Original Contributions

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)

SHEP Cooperative Research Group

Objective.—To assess the ability of antihypertensive drug treatment to re-
duce the risk of nonfatal and fatal (total) stroke in isolated systolic hypertension.

Design.—Multicenter, randomized, double-blind, placebo-controlled.

Setting. — Community-based ambulatory population in tertiary care centers.

Participants. —4736 persons (1.06%) from 447 921 screenees aged 60 years
and above were randomized (2365 to active treatment, 2371 to placebo).
Systolic blood pressure ranged from 160 to 219 mm Hg and diastolic blood
pressure was less than 90 mm Hg. Of the participants, 3161 were not receiving
antihypertensive medication at initial contact, and 1575 were. The average
systolic blood pressure was 170 mm Hg; average diastolic blood pressure,
77 mm Hg. The mean age was 72 years, 57% were women, and 14% were black.

Interventions. —Participants were stratified by clinical center and by antihy-
pertensive medication status at initial contact. For step 1 of the trial, dose 1 was
chlorthalidone, 12.5 mg/d, or matching placebo; dose 2 was 25 mg/d. For step 2,
dose 1 was atenolol, 25 mg/d, or matching placebo; dose 2 was 50 mg/d.

Main Outcome Measures.—Primary. —Nonfatal and fatal (total) stroke. Sec-
ondary.—Cardiovascular and coronary morbidity and mortality, all-cause mor-
tality, and quality of life measures.

Results.—Average follow-up was 4.5 years. The 5-year average systolic
blood pressure was 155 mm Hg for the placebo group and 143 mm Hg for the
active treatment group, and the 5-year average diastolic blood pressure was 72
and 68 mm Hg, respectively. The 5-year incidence of total stroke was 5.2 per 100
participants for active treatment and 8.2 per 100 for placebo. The relative risk by
proportional hazards regression analysis was 0.64 (P =.0003). For the second-
ary end point of clinical nonfatal myocardial infarction plus coronary death, the
relative risk was 0.73. Major cardiovascular events were reduced (relative risk,
0.68). For deaths from all causes, the relative risk was 0.87.

Conclusion.—In persons aged 60 years and over with isolated systolic
hypertension, antihypertensive stepped-care drug treatment with low-dose
chlorthalidone as step 1 medication reduced the incidence of total stroke by 36%,
with 5-year absolute benefit of 30 events per 1000 participants. Major cardiovas-
cular events were reduced, with 5-year absolute benefit of 55 events per 1000.

(JAMA. 1991;265:3255-3264)

THIS article presents the final results
of the Systolic Hypertension in the El-

See the end of the article for a list of the principal
investigators of the Systolic Hypertension in the Elderly
Program.
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derly Program (SHEP), a double-blind,
randomized, placebo-controlled trial of
treatment for isolated systolic hyper-
tension (ISH) in persons 60 years of age
and older. The full-scale SHEP study,
begun in 1984, set as its primary objec-
tive “the determination of whether anti-
hypertensive drug treatment reduces
risk of total stroke (nonfatal and fatal) in
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amulti-ethnic cohort of men and women
age 60 years and older with ISH.” Pre-
vious trials have demonstrated benefi-
cial effects of antihypertensive treat-
ment of diastolic hypertension on major
morbidity and mortality, but none has
investigated the ability to influence
these events for persons with ISH.**

For editorial comment see p 3301.

Isolated systolic hypertension is in-
creasingly prevalent with age, especial-
ly in those aged 60 years and above.
Epidemiologic studies have demon-
strated an increase in risk of stroke,
other cardiovascular diseases, and
death for those with ISH, independent
of other risk factors.?*

The SHEP pilot study demonstrated
the feasibility of undertaking trials in
older people with ISH, including ability
to recruit participants. It also estab-
lished ability of drug therapy to reduce
blood pressure among persons with
ISH.” For SHEP, ISH was defined as
systolic blood pressure (SBP) greater
than 160 mm Hg and diastolic blood
pressure (DBP) less than 90 mm Hg,
based on the average of four measure-
ments at two baseline visits."*

Secondary objectives included as-
sessment of the relationship of antihy-
pertensive treatment to (1) multiple
cardiovascular morbidity and mortality
end points, including cardiac end points;
(2) cause-specific and all-cause mortal-
ity; (3) multi-infaret dementia, clinical
depression, and deterioration of cogni-
tive function; (4) possible adverse ef-
fects; (5) hospitalizations and intermedi-
ate or skilled nursing facility admis-
sions; (6) falls and fractures; and (7) mul-
tiple indexes of quality of life.**

The SHEP protocol also stipulated
two other questions for investigation as
subgroup hypotheses': (1) Would treat-
ment of ISH reduce the frequency of
total stroke (fatal and nonfatal) similar-
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ly in those receiving and not receiving
antihypertensive medication at initial
contact? (2) Would treatment of ISH
reduce the incidence of sudden cardiac
death or of coronary death plus nonfatal
myocardial infarction similarly in those
free of baseline electrocardiographie
(ECG) abnormalities and in those with
such abnormalities?

METHODS

The design and methods of SHEP
have been reported in detail else-
where."** They are summarized here.

Sample Size

The SHEP design specified a sample
size of 4800 participants to test the pri-
mary hypothesis.” This sample size was
used to detect a difference of at least
32% in total stroke incidence with 90%
power and a two-sided « of .05.

Recruitment and Screening

For recruitment, SHEP used primar-
ily mass mailing and community screen-
ing techniques.” All identified potential
participants underwent an initial con-
tact to exclude individuals ineligible by
age, blood pressure, and other crite-
ria.” One seated blood pressure reading
was taken. All blood pressures during
screening and trial follow-up were mea-
sured by trained, certified technicians
using standardized techniques with a
Hawksley random-zero manometer.*
The SBP was defined as the reading at
the first Korotkoff sound and DBP as
the reading at the last Korotkoff sound.
For persons not receiving antihyper-
tensive drugs who had a first SBP read-
ing greater than 150 mm Hg, two more
readings were taken. When the mean of
the last two readings was betweenl60
and 219 mm Hg for SBP and less than
100 mm Hg for DBP, the person was
eligible for the first baseline visit.

Persons receiving antihypertensive
medication at initial contact who had
SBPs between 130 and 219 mm Hg and
DBPs less than 85 mm Hg and who were
free of major illness were eligible for a
drug withdrawal procedure. They were
asked to obtain permission from their
personal physicians and to sign an in-
formed consent form for drug with-
drawal. They were then monitored at
multiple drug evaluation visits during a
2- to 8-week period to determine blood
pressure eligibility off medication.

The baseline phase consisted of two
visits. Eligibility was determined based
on study inclusion and exclusion crite-
ria. When the average of four seated
blood pressure measurements, two at
each of these visits, was between 160
and 219 mm Hg for SBP and less than 90
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mm Hg for DBP, the participant was
eligible for the trial. Persons were ex-
cluded on the basis of history and/or
signs of specified major cardiovascular
diseases.” Other major diseases, eg,
cancer, alcoholic liver disease, estab-
lished renal dysfunction, with compet-
ing risk for the SHEP primary end point
or the presence of medical management
problems, were also exclusions. Screen-
ees also underwent a physical examina-
tion, and a 12-lead ECG was done, with
a 2-minute rhythm strip.

Those remaining eligible at the sec-
ond baseline visit underwent behavioral
assessment (including cognition, mood,
and activities of daily living),” signed an
additional informed consent form for
participation in the trial, and had blood
drawn.

Randomization

At the completion of the second base-
line visit, after verification of eligibility,
screenees were randomly allocated by
the coordinating center to one of two
treatment groups. Randomization was
stratified by clinical center and by anti-
hypertensive medication status at ini-
tial contact.

