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Prevention of Stroke @y Antihypertensive
Drug Treatment in Older Persons
With Isolated Systolic Hypertension

Final Results of the Systolic Hypertension

in the Elderly Program (SHEP)

SHEP Caooperative 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.

Deslgn.—Multicentsr, randomized, double-blind, placebo-controlled.

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

Participants.—4736 persons (1.06%) from 447 921 screenges aged 80 years
and above were randomized (2365 to active freatment, 2371 1o placebo).
Systolic blood pressure ranged from 160 to 212 mm Hg and diastolic bleod
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 diasiolic blood pressure,
77 mmHg. 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 mgy/d, or matching placebo; dose 2 was 25 mg/d. For step 2,
dose 1 was atenolol, 256 mg/d, or matching placebo; dose 2 was 50 mg/d.

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

Results. —Avetage follow-up was 4.5 years. The 5-year average systolic
blood pressure was 155 mm Hg ior 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, respecfively. The 5-year ingidence of total stroke was 5.2 per 100
participants for active treatment and 8.2 per 160 for placebo. The relative risk by
propentional 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 treatrment with low-dose
chlorthalidong as step 1 medication reduced theincidence of total stroke by 36%,
with 5-year absolute benefit of 30 events per 1000 participants. Major cardiovas-
cular events wore reduced, with 5-year absolute benefit of 55 events per 1000.

(JAMA. 1991;265:3255-5264)

amulti-ethnic eohort of men and women
age 60 years and older with ISH.™ Pre-
vious trials have demonstrated benefi-
cial effectz 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.**

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

See the end of the armicle for a st of the principal
investgators of the Systolo Hypertenzicen n e Elderly
Prodgram.
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derly Program (SHE P}, a doubie-blind,
randomized, placebo-controlied trial of
treutment for isclated systolic hyper-
tension (I8H) in persons 60 years of age
and older, The full-scale SHEP study,
begun in 1984, set as its primary objee-
tive “the determination of whether anti-
hypertensive drug treatment reduces
risk of total stroke (nonfatal and fatalyin
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Isolated systolie hypertension is in-
creasingly prevalent with age, especial-
ly in those aged 60 years and ahove.
Epidemiclogic 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 reeruit participanis. It also estak-
lished ability of drug therapy to reduce
blood pressure among persohs with
[SH.” For SHEP, I3H was defined as
systolic blood pressure (SBP) greater
than 160 mm Hp and diastolic blood
pressure (DBP) less than % 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 copni-
tive funetion; (4) possible adverse ef-
fects: () hospitalizations and intertnedi-
ate or skilled nursing facility admis-
sions; (6) falls and fractures; and (Timul-
tiple indexes of quality of life,"*

The SHEF protocul also stipulated
two other questions for investigation as
subgronp hypotheses': (1) Would treat-
ment. of ISH reduce the frequency of
total stroke (fatal and nonfatal) similar-
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l¥ in those receiving and not receiving
antihvpertensive medication at initial
contact? (2) Would weatment of ISH
reduce the incidence of sudden cardiac
death or of coronary death plus nenfatal
myocardial infarction similarly in those
free of baseline electrocardiographic
{(ECG)Y 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 u 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 sereen-
ing techniques.™ All identified potential
participante 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
ugzing standardized techniques with a
Hawksley random-zero manometer.™
The SBF 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-
teneive 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 eontact who had
SBPs hetween 130 and 219 mm Hg and
DEPs 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 eonsisted of tweo
visits, Eligibility was determined based
on study inelusion and exclusion erite-
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 30
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mm Hg for DBP, the participant was
eligible for the trigl. Persons were ex-
cluded on the basis of histery and/or
signs of specified major cardiovascular
diseases,” Other major diseases, eg,
cancer, aleoholic liver disease, estab-
lished renal dysfunction, with compet-
ingrisk for the SHEP primary end point
or the presence of medical management
problems, were alse exclusions. Screen-
eas also underwent a physical examina-
tion, and a 12-lead ECG was done, with
a 2-minute rhythm strip,

