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A 5-year trial involving 201 men and women with high-normal blood pressure at
baseline demonstrated the ability to reduce the incidence of hypertension in
participants randomized to nutritional-hygienic intervention compared with a
control group. The incidence of hypertension was 8.8% among 102 intervention
group participants vs 19.2% among 99 control group members. The odds ratio
for the incidence of hypertension in the control group was 2.4. Mean trial blood
pressure also was lower in the intervention compared with the control group
{—1.2and —1.9 mm Hg, respectively, for diastolic blood pressure at work-site
and office visits and —1.3 and —2.0 mm Hg, respectively, for systolic blood
pressure at the two sites). Net weight loss in the intervention group averaged 2.7
kg during the trial; sodium intake was reduced by 25% and reported alcohol
intake decreased by 30%. The majority of intervention participants also reported
an increase in physical activity. Effect on blood pressure was related particularly
to degree of weight loss. Results indicate that even a moderate reduction in risk
factors for hypertension among hypertension-prone individuals contributes to
the primary prevention of the disease.

(JAMA. 1989;262:1801-1807)

CONTROL of hypertension in the Unit-
ed States has advanced greatly over the
last 20 years.' Today, with recognition
of the risks that accompany elevated
blood pressure (BP), millions of hyper-
tensives are receiving pharmacologic
treatment that normalizes pressure.
Despite gratification with this change,
there is legitimate concern about the
balance between benefit and risk with
decades-long use of drugs, on a mass
scale, particularly for persons with less
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severe hypertension. This is a concern
that the favorable results of short-term
trials cannot fully allay.*

A reasonable way to cope with this
dilemma is to attempt, using nonphar-
macologic means, to influence BP favor-
ably before hypertension has been es-
tablished, before untreated hyper-
tension has caused damage, and before
worries about unwanted drug effects
have to be faced.

There are convincing data, from both
epidemiologic studies and trials in hy-
pertensive persons, on the relation of
several life-style traits to BP: over-
weight, high salt intake, high alcohol
intake, and physical inactivity."** Inter-
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vention on these variables formed the
basis of the present randomized, con-
trolled trial on the primary prevention
of hypertension in persons at above-
average risk of becoming hypertensive.
The aim of the trial was to assess wheth-
er a program to improve these aspects
of life-style resulted in a lower incidence
of hypertension and a lower BP in the
intervention compared with the control
group.

METHODS
Participants

Two-stage screening identified men
and women aged 30 to 44 years who
were hypertension-prone, ie, who had a
high-normal diastolic BP: a first-screen
diastolic BP of 80 to 99 mm Hg, with a
second-sereen value of 85 to 89 mm Hg
or 80 to 84 mm Hg plus overweight (10%
to 49% above desirable weight') and/or
arapid resting pulse rate (=80 beats per
minute). Blood pressure was the aver-
age of two readings at a visit, with use of
the random zero mercury manometer:
Those least likely to cooperate with
recommended life-style changes were
not invited to participate (persons
=b0% above desirable weight, those re-
porting having five or more alcoholic
drinks daily, and persons expressing
unwillingness to change). Other reasons
for exclusion were major electrocardio-
graphic abnormalities, history or find-
ings of major cardiovascular disease,
diabetes, life-limiting conditions, fre-
quent travel limiting clinic attendance,
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special diets not compatible with pro-
gram recommendations, and contracep-
tive pill use.

Participants were identified at work-
site screening in Chicago, I1l, companies
that agreed to give individuals time off
during the day to participate in the
study.

End Points, Sample Size,
and Study Duration

The end points of the primary trial
were comparison of mean BPs and inci-
dence of definite hypertension in the
two study groups. Definition of hyper-
tension was initiation of antihyperten-
sive medication therapy by the partici-
pant’s personal physician or sustained
elevation of diastolic BP (a rise in the
work-gite value to =90 mm Hg followed
by a mean level =90 mm Hg for the
remainder of the trial). Sample size
originally was calculated on the basis of
the first end point (BP difference), and
it was determined that with a sample
size of 200 the power was .80 to detect a
diastolic BP difference of 2,5 mm Hg
between groups, with an « of .05 (one
sided). Before the start of the trial, in-
adequate data were available to esti-
mate the incidence of hypertension; it
was decided to use the first 2 years of
trial experience to determine whether
sample size had to be expanded to test
the incidence end point. Original cal-
culations indicated a sample of 200
would be adequate to detect a differ-
ence in incidence of . 15 between the two
groups, with power between .70 and
.80, depending on the actual incidence of
hypertension in the intervention group.
In the first 2 years, 12 monitored (con-
trol) group members developed hyper-
tension compared with 3 in interven-
tion. It therefore was decided to
maintain sample size at 200, Study dura-
tion was set to permit all to reach their
fifth anniversary.