Treatment Program

Participants were randomized in a
double-blind manner to a once-daily
dose of either active drug treatment or
matching placebo. Baseline SBP (aver-
age of four seated blood pressure read-
ings at the first and second baseline vis-
its) was used to establish a goal blood
pressure for each participant. For indi-
viduals with SBPs greater than 180 mm
Hg, the goal was areduction to less than
160 mm Hg. For those with SBPs be-
tween 160 and 179 mm Hg, the goal was
areduction of at least 20 mm Hg.

The objective of the stepped-care
treatment program was to use the mini-
mal amount of medication to maintain
SBP at or below the goal. All partici-
pants were given chlorthalidone,
12.5 mg/d, or matching placebo (step 1
medication). Drug dosage was doubled
(including matching placebo) for partici-
pants failing to achieve the SBP goal at
follow-up visits. If the SBP goal was not
reached at the maximal dose of step 1
medication, atenolol, 25 mg/d, or match-
ing placebo was added as the usual step
2 drug. When atenolol was contraindi-
cated, reserpine, 0.05 mg/d, or match-
ing placebo could be substituted. When
required to reach the blood pressure
goal, the dosage of the step 2 drug could
be doubled. Potassium supplements
were given to all participants who had
serum potassium concentrations below
3.5 mmol/L at two consecutive visits.

Follow-up Procedures

The SHEP participants were fol-
lowed up monthly until SBP reached the
goal or until the maximum level of
stepped-care treatment was reached.”
All participants had quarterly visits
from the date of randomization, at
which they underwent measurement of

"blood pressure (average of two read-

ings), heart rate, and body weight, and
a general medical history and detailed
review of medication use (prescribed
and over the counter) were done. At
semiannual visits, standardized ques-
tionnaires were administered to screen
for depression and dementia.** Annual
visits alsoincluded (1) a detailed medical
history, (2) a complete physical exami-
nation, (3) laboratory tests, and (4) be-
havioral assessment. An ECG was also
done at the second and final annual vis-
its. Other visits were. scheduled when
indicated, eg, SBP above the goal, SBP
or DBP above the escape criteria (see
below), low serum potassium concen-
tration (<3.2 mmol/L), or as requested
by the clinician or participant. Blood
pressure above a priori escape criteria,
despite maximal stepped-care therapy,
was an indication for prescribing known
active drug therapy. Escape criteria in-
cluded SBP greater than 240 mm Hg at
a single visit, DBP greater than
115 mm Hg at a single visit, sustained
SBP greater than 220 mm Hg, or sus-
tained DBP greater than 90 mm Hg.
When adverse conditions occurred
that were considered drug related, the
dosage of the study medication could be
reduced, or therapy could be discontin-
ued. Whenever the dosage was reduced
or therapy was discontinued, consider-
ation was given to resuming drug thera-
py when it appeared safe, when the par-
ticipant’s blood pressure was above the
goal, and when the participant agreed.

Ascertainment of End Points

Total stroke was the primary end
point. Stroke was defined as rapid onset
of a new neurologic deficit attributed to
obstruction or rupture in the arterial
system.” The defined deficit had to per-
sist for at least 24 hours unless death
supervened and had to include specific
localizing findings confirmed by neuro-
logic examination or brain scan, with no
evidence of an underlying nonvascular
cause. Determination of fatal stroke
was based on either autopsy or death
certificate plus data on preterminal hos-
pitalization with a definite diagnosis of
stroke. Definitions of individual second-
ary end points were (1) sudden cardiac
death—death within 1 hour of the onset
of severe cardiac symptoms, unrelated
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to other known causes; (2) rapid cardiac
death —death within 1 to 24 hours of the
onset of severe cardiac symptoms, un-
related to other known causes; (3) non-
fatal myocardial infarction—typical
symptoms consistent with acute myo-
cardial infarction plus either typical
ECG changes (including new Q waves)
or significant enzyme elevation (1.25
times normal), but not including silent
myocardial infarction; (4) fatal myocar-
dial infarction—autopsy diagnosis or
death certificate diagnosis plus preter-
minal hospitalization, with a definite or
suspected diagnosis of myocardial in-
farction within 4 weeks of death; (5) left
ventricular failure —a symptom, such as
significant dyspnea, plus a chest roent-
genogram characteristic of congestive
heart failure, or an abnormal physical
sign, such as rales or 24+ (moderate)
ankle edema; (6) other cardiovascular
death—presumed myocardial infarc-
tion that did not meet diagnostic crite-
ria, or other cardiovascular causes; (7)
transient ischemic attack—rapid onset
of a focal neurologic deficit lasting more
than 30 seconds and less than 24 hours,
presumed to be due to cerebral isch-
emia, with no evidence of an underlying
nonvascular cause; (8) coronary artery
therapeutic procedures—coronary ar-
tery bypass graft or coronary angio-
plasty; and (9) renal dysfunction—se-
rum creatinine concentration greater
than 265.2 pmol/L. For combined end
points, participants with multiple end
points were counted only once.

Information related to study end
points was collected by clinic staff. For
suspected stroke and transient ischemic
attack, a standardized neurological
evaluation was carried out by a SHEP
neurologist. For suspected stroke, this
evaluation and notes by the attending
neurologist and scans or other studies of
the brain were forwarded to the coordi-
nating center. For participants with
suspected myocardial infaretion or left
ventricular failure, data requested in-
cluded ECGs, cardiac enzymes, chest
roentgenogram reports, and other clini-
cal information. Death certificates and
autopsy reports were obtained for dece-
dents. For hospitalizations and nursing
home admissions, discharge or admis-
sion sheets were obtained.

Occurrence of study events listed
above was confirmed by a coding panel
of three physicians blind to randomiza-
tion allocation. For a neurological
event, the coding panel included two
neurologists. For myocardial infarc-
tion, left ventricular failure, and all
causes of death, the panel included at
least one cardiologist.

Possible adverse clinical and bio-
chemical effects of the SHEP treat-
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Table 1.—Baseline Characteristics of Randomized SHEP Participants by Treatment Group*
. _____________________________________________________________________________________}

Active
Characteristic Treatment Group Placebo Group Total
No. randomized 2365 2371 4736
Age,y
Averaget 71.6 (6.7) 715 (6.7) 71.6 (6.7)
0/0
60-69 41.1 41.8 415
70-79 449 447 44.8
=80 14.0 13.4 13.7
Race-sex, %3
Black men 4.9 43 4.6
Black women 8.9 9.7 9.3
White men 38.8 384 38.6
White women 47.4 47.7 47.5
Education, yt 11.7 (3.5) 11.7 (3.4) 11.7 (3.5)
Blood pressure, mm Hgt
Systolic 170.5 (9.5) 170.1 (9.2) 170.3 (9.4)
Diastolic 76.7 (9.6) 76.4 (9.8) 76.6 (9.7)
Antihypertensive medication at initial contact, % 33.0 33.5 33.3
Smoking, %
Current smokers 12.6 129 127
Past smokers 36.6 37.6 37.1
Never smokers 50.8 49.6 50.2
Alcohof use, %
Never 215 1.7 21.6
Formerly 9.6 10.4 10.0
Occasionally 55.2 53.9 54.5
Daily or nearly daily 13.7 14.0 13.8
History of myocardial infarction, % 4.9 49 4.9
History of stroke, % 1.5 13 1.4
History of diabetes, % 10.0 10.2 10.1
Carotid bruits, % 6.4 7.9 7.1
Pulse rate, beats/mint§ 70.3 (10.5) 71.3 {10.5) 70.8 (10.5)
Body-mass index, kg/m?t 27.5 (4.9) 27.5 (5.1} 27.5 (5.0)
Serum cholesterol, mmoi/Lt
Total 6.1 (1.2) 6.1 (1.1) 6.1 (1.1)
High-density lipoprotein 1.4 (0.4) 1.4 (0.4) 14 (0.4)
Depressive symptoms, %]} 1.1 11.0 1.1
Evidence of cognitive impairment, %9 0.3 0.5 04
No limitation of activities of daily living, %§ 95.4 93.8 94.6
Baseline electrocardiographic abnormalities, %# 61.3 60.7 61.0

L |
*SHEP indicates the Systolic Hypertension in the Elderly Program.

tValues are mean (SD).