Those remaining eligible at the see-
ond haseline visit underwent behavioral
assessment (ineluding cognition, mood,
and activities of daily Hving),” signed an
additional informed conzent form for
participation in the trial, and had blood
drawn,

Randomization

At the completion of the second hase-
line visit, after verification of eligihility,
screenses 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
doge of either active drug treatment or
matching placebo. Bageline SBP (aver-
age of four seated blood pressure read-
ings at the firat and second baseline vis-
its) was used to establish & goal blood
pressure for each participant. For indi-
viduals with SBPs greater than 180 mm
Hg, the goal was a reduction toless 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 medieztion to maintain
3BP 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, atenociol, 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 mateh-
ing placebo could be substituted. When
required to reach the blood pressure
goal, the dosage of the step 2 drug ecould
he 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 SHEF 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

"hlood 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 sereen
for depression and dementia. ®* Annual
visitsalsoincluded (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
indieated, eg, SBP ahove the goal, SBP
or DBP ahove 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 eriteria,
despite maximal stepped-care therapy,
was an indication for preseribing known
active drmig therapy. Eseape eriteria 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 DBF greater than 90 mm Hg.
When adverse conditiens oceurred
that were considered drug refated, the
dosage of the study mediecation could be
redueced, or therapy eould 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 neurplogic 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 inchide specific
lecalizing 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} sudeden cardiae
death—death within | 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
onzet of severe cardiac symptoms, un-
related to other known causes: (3) non-
fatal myocardial infarction=typical
syraptoms consistent with acote myo-
cardial infarction plus either typical
ECG changes (ineluding new  waves)
or significant enzyme elevation (1.25
times normal), but not including silent
myocardial infarction; (4) fatal myocar-
dial infarction—autopsy diagmnosis 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 2+ (moderate}
ankle edema; (6) other cardiovascular
death—presumed myocardial infare-
tion that did not meet diagnostic erite-
ria, or other cardiovaseular 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 pwmol/L. For combined end
points, participants with maltiple end
points were counted only onee.

Infortmation related to study end
points was collected by clinie staff For
suspected stroke and transient ischemic
attack, a standardized neurological
evaluation was carried out hy a SHEP
neurologist. For suspected stroke, this
evalzation 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 infarction or left
ventricular failure, data requested in-
cluded ECGs, cardiac enzymes, chest
roentgencgram reports, and other elini-
cal information. Death certificates and
antopsy reports were obtained for dece-
dents. For hospitalizations and nursing
home admissions, discharge or admis-
sion sheets were obtained.

Oceurrence of study events listed
above was confirmed by a coding panel
of three physicians hlind to randomiza-
tion allocation, For a neurclagical
event, the coding panel included two
neurclogists, For myocardial infare-
tion, left ventricular failure, and all
causes of death, the panel included at
least one eardiologist.

Possible adverse clinical and bio-
chemical effects of the SHEP treat-
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Tahie 1. —Baseline Characteristics of Randamized SHEP Farlicipants by Treatment Group*
e