Baseline Assessment

After screening, those who initially
were eligible attended a fasting visit for
standard biochemical tests and a medi-
cal visit including a resting electrocar-
diogram, a submaximal graded tread-
mill test using the Bruce protocol, and a
chest roentgenogram. Those then eligi-
ble were invited into the study.

Recruitment and Randomization

After signed consent was obtained,
201 eligible men and women were ran-
domized into one of two study groups
using computer assignment, with strat-
ification by average screening BP.
Randomization was into either the
intervention group, which received in-
dividualized guidance to achieve life-
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style changes, or the monitored (con-
trol) group, seen every 6 months.

Intervention Goals, Methods,
and Assessments

Goals. —Goals for the intervention
group were (1) reduction in overweight
of at least 4.5 kg or 5% of weight (which-
ever was greater) with a fat-modified
American Heart Association-type diet,
(2) reduction in daily sodium intake to
1800 mg or less (4.5 g of salt), (3) reduc-
tion of alcohol intake to no more than
two drinks daily (26 g of alcohol), and (4)
increase in moderate isotonic physical
activity, typically with a target heart
rate T0% to 75% of maximum for age,
unless contraindicated. Recommenda-
tions were for 30 minutes of exercise at
least 3 days per week.

Intervention Methods.—Since the
various life-style factors are linked
closely (eg, exercise, aleohol use, and
weight control), intervention was mul-
tifactorial. An intensive individualized
approach involved both physician and
nutrition counselors to help each indi-
vidual develop a realistic plan to meet
intervention goals. Food diaries were
used to describe usual eating patterns
s0 recommendations could take account
of both tastes and problems. Visit fre-
quency varied from biweekly in the ear-
ly days of intervention to quarterly,
depending on goal status and par-
ticipant preference. Family members
were included whenever possible to dis-
cuss meal patterns, identify important
sources of calories and sodium, suggest
reasonable nutritional alternatives, and
provide ideas about opportunities for
exercise. Some group counseling also
was included, eg, special sessions on
weight control. Material was prepared
on restaurant ordering, suggestions for
holiday eating, and recipes. Periodic
newsletters exchanged experiences,
answered common questions, and rein-
forced goals. As part of appropriate
medical practice, all smokers—in both
the intervention and monitored
groups— were advised to quit smoking.

Dietary Intake Assessment.—In-
tervention participants were asked to
collect 7-day food diaries at baseline and
annually and 4-day records at least
semiannually. Monitored participants
were to keep annual 7-day diaries. All
were instructed in keeping an accurate
record, with use of food models and
plates of various sizes to judge portion
sizes. Completed records were re-
viewed with them. Records were coded
for computer analysis, based on meth-
ods of the Nutritional Coding Center,
University of Minnesota, Minneapolis;
for analyses, Nutrition Coding Center
tape 6 was used.

Measurement of Urinary Sodium,
Potassium, and Creatinine Levels. —
The dietary coding did not provide for
salt added in cooking or at the table, so
the main assessment of sodium intake
was obtained from urinary values. At
baseline and annually, all participants
were asked to collect seven consecutive,
timed, overnight urine samples for de-
termination of sodium, potassium, and
creatinine content. Intervention group
participants also were asked to collect
four such samples semiannually,

Overnight specimens were requested
since complete collections during 24
hours were judged to be more difficult
and multiple, timed, overnight speci-
mens standardized to 8 hours have been
shown to yield reasonably accurate esti-
mates of habitual sodium intake." Re-
sults were converted to 24-hour esti-
mates with multipliers from a substudy
that compared overnight 8-hour with
total 24-hour values. Multipliers ob-
tained in the substudy and then applied
to the main study were 3.8 for sodium,
5.0 for potassium, and 3.1 for crea-
tinine."

Urine aliquots were analyzed at
Northwestern Memorial Hospital Clini-
cal Research Laboratory, Chicago, with
1in 14 samples as a blind replicate. Sodi-
um and potassium were analyzed by ion-
selective electrode by an electrolyte an-
alyzer. Creatinine was analyzed by the
Jaffé alkaline picrate method by spec-
trophotometer.