$Included among the whites were 204 Orientals (5% of whites), 84 Hispanics (2% of whites), and 41 classified as

“other” (1% of whites).

§P<.05 for the active treatment group compared with the placebo group.

|IDepressive symptom scale score of 7 or greater.s'
YCognitive impairment scale score of 4 or greater.®'

#0ne or more of the following Minnesota codes: 1.1 to 1.3 (Q/QS), 3.1 to 3.4 (high R waves), 4.1 to 4.4 (ST
depression), 5.1 to 5.4 (T wave changes), 6.1 to 6.8 (AV conduction defects), 7.1 to 7.8 (ventricular conduction
defects), 8.1 to 8.6 (arrhythmias), and 9.1 to 9.3 and 9.5 (miscellaneous items).%s!

ments were evaluated by (1) using a
standardized questionnaire that asked
participants questions about side ef-
fects at annual visits, at visits after the
administration of study drugs was
started or stepped up, and at visits at
which complaints were thought to be
due to SHEP medication and by (2) ex-
amining serum chemistry data from an-
nual laboratory evaluations.

The behavioral assessment included a
questionnaire to detect depression and
dementia, administered at baseline and
semiannually. Based on specified ques-
tionnaire scores,* participants were re-
ferred for expert diagnostic evaluation®
in accordance with American Psychiat-
ric Association criteria.® A diagnosis of
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dementia had to be confirmed by the
SHEP coding panel, including two neu-
rologists. A diagnosis of depression was
not reviewed centrally.

Statistical Analyses

Comparability of baseline character-
istics of the two treatment groups was
ascertained by x° tests for categorical
variables and standard normal (2) tests
for continuous variables. The primary
hypothesis was assessed with the log-
rank test® using time to first stroke as
the variable of interest. Cumulative
event rates were calculated using life
table methods. Relative risks and per-
centage differences were calculated by
proportional hazards regression analy-

3257

Downloaded From: http://jama.,jamanetwork.com/ by a Geor getown University Medical Center User on 05/21/2015



Table 2.—Participants Receiving Antihypertensive Medication by Year of Follow-up

Medication Status, %

No. of Participants

Treated with Known

at End of Year* Active Drug Only Untreated Unknown
s Treated > e ~ ‘
Active {Active Active Active Active
Treatment Placebo Treatment Treatment Placebo Treatment Placebo Treatment Placebo
Year Group Group Group) Group Group Group Group Group Group

1 2342 2336 90.3 3.4 13.1 55 81.4 4.1 55
2 2308 2293 89.2 8.7 23.7 6.7 70.9 41 54
3 2241 2270 89.4 12.8 32.7 76 62.8 3.0 4.5
4 1605 1591 90.0 17.1 38.5 8.0 58.8 2.0 28
5 773 738 89.7 21.5 444 89 53.6 1.4 2.0

*The number of participants drops off in years 4 and 5 mainly due to follow-up time.

sis® using the entire duration of follow-
up. All analyses were by treatment as-
signment at randomization. Two
subgroup hypotheses were specified a
priori. Subgroup hypotheses were
tested by the proportional hazards mod-
el using the appropriate interaction
term.* Power analyses for the subgroup
hypotheses have been previously
described.’

A Data and Safety Monitoring Board
met twice per year to review unblinded
data on efficacy and safety. The board
used stochastic curtailment™* to evalu-
ate whether the trial should be stopped
early. This was used to calculate the
probability that a conclusion based on
interim study results would remain un-
changed at the trial’s end, even if there
were no benefit from antihypertensive
treatment for the rest of the trial.

RESULTS
Recruitment

Recruitment was done at 16 clinical
centers between March 1, 1985, and
January 15, 1988. Details of recruit-
ment results have been published else-
where.* Altogether, 447 921 individuals
aged 60 years and above were identified
and contacted; 11.6% met initial crite-
ria, and 2.7% completed baseline visit 1.
Of those individuals, 64% were eligible
for baseline visit 2; of those, 70% were
eligible for randomization,; of those, 88%
were randomized.

Screenees meeting blood pressure
criteria and not receiving antihyperten-
sive medication proceeded directly
through two baseline visits; 3161 such
participants were randomized. Those
taking medication (193620 persons
[43.2%]) and meeting blood pressure
criteria underwent drug withdrawal as
previously described; 1575 such partici-
pants were randomized. A total of 4736
participants were randomized into the
trial, two thirds of whom were not re-
ceiving antihypertensive medication at
initial contact. The yield from initial
contact to randomization for those not
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Table 3.—Mean Systolic and Diastolic Blood Pressures by Treatment Group and Year of Follow-up

Blood Pressure, mm Hg*

Difference
Year Active Treatment Group Placebo Group {Active-Placebo)
Systolic Blood Pressure
Baseline 170.5 (9.5) 170.1 (9.2) +0.4
1 142.5 (15.7) 156.5 (17.3) -14.0
2 141.8 (17.1) 154.4 (18.7) -12.6
3 142.4 (17.2) 155.0 {20.0) -12.6
4 143.1 (18.0) 154.6 (19.8) -11.5
5 144.0 (19.3) 155.1 (20.9) -11.1
Diastolic Blood Pressure
Baseline 76.7 (9.6) 76.4 (9.8) +0.3
1 69.5 (9.9) 73.4 (12.1) -39
2 68.2 (10.9) 72.3 (12.0) -4.1
3 68.0 (10.6) 721 (12.3) -4.1
4 67.2 (11.6) 71.2 (12.6) -4.0
5 67.7 (10.2) 71.1 (12.8) -34

*Values are mean (SD).

taking antihypertensive medication
was 1.24% and for those taking medica-
tion was 0.82%. Of those ineligible, 90%
were excluded because of failure to
meet blood pressure criteria.

Randomization and Baseline
Characteristics of SHEP
Participants

Randomization. —Stratified ran-
domization by antihypertensive drug
treatment status at initial contact and
by center produced two SHEP
groups—assigned to active treatment
and placebo—comparable at baseline
(Table 1).

Baseline Characteristics. —Mean
age of participants was 72 years, 57%
were women, and 14% were black (Ta-
ble 1). Included among the whites were
204 Orientals (6% of whites), 84 Hispan-
ics (2% of whites), and 41 classified as
“other” (1% of whites). Of all partici-
pants, 1.4% reported a history of
stroke, and 5% reported a history of
myocardial infarction. On physical ex-
amination, 7% had carotid bruits. About
61% had an ECG abnormality. As a
group, the cohort was overweight, with
a body-mass index averaging 27.5 kg/m’
(almost 30% overweight by actuarial

criteria).® Fewer than 1% had cognitive
impairment, and about 11% manifested
symptoms of depression based on stan-
dardized questionnaire criteria. Only
5% reported limitation in activities of
daily living. Mean SBP was 170.3 mm
Hg; mean DBP was 76.6 mm Hg. The
distribution of SBP at baseline was 160
to 169 mm Hg, 57%; 170 to 179 mm Hg,
27%; 180 to 189 mm Hg, 10%; and great-
er than 190 mm Hg, 5%.