Active

Characteriatic Treatmem Group Placebo Group Total
Mo, randomized 2365 237 4738
Age, ¥
Averaget 1.6 (6.7) 1.5 {87) 18 (87
%
6069 41.1 418 41.5
-7 44.9 447 44.8
=80 14.0 134 13.7
Rave-sex, %}
Black men 4.3 43 4.6
Black women 8.9 87 9.3
‘White men 3gA 384 38.6
‘White women 47.4 477 a7 5
Education, yt 11.7 {3.5) 11.7 {3.4) 1.7 {2.5)
BElood pressure, mm Hg{
Sysatalic 170.5 (8.5} 1701 (9.2) 170.3 (3.4)
Diastolic TET (8.6} 76 4 {9.8) 7646 (97
Anlihyperiensive medication at initial contact, %% 330 335 333
Smoking, %
Cumen! smakers 12.6 12.9 127
Past smokers 36.6 areG 37
Hever smokers 50.8 495 5.2
Alcohol use, %
Nevar M5 217 21.6
Farmerly <1 10.4 10.0
Occasionally 55.2 53.8 54.5
Dally of nearly daily 137 14.0 12.8
Histery of myocardial Infasction, %a 49 4.9 49
History of stroke, % 1.5 1.4 14
Histery of diabates, % 10.0 10.2 10.1
Carolid bryits, % 6.4 7.9 71
Pulse rate, beals/mint§ 703 (10:5) 71.3 {10.5) 206 {105}
Body-mass index, kg/m?t 27.5 (49 27.5 (5.1) 275 {5.0)
Serum chalesierol, mmolilt
Tatal 6.1 (1.9 81 {1.1) &1 {1.1)
High-dansily lipoprotein 1.4 (04d) 14 (0.4) 1.4 (0.4}
Deprassive symploms, % 1.1 i10 11
Evidence of cognitive impairment, %1 0.3 0.5 0.4
Na limitation of activities of daily ving, %§ 95.4 2.8 946
Basaling slectrocardiographic abnormalities, 2o# 6t.3 60.7 1.0

*SHEP indicates the Systodic Hyparten=ion in the Elderly Program,

tVelues are mean (SD).

fIncluded amorg Lthe whites ware 204 Crientals (5% of whiles), 84 Hispanics 2% of whites), and 41 classitied as

“other” {1% of whiles).

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

|Depressive symptom scale score of 7 or greater™
TCognitive impairment scale scors of 4 or greater®

#0ne or more of the following Minnesota codes: 1.1 10 1.3 (QVQIS), 3.1 10 3.4 {high R waves), 4.1 10 4.4 (ST
depression), 5.1 to 5.4 (T wave changes), 5.1 to 6.8 (&Y conducion defects), 7.1 ta 7.8 tvaniricular conduchion
dafacta} 8.1 to 8.6 (arhythmias), and 9.1 to ©.3 and 9.5 imiscelianeous items). s

ments were evaluated by (1) using a
standardized questionnaire that asked
participants questions ahout side ef-
fects at annual visits, at visits after the
adminiztration of study drugs was
started or stepped up, and at visits at
which complaints were thought to be
due to SHEP medication and hy {2) ex-
amining serum chemistry data from an-
mual 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-
rie Association criteria.® A diagnosis of
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dementia had to be confirmed by the
SHEP coding panel, including two neu-
rolegists. A diagnosis of depression was
not reviewed centrally.

Statistical Analyses

Comparabhility of baseline character-
istics of the two treatment groups was
ascertained by x* tests for categorical
variahles and standard normal (z2) 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 caleulated using life
table methods. Relative risks and per-
centage differences were caleulated by
proportienal hazards regression analy-
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Table 2. —Participants Receiving Antihypertensive Madication by Year of Follow-up

Madication Status, %

No. of Participants

Traatnd with Known

at End of Year Active Drug Only Untraatad Unknown
Treated -~ - ”.
Actlve (Active Active Actlve Active
Treatment Placebho Treatment Treatment Flacebo Treatrment Placebo Treatment Pinceba
Yoar Group Group Group} Group Qroup Group Graup Group Group
1 2342 2336 a3 34 131 5.5 814 41 55
2 2308 22493 69.2 87 237 67 739 4.1 5.4
3 2241 2ETY 89.4 128 327 76 s2.8 30 45
4 1605 15091 90.0 171 38.5 a0 588 2.0 28
5 77 736 9.7 2.5 44.4 8.9 53.6 1.4 20

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

gis® 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
deseribed.’

A Data and Safety Monitoring Board
met twice per year to review unblinded
data on efficacy and safety. The board
used stochastie curtailment™ to evala-
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, 1986, 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 erite-
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.