Other Measurements

BP.—Blood pressure was measured
every 6 months. These measurements
were at the work site so the two groups
would have similar familiarity with the
surroundings. In addition, BP was mea-
sured at annual office visits. Since
the office setting was more familiar to
intervention group participants be-
cause of frequent counseling visits,
there could be a bias toward lower read-
ings there for them compared with the
monitored group. Therefore, unless
otherwise indicated, work-site levels
were used for group comparisons. Mea-
surements were made by staff members
trained and certified in procedures used
by the Hypertension Detection and Fol-
low-up Program, based on recommen-
dations of the American Heart Associa-
tion.” Observers of BP were tested for
vision, hearing acuity, and accuracy and
were retested each 6 months.

Group assignment was unknown 10
the BP technicians. To further minimize
observer bias, the random zero mercury
manometer was used. Participants
were asked to avoid smoking or eating
for 30 minutes before measurement, to
empty the bladder, and to remain seat-
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ed in a quiet room for 5 minutes. Blood
pressure was measured on the right arm
with an appropriate-sized cuff. Systolic
BP was the appearance of the first
cound (K1) and diastolic BP was the
disappearance of sound (K5). Two pres-
sures with the random zero mercury
manometer were averaged as the mea-
sures of record.

Blood Chemistry. — At baseline and
annually, all participants received a
standard battery of tests done by com-
puterized sequential multiple analyzer.
Blood samples were drawn after a 15-
hour overnight fast and analyzed at the
Northwestern Memorial Hospital lab-
oratory; 1 in 10 specimens was a blind
replicate.

Weight and Height. —Participants
were weighed on a beam-balance scale,
without shoes and heavy clothing.
Height was measured with the scale’s
rule. Weight was measured at semian-
nual work-site and annual office visits,
Relative weight was calculated using
1959 life insurance actuarial tables."

Statistical Methods

Since there is considerable variability
in BP as well as in intake of sodium and
aleohol, and often also in weight in per-
sons attempting to lose weight, and
since length of time in the study also
varied, trial average values for each
person were used for these variables in
the main analyses, In addition, compari-
sons were made based on findings at
fixed intervals. In this way, total trial
experience of the entire sample was
used.

In caleulating trial average diastolic
BP for persons prescribed antihyper-
tensive treatment by their personal
physicians, the value recorded at the
last work-site visit prior to initiation of
treatment (or 90 mm Hg, whichever
was higher) was used for subsequent
visits. Most of these relatively young
individuals were taking medication be-
cause of elevated diastolic, not systolic,
BPE. Therefore, it would have been inap-
propriate to assign systolic values of 140
or 150 mm Hg for posttreatment visits;
the actual systolic pressure of the last
pretreatment visit was retained for fu-
ture visits and included in the trial aver-
age, Trial average for work-site BP and
weight was the average of all semiannu-
al measurements for these variables;
trial average for office visit BP, urinary
sodium intake, and reported alcohol in-
take included all annual measurements.

Differences between baseline and tri-
al average for key variables were com-
pared for intervention and monitored
groups by Student's ¢ tests for continu-
ous variables. One-sided tests were
used based on prior study hypotheses of
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direction of change. Differences in pro-
portions were compared using the x*
test corrected for continuity. Relative
risk for incidence of hypertension was
calculated using the odds ratio, with
90% confidence intervals.

For examination within the interven-
tion group of the relation of life-style
changes to BP end points, use was made
of simple correlation and multiple linear
regression.

RESULTS
Baseline Comparability

The randomized groups were compa-
rable on most variables (Table 1). Par-
ticipants were 21% to 23% overweight
and excreted about 4000 mg of sodium
daily, and about 20% reported high alco-
hol intake (four or more drinks at least 1
day per week). They were similar in
age-sex-race distribution, with a mean
age of 37 years; 86% were men and 82%
were white. Reported cigarette smok-
ing was higher in the monitored group
(38%) than in the intervention group
(25%).

Study Participation

Median length of time in the study
was 5.2 years for the intervention group
and 5.4 years for the monitored group.
Dropout was small for both groups, with
87% participating for 4 years or more. A
high proportion of intervention partici-
pants supplied multiple-day food re-
cords and multiple, timed overnight

urine specimens at least twice a year.
The median number of multiple-day
food records (4 or 7 days on each occa-
sion) was 8.1; the median for urine col-
lections (4 or T nights on each occasion)
was 9.0. Monitored participants sup-
plied similar records and specimens an-
nually, and comparison between groups
on these variables is based on annual
findings.

Trial End Points

Incidence of Hypertension.—Dur-
ingthe 5 years of the trial, the incidence
of hypertension was more than twice as
high in the monitored as in the interven-
tion group (Table 2). The proportion
moving from hypertension-prone to def-
inite hypertension was 19.2% of moni-
tored participants vs 8.8% of interven-
tion group members (x*=3.68 with
continuity correction; P=.027). The
odds ratio for the incidence of hyperten-
sion in the control group was 2.4 (90%
confidence interval, 1.2 to 4.8).