Antihypertensive Drug Treatment
Status by Year of Follow-up

Active Treatment Group.—Most
participants randomized to the active
treatment group received active antihy-
pertensive medication (either according
to the SHEP protocol or by prescrip-
tion) throughout the trial —89% of par-
ticipants at year 3 and 90% of partici-
pants at year 5 (Table 2). About 3% of
active treatment group participants
were assigned to receive known active
therapy because their blood pressure
met the escape criteria; medication was
stopped in 13% due to side effects. At
the 5-year visit, of all participants in the
active treatment group, 30% were re-
ceiving step 1, dose 1 medication only;
16% were receiving step 1, dose 2 medi-
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Blood Pressure, mm Hg

Follow-up, mo

Fig 1. - Average systolic and diastolic blood pressure during the Systolic Hyper-
tension in the Elderly Program follow-up plotted at 1, 3, 6, and 12 months and
yearly therafter. Solid line with open squares indicates average systolic blood
pressure for the active treatment group; broken line with closed circles, average
systolic blood pressure for the placebo group; solid line with triangles, average
diastolic blood pressure for the active treatment group; and broken line with open

104

Cumulative Stroke Rate, per 100 Participants

0 12 24 36 T 48 60
Follow-up, mo
S

Fig 2.—Cumulative fatal plus nonfatal stroke rate per 100 participants in the
active treatment (solid line) and placebo (broken line) groups during the Systdlic
Hypertension in the Elderly Program.

circles, diastolic blood pressure for the placebo group.

cation only; 11% were receiving step 2,
dose 1 medication; 12% were receiving
step 2, dose 2 medication; 21% were
receiving other active medication; and
9% were receiving no antihypertensive
drug. Thus, almost half of the partici-
pants were receiving the step 1 drug
only, and more than two thirds of the
participants were receiving the step 1
and/or step 2 drug only.

Placebo Group.—The majority of
participants randomized to the placebo
group continued to receive no active
antihypertensive medication through-
out the trial (Table 2). However, the
percentage for whom active antihyper-
tensive drug therapy was prescribed in-
creased progressively, from 13% at
year 1to33% at year 3 and 44% at year 5
(Table 2). Throughout the trial, about
15% of placebo group participants were
assigned to receive active therapy be-
cause their blood pressure met the es-
cape criteria (mostly due to DBP); medi-
cation was stopped in 7% due to side
effects.

The proportion of participants receiv-
ing active antihypertensive medication
was consistently higher throughout the
trial for persons in the active treatment
group than for those in the placebo
group—89% vs 33% at 3 years and 90%
vs 44% at 5 years (Table 2).

Mean SBP and DBP by Treatment
Group and Year of Follow-up

Throughout the trial, the mean SBP
of the active treatment group was sub-
stantially lower than at baseline, by
about 26 mm Hg overall (Table 3 and Fig
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Table 4.—Total (Nonfatal Plus Fatal) Stroke Rates by Treatment Group and Year of Follow-Up*
]

Cumulative
Starting No. of No. Unavailable Stroke Rate (SE), per
Year No. Eventst for Follow-up 100 Participants
Active Treatment Group
1 2365 28 0 1.2 (0.2)
2 2316 22 0 21 (0.3)
3 2264 21 0 3.0 (0.4)
4 2153 18 0 4.0 (0.4)
5 1438 . 13 5 5.2 (0.5)
61 613 1 0 5.5 (0.6)
Placebo Group
1 2371 34 0 1.4 (0.2)
2 2308 42 0 3.2 (0.4)
3 2229 22 2 4.2 (0.4)
4 213t 34 2 6.0 (0.5)
5 1393 24 1 8.2 (0.7)
6 584 3 0 9.2 (0.9)

"~

*For the active treatment group compared with the placebo group, x2(1 dfy=12.90, P =.0003; relative risk, 0.64
(95% confidence interval, 0.50 to 0.82).

1There were 103 total events (36 nonfatal and 10 fatal) in the active treatment group and 159 (149 nonfatal and
14 fatal) in the placebo group. Three participants in the active treatment group and four participants in the placebo
group had both a nonfatal and a fatal stroke. Only the first event (nonfatal) was counted in the total number of
events and in calculations of the cumulative stroke rate.

1The last stroke occurred during the 67th month of follow-up.

Table 5.—Stroke Events by Treatment Group and Antihypertensive Medication Status at Initial Contact
L ]

No. of Events
Treatment No. of Nonfatal Fatal Nonfatal Plus
Group Participants Stroke Stroke Fatal Stroke*
Not Receiving Antihypertensive Medication at Initial Contact
Active 1584 64 5 67
Placebo 1577 88 11 96
Relative risk (95%
confidence interval)t 0.69 (0.51-0.95)
Receiving Antihypertensive Medication at Initial Contact
Active 781 5 36
Placebo 794 61 3 63

Relative risk (95%
confidence interval)t 0.57 (0.38-0.85)

L]
*Three participants in the active treatment group and four participants in the placebo group had both a nonfatal
and a fatal stroke. Onily the first event (nonfatal) was counted in the total number of events.
tFor the active treatment group compared with the placebo group, x%(1 df)=5.40, P=.02.
$For the active treatment group compared with the placebo group, xx(1 df)=7.70, P=.01.
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Table 6.—Morbidity and Mortality by Cause and Treatment Group

e

No. of Events
Active Treatment Placebo Group Relative Risk
Group (n =2365) (n=2371) (95% Confidence Interval)*
Nonfatal Events
Stroke 149 0.63 (0.49-0.82)
Transient ischemic attack 62 82 0.75 {0.54-1.04)
Myocardial infarctiont 50 74 0.67 (0.47-0.96)
Coronary artery bypass graft 30 47 0.63 (0.40-1.00)
Angioplasty 19 22 0.86 (0.47-1.59)
Left ventricular failure 48 102 0.46 (0.33-0.65)
Renal dysfunction 7 11
Fatal Events
Total deaths 213 242 0.87 (0.73-1.05)
Total cardiovascular 90 112 0.80 (0.60-1.05)
Stroke 10 14 0.71 (0.31-1.59)
Total coronary heart disease 59 73 0.80 (0.57-1.13)
Sudden death (<1 h) 23 23 1.00 (0.56-1.78)
Rapid death (1-24 h) 21 24 0.87 (0.48-1.56)
Myocardial infarction 15 26 0.57 (0.30-1.08)
Other cardiovascular 21 25 0.87 (0.48-1.55)
Left ventricular failure 8 7 A
Other 13 18 0.71 (0.35-1.46)
Total noncardiovascular 109 103 1.05 (0.80-1.38)
Neoplastic disease 75 78 0.96 (0.70-1.31)
Renal disease 2 2
Diabetes mellitus 1
Gastrointestinal disease 2 2
Respiratory disease 6 5
Infectious disease 10 7
Accident, suicide, homicide 5 5
Other noncardiovascular 7 3
Indeterminate cause} 14 27

Combined End Points

Nonfatal myocardial infarction or

coronary heart disease death 104 141 0.73 (0.57-0.94)
Fatal or nonfatal stroke, nonfatal

myocardial infarction, or

coronary heart disease death 199 289 0.67 (0.56-0.80)
Coronary heart disease§ 140 184 0.75 (0.60-0.94)
Cardiovascular disease]| 289 414 0.68 (0.58-0.79)

*Relative risk assessments were done for all types of events except those with fewer than 20 events and

indeterminate cause of death.

tNonfatal myocardial infarction does not include silent myocardial infarction.

$Results of death certificate coding for indeterminate causes according to the ninth revision of the International
Classification of Diseases, Adapted, were as follows: stroke, two in the active treatment group and three in the
placebo group; myocardial infarction, one in the placebo group; left ventricular failure, one in the placebo group;
other cardiovascular disease, seven in the active treatment group and 10 in the placebo group; neoplasm, one in
the active treatment group; respiratory disease, one in the placebo group; renal disease, one in the active treatment
group; infectious disease, three in the placebo group; other noncardiovascular disease, one in the active treatment
group and five in the placebo group; and unknown or no death certificate, one in the active treatment group and

four in the placebo group.