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

Blood Pressure, mm Hg*

Difference
Year Active Treatment Group Placebo Group {Active-Placebo}
Systolic Blood Fressure
Baseline 170.5 (9.5) 1701 (3.2) +0.4
1 1425 (15.7) 156.5 (17.3) —14.0
2 141.8 (17.1) 154.4 (18.7) 128
3 142.4 {17.2) 155.0 (20.0) —-12.6
4 1431 {18.0% 154.6 (19.8) -11.5
5 1440 {18.3) 155.1 (209} -111
Diastolle Blood Pressure
Baseling 767 (9.6 764 (9.49) +0.3
1 595 19.9) 734 (12,1} -3¢
2 #8.2 10.9) 21 (12.0) -41
3 8.0 [10.6) 721 (12.3) —41
4 67.2 [11.6) 1.2 {12.6) -40
5 67.7 (10.9) 711 {(12.8) -34

*Valves are mean (5D}

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 twe SHEP
groups—assigned to active treatment
and placebo—comparable at baseline
(Tahle 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 Qrientals (5% of whites), 84 Hispan-
ics (29 of whites), and 41 classified as
“agther” (1% of whites), Of all partici-
pants, 1.4% reported a history of
stroke, and 5% reported a history of
myoecardial infarction. On physical ex-
amination, 7% had carotid bruits. Ahout
61l% had an ECG abnormality. As a
group, the cochort was cverweight, with
a body-mass index averaging 27.5 keg/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 17% 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 BHEP protocol or by preserip-
tion) throughout the trial—89% of par-
ticipants at year 3 and ®% of partici-
pants at year 5 (Table 2}, About 3% of
active treatment group participants
were assigned to receive known active
therapy hecause their blood pressure
met the escape criteria; medication was
stopped in 13% due to side effects. At
the b-year visit, of all participantsin 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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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 theraftar. Solid line with opan squares indicales average systolic blood
pressura for the activa treatmani group; broken lina with clesed circles, average
sysiolic blood pressure for the placebe group; solid line with triangles, average
diastolic blood pressure for the activa treatment groug; and broken ling with open

105
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Fig 2.—Cumulative fatal plus nonfetal stroke rate par 100 paricipants in the
active treatmen! (solid line) and placeboe (brokenling} groups duting the Systollc
Hypertansion in the Elderiy Program.

circlas, diastolic blood pressure for the placebo group.

cation only; 11% were receiving step 2,
dose 1 medication; L2% 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 itwo 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 io receive no active
antihypertensive medication through-
out the trial (Table 2) However, the
percentage for whom active antihyper-
tengive drug therapy was preseribed in-
creased progressively, from 13% at
yearlto 33% 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 DBPY, medi-
cation was stopped in 7% due to side
effects.

The proportion of participants receiv-
ing active antibypertensive 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%
vs44% at b years (Table 2).

Mean SBP and DBF 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

JAMA, June 26, 1981 —Val 265, MNo. 24

Table 4. Total {Nonfatal Plus Fatal} Stroke Rates by Treatment Group and Year of Follow-Up*
L]

Cumulative
Starting Mo. of No. Unavailable Stroke Rate {SE), per
Year No. Eventat for Follow-up 100 Partlcipams
Activa Trastment Group
1 2365 26 0 1.2 0.2}
2 2316 22 0 2.1 {0.3)
3 7754 21 o 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 (01.6)
Placebo Group
1 2371 34 0 14 (02)
2 2308 42 o 3.2 (0.4)
3 2229 2z 2 4.2 (0.4)
4 2131 34 2 8.0 {0.5)
5 1393 24 1 8.2 (0.7)
& 384 ] I 8.2 (09

*For the aclive treatment group compared with the placebo group, 51 8 = 12.90, P = 0003; relative risk, 064
(25% confidence interval, 0.50 1o 0.82).

tThere ware 103 total evenls (96 nonfatal and 10 fated) in Ihe active treatment group and 158 (149 nonfatal and
14 fatal) in the placebo group. Thres particiants i the active treadment group and four panicipants in the placebo
greup had both a nonfatal and a fatal stroke. Only the first svent (nonfatal) was countad in the total number of
events and in calculaticns of 1he cumulative stroke rate.

