85.



THE LANCET

764 Vol 350 • September 13, 1997

20 Kuramato K, Mutsushita S, Kuwajima I. The pathogenetic role and
treatment of elderly hypertension. Jpn Circ J 1981; 45: 833–43.

21 MRC Working Party. Medical Research Council trial of treatment of
hypertension in older adults: principal results. BMJ 1992;
304: 405–12.

22 Management Committee. Treatment of mild hypertension in the
elderly: a study initiated and administered by the National Heart
Foundation of Australia. Med J Aust 1981; 2: 398–402.

23 Thijs L, Fagard R, Lijnen P, Staessen J, Van Hoof R, Amery A.
A meta-analysis of outcome trials in elderly hypertensives. J Hypertens
1992; 10: 1103–09.

24 Lever AF, Ramsay LE. Editorial review: treatment of hypertension in
the elderly. J Hypertens 1995; 13: 571–79.

25 Medical Research Council Working Party. MRC trial of treatment of
mild hypertension: principal results. BMJ 1985; 291: 97–104.

26 Celis H, Yodfat Y, Thijs L, et al. Antihypertensive therapy in older
patients with isolated systolic hypertension: the Syst-Eur experience in
general practice. Fam Pract 1996; 13: 138–43.

27 Furberg CD, Psaty BM. Calcium antagonists: not appropriate as first
line antihypertensive agents. Am J Hypertens 1996: 9: 122–25.

28 Swales JD. Pharmacological treatment of hypertension. Lancet 1994;
344: 380–85.

29 The Joint National Committee on Detection Evaluation and Treatment
of High Blood Pressure. The fifth report of the Joint National
Committee on Detection, Evaluation and Treatment of High Blood
Pressure (JNC V). Arch Intern Med 1993; 153: 154–83.

30 The Guidelines Subcommittee of the WHO/ISH Mild Hypertension
Liaison Committee. 1993 guidelines for the management of mild
hypertension: memorandum from a World Health
Organization/International Society of Hypertension meeting.
Hypertension 1993; 22: 392–403.

31 Zanchetti A. Guidelines for the management of hypertension: the World
Health Organization/International Society of Hypertension view.
J Hypertens 1995; 13 (suppl 2): S119–22.

32 Gong L, Zhang W, Zhu Y, et al. Shanghai trial of nifedipine in the
elderly (STONE). J Hypertens 1996; 14: 1237–45.

33 Hamet P, Gong L. Chinese contribution to trials on antihypertensive
therapy. J Hypertens 1996; 14 (suppl 2): S123–28.

34 Wang J, Liu G, Wang X, et al. Long-term blood pressure control in
older Chinese patients with isolated systolic hypertension: a progress
report on the Syst-China trial. J Hum Hypertens 1966; 10: 735–42.

A case-control study of measles vaccination and inflammatory
bowel disease
Mark Feeney, Andrew Clegg, Paul Winwood, Jonathon Snook, for the East Dorset Gastroenterology Group*

Summary

Background The cause of inflammatory bowel disease (IBD)
remains to be established. Evidence has linked measles
infection in early childhood with the subsequent risk of
developing IBD, particularly Crohn’s disease. A cohort study
raised the possibility that immunisation with live attenuated
measles vaccine, which induces active immunity to measles
infection, might also predispose to the later development of
IBD, provoking concerns about the safety of the vaccine.

Method We report a case-control study of 140 patients with
IBD (including 83 with Crohn’s disease) born in or after
1968, and 280 controls matched for age, sex and general
practitioner (GP) area, designed to assess the influence of
measles vaccination on later development of IBD.
Documentary evidence of childhood vaccination history was
sought from GP and community health records.

Findings Crude measles vaccination rates were 56·4% in
patients with IBD and 57·1% among controls. Matched odds
ratios for measles vaccination were 1·08 (95% CI
0·62–1·88) in patients with Crohn’s disease, 0·84
(0·44–1·58) in patients with ulcerative colitis, and 0·97
(0·64–1·47) in all patients with IBD.

Interpretation These findings provide no support for the
hypothesis that measles vaccination in childhood
predisposes to the later development of either IBD overall or
Crohn’s disease in particular.

Lancet 1997; 350: 764–66

Introduction
The possibility that the inflammatory bowel diseases
(IBDs)—ulcerative colitis and Crohn’s disease—are caused
by a transmissible agent such as a virus is an attractive
hypothesis.1 Wakefield and colleagues have suggested that
Crohn’s disease might be the late result of measles virus
infection at a critical time during early childhood. This
“measles hypothesis” is based on a series of pathological
and epidemiological studies. 2-4

Wild-type measles infection is associated with substantial
morbidity and mortality. In the developed world,
complications occur in about one in 15 infections, and
most deaths result from the development of pneumonia,
acute encephalitis, or the rare but relentlessly progressive
subacute sclerosing panencephalitis.5,6 Live attenuated
measles vaccine was introduced in the UK in 1968, and as
a result of the vaccination campaign the incidence of
measles infection and complications has fallen strikingly.5,6

The measles hypothesis has been embellished with
evidence from a cohort study suggesting an increased risk
of IBD in individuals given live attenuated measles vaccine
in early childhood.7 This  report has led to concern about
the safety of measles vaccination and resulted in some
parents declining an effective vaccine. Counselling has
been particularly difficult because the evidence on which to
base reassurance on this issue is very limited.8

The present investigation was devised to assess the risk
of IBD associated with vaccination against measles in early
childhood. A case-control design was used because of the
relative rarity of the disease and the frequency of vaccine
exposure in the population.9,10 The study focuses on the
period between 1968 and 1991, during which measles
vaccination was routinely offered and immunisation status
documented in the UK by general practitioners (GPs) and
community health services within the National Health
Service. National uptake rates for measles vaccination
ranged from 34% in 1968 to 90% in 1991. 11

Method
This case-control study was done in East Dorset, UK, with the
approval of the local research ethics committee. 164 patients with
a definite diagnosis of IBD on the basis of standard clinical
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