§Coronary heart disease includes definite nonfatal or fatal myocardial infarction, sudden cardiac death, rapid
cardiac death, coronary artery bypass graft, and angioplasty.

JCardiovascular disease includes definite nonfatal or fatal myocardial infarction, sudden cardiac death, rapid
cardiac death, coronary artery bypass graft, angioplasty, nonfatal or fatal stroke, transient ischemic attack,

aneurysm, and endarterectomy.

1). The mean DBP of the active treat-
ment group was lower by about 9 mm
Hg throughout the trial compared with
baseline. For the placebo group, the
mean SBP was consistently lower than
at baseline, by about 15 mm Hg. The
mean DBP of the placebo group was
lower than at baseline by about 4 to
5 mm Hg. During the trial, the SHEP
goal blood pressure was reached by 65%
to 72% of persons in the active treat-
ment group but only by 32% to 40% of
those in the placebo group.

Mean SBP levels were substantially
lower throughout the trial for the active
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treatment group than for the placebo
group, by 11 to 14 mm Hg (Table 3 and
Fig 1). Mean DBP was reduced more in
the active treatment group than in the
placebo group, by about 3 to 4 mm Hg.

Total Stroke Incidence

All Participants.—With a mean fol-
low-up of 4.5 years, incident stroke, the
primary end point of the trial, was diag-
nosed in 103 persons in the active treat-
ment group and 159 persons in the pla-
cebo group (Table 4). By life table
analyses, 5-year cumulative stroke
rates were 5.2 per 100 participants for

the active treatment group and 8.2 per
100 for the placebo group. The cumula-
tive rates for the total period of follow-
up (70 months) were 5.5 per 100 partici-
pants for the active treatment group
and 9.2 per 100 for the placebo group.
Based on proportional hazards regres-
sion analysis, relative risk was 0.64
(95% confidence interval [CI], 0.50 to
0.82; P=.0003) (Table 4 and Fig 2). The
absolute reduction in 5-year risk of
stroke was 30 events per 1000 partici-
pants. There were few stroke deaths—
10 in the active treatment group and 14
in the placebo group. The cumulative
difference in total stroke incidence
rates, with rates lower in the active
treatment group than in the placebo
group, increased progressively over the
byears of the trial (0.2, 1.1, 1.2, 2.0, and
3.0 events per 100 participants) (Table
4). Seventeen of 96 people in the active
treatment group and 28 of 149 people in
the placebo group who had a nonfatal
stroke died during the trial —about 20%
in each group.

By Age, Sex, Race, and Baseline
SBP.—Stroke incidence was lower in
those randomized to active treatment
than in those randomized to placebo for
all baseline age groups: 60 to 69 years,
34 vs 47 events; 70 to 79 years, 48 vs 74
events; and 80 years or older, 21 vs 38
events. A favorable effect of active
treatment was also noted for three of
the four major sex-race groups: white
men, 39 vs 64 events; white women, 48
vs 66 events; and black women, seven vs
21 events. The apparent lack of any
trend for the small number of black men
was based on few events (nine vs eight
events). With proportional hazards re-
gression using SBP as a continuous vari-
able, the favorable trend in stroke inci-
dence for the active treatment
compared with the placebo group pre-
vailed irrespective of baseline SBP.

By Antihypertensive Drug Treat-
ment Status at Initial Contact. —One
of the two SHEP subgroup hypotheses
was related to the effects of active treat-
ment on participants receiving and not
receiving antihypertensive medication
at initial contact. Randomization was
stratified by whether or not partici-
pants were receiving antihypertensive
medication at initial contact. For the
subgroup not receiving antihyperten-
sive medication at initial contact, rela-
tive risk of stroke for active treatment
compared with placebo was 0.69 (95%
CI, 0.51 to 0.95) (Table 5). For partici-
pants receiving antihypertensive medi-
cation at initial contact, relative risk for
stroke was 0.57 (95% CI, 0.38 t0 0.85).

Thus, SHEP primary end point data
indicate a high degree of consistency in
favorable findings for the active treat-
ment group.
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Table 7.—Prevalence of Symptoms Ever Characterized as Troublesome or Intolerable by Treatment Group
]

Prevalence, %
Active
Treatment Placebo
Symptom Group Group z
Ca;g:gg‘uelrsnsog: I'sytanding 12.8 10.6 23
Feelings of unsteadiness or imbalance 33.7 32.9 0.6
Loss of consciousness/passing out 22 1.3 26
Heart beating fast or skipping beats 7.2 8.3 -14
Heart beating unusually slowly 3.8 21 3.6
Chest pain or heaviness 28.0 21.3 53
Unusual shortness of breath 11.9 11.0 1.0
Unusual tiredness 25.8 23.8 16
Cold or numb hands 13.6 9.8 4.1
Ankle swelling 19.5 15.6 3.5
Psychosocial
Unusual worry or anxiety 25.5 24.1 1.1
Trouble with memory/concentration 26.4 204 4.9
Depression that interfered with activities 10.7 10.6 041
Problems in sleeping 26.4 24.5 15
Nightmares 42 37 0.8
Problems in sexual function 4.8 3.2 29
Loss of appetite 6.4 55 1.4
Other
Falls 12.8 10.4 25
Fractures 2.4 2.0 0.8
Muscle weakness or cramping 28.4 25.9 19
Unusual indigestion 10.3 8.9 16
Change in bowel habits 15.4 1.4 4.0
Excessive thirst 7.9 6.4 21
Nausea or vomiting 9.7 8.2 1.7
Tarry black stools or red blood in stools 2.2 2.1 03
Skin rash or bruising 12.5 10.6 20
Unusual joint pain 36.4 3t.4 3.6
Severe headaches 7.8 8.7 -1.1
Waking frequently at night to urinate 14.4 124 2.0
Any specified problem 91.8 86.4 6.0
Any specified problem characterized as intolerable 28.1 20.8 59

Morbidity and Mortality From
Cardiovascular and Noncardio-
vascular Causes

Nonfatal Cardiovascular Events. —
The number of nonfatal cardiovascular
events was consistently lower for active
treatment than for placebo, with rela-
tive risks ranging from 0.46 for left ven-
tricular failure to 0.86 for angioplasty
(Table 6).

Hospitalizations and Nursing
Home Admissions.—Hospitalizations
for any reason were recorded for 1027
active treatment group participants
(1976 admissions) and 1086 placebo
group participants (2204 admissions).
Skilled or intermediate care nursing
home admissions were recorded for 52
active treatment group participants (58
admissions) and 58 placebo group par-
ticipants (65 admissions).

Deaths by Cause.—The number of
deaths was lower for active treatment
than for placebo for mortality from all
causes (213 vs 242 deaths), total cardio-
vascular causes (90 vs 112 deaths), and
total coronary causes (59 vs 73 deaths)
(range of relative risks, 0.80 to 0.87)

JAMA, June 26, 1991 —Vol 265, No. 24

(Table 6). The difference observed in
total deaths from coronary heart dis-
ease was largely due to the difference in
the number of fatal myocardial infarc-
tions. The number of deaths from neo-
plastic diseases, second only to cardio-
vascular disease as a main cause of
mortality for SHEP participants, was
similar (75 and 78 deaths) for the active
treatment and placebo groups.
Combined Nonfatal and Fatal Car-
diovascular Events. —Nonfatal and fa-
tal major cardiovascular events were
consistently lower for active treatment
than placebo. All coronary heart disease
events, nonfatal plus fatal, numbered
140 for the active treatment group and
184 for the placebo group (Table 6). By
proportional hazards regression analy-
sis, there were 25% fewer events in the
active treatment group, with the 5-year
absolute benefit estimated at 16 events
per 1000 participants. All nonfatal and
fatal cardiovascular events numbered
289 in the active treatment group and
414 in the placebo group. This repre-
sented 32% fewer events in the active
treatment group, with the 5-year abso-
lute benefit estimated at 55 events per

Prevention of Stroke —SHEP Cooperative Research Group

1000 participants.