$The last stroke otcurred during the 67th month of follow-up

Table 5.— Stroke Events by Treaiment Group and Antinyperiensive Medication Status at Initial Cantact
L _____________________ ]

No. of Evants
Treatmert Na. of Honfatal Fatal Nonfatal Plus
Group Particlpants Stroke Stroke Fatal Stroke*
Mot Receiving Antlhyperiensive Medlcation at Inltia) Contact
Active 1584 &4 5 BT
Placabo B 1577 88 11 95
Realativa rlsk ($5%
confidence intervalit 089 {0.51-0.95)
Receiving Antihypertensive Medication wt nitial Contact
Active T8 32 5 34
Placebo a4 €1 3 63

Relative risk ($5%

confidence interval)f 057 (0.38-0.85)
L ]

*Threae participaris in the active treatment group and four participants # the placebo group had both a nonfatai
and a fatal stroka. Ondy the first event (nonfatel) was countad in the tolal number of events.

tFar the active treatment group compared with the placebo group, 31 g =540, P= 02,

$For the active treatment group compared with the placebo group, x2(1 ¢ =7.76, P = 01.
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Table 6. —Morbidity and Mortallty by Cause and Treatment Group

L " e

Mo. of Evants
Actlve Treatment Placebo Group Felative Rigk
Group {n = 2365) (n=2371} {95% Confiderce Interval)*
Nonfatal Evants
Shroks 149 0.62 (0.49-0.82)
Transient ischemic atlack 62 B2 0.75 (0.54-1.04)
Myocardial infarctionf 50 74 067 (0.47-0.96)
Coronary artery bypass graft 30 47 ' .63 (0.40-1.00)
Angiaplasty 18 ) (.88 (0.47-1.59)
Lot ventricular Tailure 48 102 o 0.46 (D.33-0.55)
Renal dysfunction 7 " .
Fatal Events
Tot_a_l_t_‘_lgalhs 213 242 087 (D.73-1,05)
Total gardicvassular 50 112 .50 {0.60-1.05)
Stroke 10 14 071 {0.31-1.504
Total coronary hear! disease 59 73 080 (0.57-1.13)
Sudden death (<1 h) 23 23 1.00 {0.58-1,78)
Rapid death {1-24 h) 21 24 087 (0.48-1.56)
Myccardial intarclion 15 25 0.57 {0.30-1.08)
Ofther cardiovascular 3 | 25 .87 (0.48-1.55)
Legf veniricular tailure g 7 .
Othar 13 18 0.71 (0.95-1.46)
Total noncardiovascutar 108 103 1.05 (0 B80-1.35)
Neoplastic disease 75 78 D96 (0.70-1.31)
Renal disease 2 2
Diabeles mefitus 2 1
Gastrointestinal disease 2 2
Raspiratory disease 7] 5
Infactious drsease 10 7
Agcidant, suicide, homicide 5 5
Other noncardiovascular 7 3
Indetarminata causat 14 27
Combined End Points
Naonfatal myocardial infarction or
ootonary heart giseasa death 104 141 073 (057094
Fatal of nonlatal stroke, nonfatal '
myocardial infarction, or
coronary heart disease death 158 289 0.87 [0.56-0.80
Coronary heart diseasa§ 140 184 0.75 (0.50-0.94)
Cardicvascular diseasa| 288 414 0.68 {0.780-0.79)

"Relative risk
indaterminae cause of death.

enis wera done for all types of events except those with fewer than 20 events and

tHontedal myocardial nfarciion does not include silen miyocardial intarction.

+Results of daath certificate coding for Indeterminate cavses according to the ninth revision of the fiternationad
Classification of Diseases, Adapted, were as follows: siroke, two in the aclive treatment group and three in the
placebe group; myocardial infarction, one (0 the plasebs groun; keft ventricular tailure, one in the placeba group;
other cardiovascular disease, seven in the active teatmem group and 10 in the placebo growp, naoplasm, one in
the acthva treaiment group; respiratory disease, ane in The placeba group; renal disease, ona in the active treatment
group; infectious dissase, thres in the placebt group; other noncardiovascular disease, one in the active treatiment
group and five in e placebo graup: and unkpown or no death cerlificate, one in the active ireatment group and

four in tha placetso group.