Baseline ECG Abnormalities.—
The end points for the second SHEP a
priori subgroup hypothesis were the in-
cidence of nonfatal myocardial infare-
tion plus coronary death and the inci-
dence of sudden and rapid death. The
hypothesis dealt with the relationship of
treatment assignment to risk of these
events in persons with and without
baseline ECG abnormalities. For the
subgroup of people free of baseline ECG
abnormalities, the relative risk of non-
fatal myocardial infarction plus coro-
nary death for active treatment com-
pared with placebo was 0.83 (95% CI,
0.53 to 1.29). There were few events for
the end point of sudden and rapid
death—15in the active treatment group
and 10 in the placebo group. For partici-
pants with baseline ECG abnormalities,
the relative risk of nonfatal myocardial
infarction plus coronary death was 0.69
(95% CI, 0.50 to 0.94). For the end point
of sudden and rapid death, there were
29 events in the active treatment group
and 36 events in the placebo group.

The data regarding this subgroup hy-
pothesis suggest benefit from active
treatment for both those with and with-
out baseline ECG abnormalities.

Adverse Effects

At baseline, the number of clinical
complaints was comparable in the active
treatment and placebo groups. During
the trial, reported rates of certain prob-
lems were greater in the active treat-
ment group than in the placebo group
(Table 7).

During follow-up, serum potassium,
uric acid, glucose, cholesterol, and sodi-
um levels out of the specified ranges
were reported more frequently in the
active treatment group than in the pla-
cebo group (Table 8). During follow-up,
the mean serum potassium concentra-
tion was lower in the active treatment
group than in the placebo group; the
mean serum uric acid, glucose, and cho-
lesterol concentrations were higher in
the active treatment group; and the
mean serum sodium concentration was
similar in the two groups (Table 8).

About 4% of persons in the active
treatment and placebo groups met
questionnaire referral criteria for ex-
pert evaluation of possible dementia
(Table 9). For more than 90% of these
people a referral was completed; the
main reason for failure to achieve refer-
ral was participant refusal. Thirty-sev-
en participants (1.6%) receiving active
treatment and 44 (1.9%) receiving pla-
cebo had a diagnosis of dementia made
and confirmed by the coding panel.

During the trial, 14% of persons in the
active treatment group and 15% in the
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Table 8.—Serum Biochemical Values by Treatment Group*
L ________________________________________________________

Baseline 1y Ever
Active Treatment  Placebo Group Active Treatment Placebo Group Active Treatment  Placebo Group
Group (n=2218) (n=2202) Group (n=1882) (n=1821) z Group (n=2255) {n=2189) H
Serum potassium, mmol/L
Mean+SD 45+0.5 45+04 41+05 44+04 -25.2 . . N
% with values <3.2 0.1 0.0 1.0 0.1 3.8 39 08 6.7
Serum uric acid, pmol/L
Mean+SD 321.2+833 315.2+83.3 37471011 327.1+83.3 16.7 ..
% with values =2594.8 0.2 0.3 28 0.6 5.6 5.3 1.3 75
Serum glucose, mmol/L
Mean = SD 6.0+19 6.0x19 6.4+24 61x2.0 42
% with values =11.1 2.8% 3.0% 5.0 36 2.1 9.3 76 20
Serum cholesterol, mmol/L
Mean+SD 6.1+1.2 6.1x1.1 63+1.2 6.1+1.1 3.3
% with values =7.76 8.6 7.0 10.4 77 2.8 13.2 11.0 22
Serum sodium, mmol/L
Mean = SD 139.8+25 139.6+25 138.9+3.0 139.6+2.6 -76 -
% with values <130 0.3 0.2 1.8 0.4 44 4.1 13 5.6

*The number of participants in each treatment group and time period varied because of invalid values. We used the minimum number of participants.

Table 9.—Dementia and Depression by Treatment

Group
]
No. (%)
Active
Treatment Placebo
Group Group
No. randomized 2365 2371
Dementia
Qualified for referral 98 (4.1) 94 (4.0)
Referred 83 (3.5) 82 (3.5)
Positive diagnosis 37 (1.6) 44 (1.9)
Depression
Qualified for referral 329 (13.9) 357 (15.1)
Referred 254 (10.7) 272 (11.5)
Pasitive diagnosis 104 (44) 112 (4.7)

placebo group met the questionnaire re-
ferral criteria for expert evaluation of
possible depression (Table 9). For more
than 75% of these people a referral was
completed; the main reason for failure to
achieve referral was participant refus-
al. Of participants in the two groups,
104 (4.4%) randomized to active treat-
ment and 112 (4.7%) randomized to pla-
cebo had a diagnosis of depression.

COMMENT

The SHEP antihypertensive drug
treatment regimen significantly re-
duced the risk of total stroke, the prima-
ry end point, in people aged 60 years and
older with ISH. During the entire 70
months of study follow-up, the total
stroke incidence was reduced by 36% in
the active treatment group (P =.0003),
and the absolute benefit estimated at
5 years was 30 events per 1000 partici-
pants. This result was observed even
though about 35% of those assigned to
placebo took known antihypertensive
medications during the trial.

The incidence of nonfatal myocardial
infarction (not including silent myocar-
dial infarction) plus coronary death was
27% lower in the active treatment group
than in the placebo group. This differ-
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ence was maintained when the com-
bined coronary heart disease end point
also included coronary angioplasty and
coronary artery bypass grafting. For all
cardiovascular events (289 in the active
treatment and 414 in the placebo
group), the reduction in incidence was
32% for the active treatment group.
This is an absolute benefit at 5 years of
55 events per 1000 participants.

In addition to positive findings for the
incidence of stroke, coronary heart dis-
ease, and cardiovascular disease, there
was a favorable trend for total mortal-
ity. The death rate from all causes was
13% lower in the active treatment group
thanin the placebo group. (As anticipat-
ed by the SHEP design, given the sam-
ple size of the trial, this difference was
not statistically significant.)

Favorable outcome for the active
treatment group occurred for partici-
pants receiving and not receiving anti-
hypertensive medication at initial con-
tact. We recognize that persons not
receiving antihypertensive drugs at ini-
tial contact might be more accurately
characterized as individuals with ISH
than those receiving such treatment.’
However, we conclude that the SHEP
drug regimen for reduction of blood
pressure significantly reduced the inci-
dence of stroke in persons aged 60 years
and above with ISH, regardless of medi-
cation status at initial contact. Favor-
able findings are consistent for the ac-
tive treatment group compared with
the placebo group irrespective of age,
sex-race, and baseline SBP.

The SHEP is the first trial to test the
efficacy of antihypertensive drug treat-
ment on clinical end points for persons
with ISH. The significant positive out-
come on its primary end point of stroke
is consistent with the trend found in the
SHEP pilot study.” The 36% reduction
in stroke incidence is similar to that

found in trials of drug therapy for dia-
stolic hypertension, including the Hy-
pertension Detection and Follow-up
Program trial, the Medical Research
Council trial, and 12 smaller trials com-
bined.® Overall, these previous trials
recorded a 42% reduction in stroke inci-
dence (95% CI, 30% to 54%). Findings
from SHEP and .other trials suggest
that antihypertensive drug treatment is
broadly effective, with similar reduc-
tions in the stroke rate for people with
either diastolic hypertension or ISH.