§Catonary haart dissase includes dafinite nonfatal or fatal myocardial infarction, sudden cardiac death, rapid
cardiac daath, coronary artery bypass grafl, and angicplasly.

|Cardiovascular disease includes definiie nontatsl or talal myocardial infarction, sudden cardiac death, sapid
cardiae death, corpnary artery bypass graR, angioplasty, nonfzial or fatal stroke, transienl ischemic attack,

anaurysm, 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 haseline, by about 15 mm Hg, The
mean DBP of the placebo group was
lower than at baseline by about 4 to
6 mm Hg. During the trial, the SHEP
goal blood pressure was reached by 66%
to 72% of persons in the active treat-
ment group but only by 32% te 40% of
those in the placebe 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 reducad more in
the active treatment group than in the
placebo group, by about 3to 4 mm Hg.

Total Stroke Incidence

All Participants, —With a mean fol-
low-up of 4.5 vears, 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, S-year cumulative stroke
rates were 5.2 per 1{{) participants for

Lhe active treatment group and 8.2 per
100 for the placebe group. The cumnla-
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.
Baszed on proportional hazards regres-
sion analysis, relative risk was 0.64
(95% confidence interval [CI], 0.50 to
1.82; P =,0003) (Table 4 and Fig 2). The
absolute reduction in 5-year risk of
stroke was 30 events per 1000 partiei-
pants, There were few stroke deaths—
10in the active treatment group and 14
in the placebo group. The cumulative
difference in total stroke incidence
rates, with rates Jower in the active
treatment group than in the placebo
group, increased progressively over the
5 years 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 14% 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
SBF. —Stroke incidence was lower in
those randomized to active treatment
than in these ratdomized o placebo for
all baseline age groups; 60 to 69 vears,
34 vs 47 events; 70 to 79 years, 48 vs T4
events; and 80 years or clder, 21 vs 38
cvents. A favorable effect of active
freatment was aleo noted for three of
the four major sex-race groups: white
men, 39 vy 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 8BP as a continuous vari-
able, the favorable trend in stroke inei-
dence for the active treatment
compared with the placebo group pre-
valled irrespective of baseline SBP.

By Antihypertensive Druog Treat-
ment Status at Initial Contact. —One
of the twe SHEP subgroup hypotheses
was related to the effects of active treat-
ment on participants receiving and not
receiving antihypertensive medication
at initfal 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-
panta receiving antihypertensive medi-
cation at initial contact, relative risk for
stroke was 0.57 (95% C1, 0.38 to 0.85).

Thus, SHEP primary end peint data
indicate a high degree of consistency in
favorable findings for the active treat-
ment groum.
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Table 7.—Prevalence of Symptoms Ever Characterized as Troublesome o Intolerable by Treatmen Group
. ________________________]

Provalenco, %
Active
Traaiment Placebo
Symplom Group Group z
Cardinpulmanary
Faintnass en standing 128 10.6 23
Faslings ol unsteadiness or knbalance 337 229 0.6
Losa of consciouanass/passing out bz 13 28
Heart bealing fasl or skipping baats V.2 83 -1.4
Heart beating unusually stowly 38 21 a6
Chest pain or heaviness 280 7.3 a3
Urusual shoriness of braath 119 11.0 1.0
Unusual tiradiass 258 23.8 16
Gold or numix hangs 136 2.6 4.1
Ankie swelling 19.5 15.6 a5
Peychosocial
Unusual worry o aniety 255 241 11
Trouble wilh memoryfconcantcation 284 20.4 49
Daprassion that intarferad with activtias 10.7 10.6 0.1
Problems. in sleeping 264 24.5 15
Nightmares 42 3.7 0.8
Problems in sexual function 48 3.7 28
Loss of appatite 6.4 8.5 14
Olher
Falls 12.8 104 25
Fractures 24 20 08
Wuscla weakness or cramping 284 258 18
Unusual indigestion T igs as e
Change in bowel habits B 15.4 1.4 4.0
Excossve thest 78 T 21
Mausea of:'omiti_r;g 97 a2 1.7
Tarry black stocls or red blcod in stooks 22 2.1 .3
Skin rash ar bnazing 12.5 10.6 20
Unusual joirst pain 56.4 M4 6
Sevens headachas TA a7 -11
Waking frequestly st right to urinate 144 124 20
Any specified problam 918 85.4 6.0
Any specified problam characterized as intolerable 2g.1 20.8 98

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 .86 for angioplasty
(Tabie 6).

Hospitalizations and Nursing
Home Admissions.—Hoapitalizations
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 admissicns 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
eauses {213 vs 242 deaths), total cardio-
vaseular causes (90 vs 112 deaths), and
total coronary causes (5% vs 73 deaths)
(range of relative risks, 0.80 to 0.87)

JAMA, June 26, 1981 — vl 265, No. 24

(Tabie 6). The difference observed in
total deaths from coronary heart dis-
case was largely due to the differenee in
the number of fatal myocardial infarc-
tions. The number of deaths from neo-
plastic diseases, second only to cardio-
vascular disezse as a main cause of
mertality 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. Allcoronary 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 2b% 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 treaiment group and
414 in the placebo group. This repre-
sented 32% fewer events in the active
treatment proup, with the 5-year abso-
lute benefit estimated at 55 events per

Pravention of Skoke — SHEP Caaperative Research Group
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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 assipnment to risk of these
events in persons with and without
baseline ECG sbnormalities. For the
subgroup of people free of baseline ECG
abneormalities, the relative risk of non-
fatal myecardial 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 bageline ECG abnormalities,
the relative risk of nonfatal mycecardial
infaretion 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 placeho 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,
urie acid, glucose, cholesterol, and sodi-
um levels oul 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 scrum sodium concentration was
similar in the two groups (Tabic 8).

About 4% of persons in the active
treatment and placebo groups met
questionnaire referral criteria for ex-
pert evaluation of possible dementiu
(Table 9. For more than $0% of these
people a referral was completed; the
main reason for failure to achieve refer-
ral was participant refusal. Thirty-sev-
en participanis (1.8%) receiving active
treatment and 44 (1.9%) receiving pla-
cebo had a diagnosis of dementia made
and confirmed hy the coding panel.

During the trial, 14% of persons in the
active treatment group and 15% in the

s



Table 8.—Serum Biothemical Vales by Treatment Group*
L ________________________________

Baneline 1y Ever
Active Treatrrant  Placebo Group Active Tresiment  Placebo Group Active Trestmant  Placebo Group
Group {n=2218) (h = 2202} Group {n = 1882) (n=1821) z Group [n=2255)} {n=2189} 2
Serum potassam, mmaoldL
Mean = 5D 4505 45=04 4.1+05 443204 -262 . L.
% with values 3.2 0.1 0.0 10 Q.1 38 39 0.8 6.7
Sanim unic acd, .maki
Mean + S0 3212833 3522833 374721011 327 1+8B33 187 e L. ce
%% with values =594.8 o2 03 28 0.8 5.6 53 13 75
Serum glucose, mmobiL
Maan+ SD 60x19 60=119 G4+24 B1x20 4% ..
% with values =111 2.8% A.0% 50 36 21 9.2 76 20
Serum cholagtencl, mmall,
Mean = S0 5A+12 G111 6312 [ RERR] 33
B with valuss =776 846 70 104 T 28 132 140 22
Serum sodium, mmolL
Maan = 50 1308+25 1396+25 1389x3.0 139.6= 2.6 -78 L
%% with valygs =130 03 0z 18 0.4 4.4 41 1.3 55

. |
*The number of participants in each Ireatment group and time penod varded because of invalid values We used the minimum number of participants.