Moreover, the SHEP decrease of 27%
in incidence of nonfatal myocardial in-
farction plus coronary heart disease
death for the active treatment group is
similar to results of the Hypertension
Detection and Follow-up Program and
greater than those in other trials. Com-
bined results of all diastolic hyperten-
sion trials indicate that sustained net
decrease in blood pressure recorded for
active intervention produced an overall
reduction in incidence of major coronary
events of 14% (95% CI, 4% to 24%).”

For the coronary heart disease end
point, SHEP recorded a favorable trend
for participants with and without base-
line ECG abnormalities. The SHEP
medication regimen showed no evi-
dence of adverse effect on coronary risk
for people with baseline ECG abnormal-
ities.*** In fact, for SHEP participants
with baseline ECG abnormalities (61%
of those randomized), the incidence rate
of nonfatal myocardial infarction plus
coronary heart disease death was 31%
lower for active treatment.

The positive SHEP outcome was
achieved with minimum effective doses
of antihypertensive drugs in a stepped-
care regimen structured to achieve and
maintain a goal blood pressure at least
20 mm Hg below baseline and below
160 mm Hg. It used low-dose chlorthali-
done, 12.5 mg/d, as the step 1 medica-
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tion. This was increased to a maximum
of 25.0 mg/d if needed. The step 2 medi-
cation—usually low-dose atenolol,
25 mg/d, or, if atenolol was contraindi-
cated, low-dose reserpine, 0.05 mg/d—
was added as needed, and the dosage of
either drug could have been doubled.
High-level adherence to this regimen
was maintained throughout the 5 years
of the trial. Based on the effects of this
regimen (plus regression to the mean
and adaptation to clinic assessment),
the average SBP of the active treatment
group was lower during the trial by
about 26 mm Hg, and it was about
11 mm Hg lower than the placebo group
SBP. The average DBP of the active
treatment group was about 3 to 4 mm
Hg lower than the placebo group DBP.
These data demonstrate an ability to
achieve and sustain control of ISH in
older persons with a low-dose, stepped-
care drug regimen. This regimen was
associated with only an infrequent ex-
cess of adverse effects and no evidence
of increase in dementia or depression.

Also, the SHEP results may have im-
plications for current uncertainties
about optimal drug treatment regimens
for diastolic hypertension, especially
“mild” hypertension. The SHEP find-
ings are congruent with the combined
results of previous trials of drug treat-
ment for diastolic hypertension in effi-
cacy of preventing not only stroke but
also coronary heart disease and all car-
diovascular disease.” In all these trials
an oral diuretic was the step 1 treatment
drug. The SHEP was unique in two re-
spects: it used low-dose chlorthalidone,
and its participants were older people
with ISH. The favorable SHEP results
suggest that a low-dose oral diuretic,
particularly chlorthalidone, may be as
efficacious for step 1 drug treatment of
high blood pressure as any other drug
available. Data from large-scale, long-
term randomized trials are not avail-
able—such data are needed.” The im-
portance of this question is underscored
by data on the comparative costs of oral
diuretics and newer drugs.®

In conclusion, SHEP demonstrated
significant efficacy of active antihyper-
tensive drug treatment in preventing
stroke in persons aged 60 years and old-
er with ISH. This result was achieved
(1) with use of stepped-care treatment,
starting with low-dose chlorthalidone as
the step 1 medication; (2) with the ma-
jority of participants assigned to active
drug therapy being at or below the goal
blood pressure; (3) with a low-order ex-
cess of adverse effects; and (4) with no
excess incidence of depression or de-
mentia. Favorable findings were dem-
onstrated for multiple secondary end
points of the trial, including the inci-
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dence of major cardiac and cardiovascu-
lar events. These findings indicate a
considerable potential for decreasing
morbidity and disability by effective
sustained drug treatment of ISH, given
its prevalence and the high rates of car-
diovascular diseases in those aged 60
years and older.

This study was supported by contracts with the
National Heart, Lung, and Blood Institute and the
National Institute on Aging. Drugs were supplied
by the Lemmon Co, Sellersville, Pa; Wyeth Labor-
atories/Ayerst Laboratories, AH Robins Co, Rich-
mond, Va; and Stuart Pharmaceuticals, Wilming-
ton, Del.

References

1. The Systolic Hypertension in the Elderly Pro-
gram (SHEP) Cooperative Research Group. Ratio-
nale and design of a randomized clinical trial on
prevention of stroke in isolated systolic hyperten-
sion. J Clin Epidemiol. 1988;41:1197-1208.

2. Veterans Administration Cooperative Study
Group on Antihypertensive Agents. Effects of
treatment on morbidity in hypertension: results in
patients with diastolic blood pressure averaging
115 through 129 mm Hg. JAMA. 1967;202:1028-
1034.

3. Veterans Admistration Cooperative Study
Group on Antihypertensive Agents. Effects of
treatment on morbidity in hypertension, II: results
in patients with diastolic blood pressure averaging
90 through 114 mm Hg. JAMA. 1970;213:1143-
1152,

4. Wolff FW, Lindeman RD. Effects of treatment
in hypertension: results of a controlled study. J
Chronic Dis. 1966;19:227-240.

5. US Public Health Service Hospitals Coopera-
tive Study Group. Treatment of mild hypertension:
results of a 10 year intervention trial. Circ Res.
1977;40(suppl 1):98-105.

6. Veterans  Administration/National Heart,
Lung, and Blood Institute Study Group for Cooper-
ative Studies on Antihypertensive Therapy: Mild
Hypertension. Treatment of mild hypertension:
preliminary results of a 2-year feasibility trial. Circ
Res. 1977;40(suppl 1):180-187.

7. Veterans  Administration/National  Heart,
Lung,and Blood Institute Study Group for Evalu-
ating Treatment in Mild Hypertension. Evaluation
of drug treatment in mild hypertension: VA-
NHLBI feasibility trial. Ann NY Acad Sci. 1978;
304:267-288.

8. Hypertension Detection and Follow-up Pro-
gram Cooperative Group. Five-year findings of the
Hypertension Detection and Follow-up Program,
I: reduction in mortality in persons with high blood
pressure, including mild hypertension. JAMA.
1979;242:2562-2571.

9. Hypertension Detection and Follow-up Pro-
gram Cooperative Group. Five-year findings of the
Hypertension Detection and Follow-up Program,
II: mortality by race-sex and age. JAMA.
1979;242:2572-2576.

10. Hypertension Detection and Follow-up Pro-
gram Cooperative Group. Five-year findings of the
Hypertension Detection and Follow-up Program,
III: reduction in stroke incidence among persons
with high blood pressure. JAMA. 1982;247:
633-638.

11. Hypertension Detection and Follow-up Pro-
gram Cooperative Group. The effect of treatment
on mortality in ‘mild’ hypertension. N Engl J Med.
1982;7:976-980.

12. Hypertension Detection and Follow-up Pro-
gram Cooperative Group. Effect of stepped care on
the incidence of myocardial infarction and angina
pectoris. Hypertension. 1984;6(suppl 1):198-206.
13. Helgeland A. Treatment of mild hypertension:
a 5-year controlled drug trial: the Oslo Study. Am J
Med. 1980,69:725-732.

Prevention of Stroke — SHEP Cooperative Research Group

14. Leren P, Helgeland A. Oslo hypertension
study. Drugs. 1986;31(suppl 1):41-45.

15. Australian National Blood Pressure Manage-
ment Committee. The Australian therapeutic trial
in mild hypertension. Lancet. 1980;1:1261-1267.

16. Medical Research Council Working Party.
MRC trial of treatment of mild hypertension princi-
pal results. BMJ. 1985;291:97-104.

17. Hypertension-Stroke  Cooperative  Study
Group. Effect of antihypertensive treatment on
stroke recurrence. JAMA. 1974;229:409-418.

18. Barraclough M, Bainton O, Cochrane AL, et al.
Control of moderately raised blood pressure: report
of a cooperative randomized controlled trial. BMJ.
1973;3:434-436.

19. Amery A, Birkenhager W, Brixko P, et al.
Mortality and morbidity results from the European
Working Party on High Blood Pressure in the El-
derly trial. Lancet. 1985;1:1349-1354.

20. Coope J, Warrender TS. Randomized trial of
treatment of hypertension in the elderly in primary
care. BMJ. 1986;293:1145-1151.

21. Carter AB. Hypotensive therapy in stroke sur-
vivors. Lancet. 1970;1:485-489.

22. Garland C, Barrett-Connor E, Suarez L, Cri-
qui MH. Isolated systolic hypertension and mortal-
ity after age 60 years. Am J Epidemiol. 1983;118:
365-376.

23. Probstfield JL, Furberg CD. Systolic hyper-
tension in the elderly: controlled or uncontrolled.
In: Frohlich ED, ed. Preventive Aspects of Coro-
nary Heart Disease. Philadelphia, Pa: FA Davis Co
Publishers; 1990:65-84.

24. Colandrea MA, Friedman GD, Nichaman MZ,
Lynd CN. Systolic hypertension in the elderly: an
epidemiologic assessment. Circulation. 1970;41:
239-245.

25. Shekelle RB, Ostfeld AM, Klawans HL. Hy-
pertension and risk of stroke in an elderly popula-
tion. Stroke. 1974;5:71-75.

26. Dyer AR, Stamler J, Shekelle RB, Schoen-
berger JA, Farinaro E. Hypertension in the elder-
ly. Med Clin North Am. 1977;61:513-529.

27. Rutan GH, Kuller LH, NeatonJD, Wentworth
DN, McDonald RH, Smith WM. Mortality associat-
ed with diastolic hypertension and isolated systolic
hypertension among men screened for the Multiple
Risk Factor Intervention Trial. Circulation.
1988;77:504-514.

28. Stamler J, Neaton JD, Wentworth D. Blood
pressure (systolic and diastolic) and risk of fatal
coronary  heart  disease. Hypertension.
1989;13(suppl I):2-12.

29. Hulley SB, Furberg CD, Gurland B, et al. Sys-
tolic Hypertension in the Elderly Program
(SHEP): antihypertensive efficacy of chlorthali-
done. Am J Cardiol. 1985;56:913-920.

30. Borhani NO, Applegate WB, Cutler JA, et al.
Systolic Hypertension in the Elderly Program
(SHEP): baseline characteristics of the randomized
sample, I: rationale and design. Hypertension.
1991;17(suppl 11):2-15.

31. Black HR, CurbJD, Pressel S, Probstfield JL,,
StamlerJ, eds. Systolic Hypertension in the Elder-
ly Program (SHEP): baseline characteristics of the
randomized sample. Hypertension. 1991;17(suppl
I1):1-171.

32. Wittes J, Davis B, Berge K, et al. Systolic
Hypertension in the Elderly Program (SHEP):
baseline characteristics of the randomized sample,
X: analysis. Hypertension. 1991;17(suppl 11):162-
167.

33. Petrovitch H, Byington R, Bailey G, et al.
Systolic Hypertension in the Elderly Program
(SHEP): baseline characteristics of the randomized
sample, II: screening and recruitment. Hyperten-
ston. 1991;17(suppl 11):16-23.

34. Labarthe DR, Blaufox MD, Smith WM, et al.
Systolic Hypertension in the Elderly Program
(SHEP): baseline characteristics of the randomized
sample, V: baseline blood pressure and pulse rate
measurements. Hypertension. 1991;17(suppl II):
62-76.

35. Weiler PG, Camel GH, Chiappini M, et al. Sys-
tolic Hypertension in the Elderly Program

3263

Downloaded From: http://jama.,jamanetwork.com/ by a Geor getown University Medical Center User on 05/21/2015



(SHEP): baseline characteristics of the randomized
sample, IX: behavioral characteristics. Hyperten-
ston. 1991;17(suppl 11):152-161.

36. Gurland B, Golden RR, Teresi JA, Challop J:
The SHORT-CARE: an efficient instrument for the
assessment of depression, dementia and disability.
J Gerontol. 1984;39:166-169.

37. SHEP Manual of Operations. Revised ed.
Houston, Tex: University of Texas School of Public
Health; 1990.

38. American Psychiatric Association, Committee
on Nomenclature and Statistics. Diagnostic and
Statistical Manual of Mental Disorders, Revised
Third Edition. Washington, DC: American Psychi-
atric Association; 1987.

39. Mantel N. Evaluation of survivai data and two
new rank order statistics arising in its consider-
ation. Cancer Chemother Rep. 1966;50:163-170.

40. Cox DR. Regression models and life tables. J R
Stat Soc B. 1972;34:187-220.

41. Lan KKG, Wittes J. The B-value: a tool for
monitoring data. Biometrics. 1988;44:579-585.

42. Davis BR, Hardy RJ. Upper bound for type I
error and type II error rates in conditional power
calculations. Commun Stat. 1990;19:3571-3584.

43. Hypertension Detection and Follow-up Pro-
gram Cooperative Research Group. Mortality find-
ings for stepped-care and referred-care partici-
pants in the Hypertension Detection and Follow-up
Program, stratified by other risk factors. Prev
Med. 1985;14:312-335.

44. Perry HM Jr, Smith WM, McDonald RH, et al.
Morbidity and mortality in the Systolic Hyperten-
sion in the Elderly Program (SHEP) Pilot Study.
Stroke. 1989;20:4-13.

45. Collins R, Peto R, MacMahon S, et al. Blood
pressure, stroke and coronary heart disease, II:
short-term reductions in blood pressure: overview
of randomised drug trials in their epidemiological
context. Lancet. 1990;335:827-838.

46. The Multiple Risk Factor Intervention Trial
Research Group. Relationship among baseline
resting ECG abnormalities, antihypertensive
treatment and mortality in the Multiple Risk Fac-

tor Intervention Trial. Am J Cardiol. 1985;55:1-15.
47. Multiple Risk Factor Intervention Trial Re-
search Group. Mortality after 10'/: years for hyper-
tensive participants in the Multiple Risk Factor
Intervention Trial. Circulation. 1990;82:1616-
1628.

48. Joint National Committee. The 1988 report of
the Joint National Committee on Detection, Evalu-
ation, and Treatment of High Blood Pressure. Arch
Intern Med. 1988;148:1023-1038.

49. Drug Topics Red Book. Oradell, NJ: Medical
Economics Books; 1990.

50. Kostis JB, Prineas R, Curb JD, et al. Systolic
Hypertension in the Elderly Program (SHEP):
baseline characteristics of the randomized sample,
VIII: electrocardiographic characteristics. Hyper-
tension. 1991;17(suppl 11):123-151.

51. Prineas RJ, Crow RS, Blackburn H. The Min-
nesota Code Manual of Electrocardiographic
Findings: Standards and Procedures for Measure-
ment and Classification. Littleton, Mass: John
Wright-PSG Inc; 1982.

Investigators at the 16 clinical centers and coor-
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RN; Maureen Magnani, RN; Sylvia Smoller, PhD;
Zirel Sweezy.
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Sandy Biggio, RN, BSN; Margaret Chiappini, RN,
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Portland, Ore.—Thomas M. Vogt, MD, MPH
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Kathy Reavis, RN; Vicki Wegener, RN, FNP.
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University of California, Davis.—Nemat O.
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Steering Committee. —Kenneth G. Berge, MD,
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John W. Rowe, MD, Mt Sinai Medical Center, New
York, NY; K. Warner Schaie, MD, Pennsylvania
State University, State College; Herman A. Tyr-
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tories, Teterboro, NJ).—S. Raymond Gambine,
MD; Arlene Gilligan; Joseph E. O'Brien, MD; Nich-
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