Table 5.—Dementia and Depraasion by Treatment

Group
|
ha. (%)
Active
Treatmant Placabo
Graup Group
Np. randomized 2365 2371
Dementia
Qualfied for refarral B8 {4.1) 84 (40)
Rotorrad 83 (3.5) B2 (3.5)
Poasitive diagnosis 37 (16) 44 {19
Depression
Quakfied for referral 3223 (13.9) 357 (151)
Poalerred 254 (107) 272 (11.5)
Fasitive diagnosis 104 (4.4) 112 {4.7)

placebo group met the questionnaire re-
ferral criteria for expert evaluation of
possible depression (Table 9). For more
than T6% 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-
ceho had a diagnosis of depression.

COMMENT

The SHET antihypertensive drug
treatment regimen significantly re-
duced the risk of total stroke, the prima-
ry €nd point, in people aged 80 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 (£ =.0003),
and the absclute benefit estimated at
5 years was 30 events per 1000 partiei-
pants. This result was cbserved even
though about 35% of those assigmed to
placebo tock known antihypertiensive
rmedications during the trial.

The incidenee of nonfatal myocardial
infarction (not ineluding silent myocar-
dial infaretion} 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 ineluded coronary angioplasty and
coronaty artery bypass grafting. For all
cardiovascular events (289 in the active
treatment and 414 in the placebe
group), the reduction in incidence was
32% for the active treatment group.
This iz an absolate benefit at 5 years of
35 events per 1000 participants.

In addition to positive findings for the
incidence of stroke, coranary heart dis-
ease, and cardiovascular disease, there
was a favorable trend for total mortal-
ity. The death rate from all canges was
13% lower in the active treatment group
thaninthe placebo group. (As anticipat-
ed by the SHEP design, given the sam-
ple size of the trial, this difference was
nol statistically signilicant, )

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 he more accurately
characterized as individuals with ISH
than those receiving such treatment.'
However, we conclude thatl the SHEP
drug regimen for reduction of blood
pressure sipnificantly 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 [indings are consistent for the ac-
tive treatmeni pgroup compared with
the placebo group irrespeetive of age,
sex-race, and baseline SBP.

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

found in trisls of drug therapy for dia-
stolie 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 redue-
tions in the stroke rate for people with
either diagtolic hypertengion or ISH.

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

For the cercnary heart disease end
paint, 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 bazeline ECG abnormalities (61%
of thase randemized), the incidence rate
of nonfatal myocardial infaretion plus
coronary heart disease death was 31%
lower for aclive Lreatment.

The pozitive SHEP outeome 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—ysually low-dese atenclol,
25 mg/d, or, if atenolel was contraindi-
cated, low-dose reserpine, 0.00 mg/il—
wag added 23 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
SBE. The average DBP of the active
treatment group was ahout 3 to 4 mm
Hg lower than the placebo group DBF.
These data demonstrate an ability to
achieve and sustain control of I8H in
older persons with a low-dose, stepped-
eare drug regimen. This regimen was
asgociated with only an infrequent ex-
eess 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 unigue in two re-
spects: it used low-dose chlorthalidone,
and its participants were older people
with ISH, The favorable SHEP rezylts
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
avzilable. Data from large-seale, long-
term randomized trials are not avail-
able—auch data are needed.” The im-
portance of this question is underscored
by data on the eomparative ensts of oral
diureties and newer drugs. ™

In conclusion, SHEP demonstrated
significant efficacy of active antihyper-
tenisive drug treatment in preventing
gtroke 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 4 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
pointg of the trial, including the inei-
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dence of major cardiac and cardiovazen-
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 Lemman Co, Belleraville, Pa; Wyeth Labor-
atorieafAveprst Laboratories, AH Rabins Co, Rich-
mond, Va; and Stuart Pharmaceaticals, Wilming-
ton, Del.
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