Hypertension occurred later in the
trial for intervention than monitored
participants. Three of 9 incident cases in
the intervention group occurred in the
first 2 years, with the remaining 6 in the
third year and beyond. This proportion
was reversed in the monitored group,
with 12 of 19 cases in the first 2 years
and the remaining one third thereafter,
The odds ratio for incidence of hyper-
tension in the monitored group was
greater than 1,00 in both periods but

Intervention Monitored
Group (n=102) Group (n=99)
Baseline B

. Variable Mean SD Mean SD
Age, ¥ 374 4.1 K rivg 4.0
Men, % 86.3 86.9
White, % 81.4 Vi 828 i
Weight, kg 833 11.0 85.3 11.0
Relative weight 120.5 131 123.4 1.2
Urinary sodium level, mg/d 3982.3 14131 42529 1445.3
Urinary potassium level, mg/d 2683.9 8969.7 2661.5 905.2
Alcohol intake

Drinkers, % 833 B79

Mean g/d consumed by drinkers 334 280 34.7 Nng

% Who consume =52 g/d* 209 195
Cigarette smokers, % 24.5 38.4
No. of cigarettes per d by smokers 16.8 175 15.8 139
Serum creatinine level, umolL 100.0 15.0 100.8 15.0
Serum cholesterol level, mmol/L 5.1 08 53 1.0
Serum fasting glucose level, mmol/L 51 05 52 07
Serum uric acid level, pmolL 370.0 80.0 370.0 80.0
Serum triglyceride level, mmol/L 1.4 0.8 1.4 08
Puise rate, beats per minute 740 , 85 | 74.0 8.5
Blood pressure, mm Hg

Diastolic ' 822 3.0 82.2 2.9

Systolic 1221 68 122.4 7.0

*On one or more days per week.
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Table 2.—Incidence of Hypeartension

No. No. (%) of

Group In Group Hypertensives*
Intervention 102 9 (8.8)
Monitored 99 19 (19.2)

. X'=3.68, P= 027
*Hypertensives are s who were prescribed
medication by their personal

and/or who sustained an work-site diastolic
blood pressure (see text).

was larger in the first 2 years than in
the second 2 years (4.1 and 1.3, re-
spectively).

As described in the “Methods” see-
tion, an individual was designated as
hypertensive if given antihypertensive
medication by his/her personal physi-
cian or if work-site diastolic BP rose to
greater than or equal to 90 mm Hg and
the mean work-site level thereafter was
90 mm Hg or higher. The second eriteri-
on was included since intervention
group participants might be more relue-
tant than monitored participants to use
medication for elevated BP. In faet, of
19 monitored participants with incident
hypertension, 16 had antihypertensive
medication prescribed by their personal
physicians, while in the intervention
group 5 of the 9 defined as hypertensive
were taking antihypertensive drugs,
but the remaining 4 declined drug
treatment.

Since smoking was less frequent at
baseline in the intervention group, and
since cigarette smoking might contrib-
ute to hypertension, incidence was com-
pared separately for smokers and non-
smokers. The incidence of hypertension
was higher among monitored than in-
tervention participants for both smok-
ers and nonsmokers, but the difference
apparently was larger among smokers.
Among smokers, the incidence was
28.9% for monitored vs 8.0% for inter-
vention (odds ratio, 3.9; 90% confidence
interval, 1.1 to 13.5); among nonsmok-
ers, the comparable proportions were
11.5% (monitored) vs 7.8% (interven-
tion) (odds ratio, 1.5; 90% confidence
interval, 0.6 to 3.6). With the given sam-
ple size, the difference between smok-
ers and nonsmokers was not significant.
The odds ratio for the overall associa-
tion of randomized group with inci-
dence, adjusted for smoking distribu-
tion, was 2.1 (90% confidence interval,
1.0to 4.2).

Trial Average BP.—For interven-
tion participants, trial average BP was
lower than baseline at both work-site
and annual office vigits for diastolic and
systolic BPs (Table 3). In all four com-
parisons, BP changes were favorable to
the intervention group, but mean differ-
ences between changes in intervention
and monitored group members were
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Table 3.—Mean Blood Pressure at Work-Site and Annual Office Visits

Mean (= SD) Bloot:‘l Pressure, mm Hg

No. of Trial MNat Student's
Participants  Baseline Average* Change Changet t Test Pt
Diastolic
Work-site visit
Intervention group 102 825 (2.9) B1.2 (52) -13 (47) —1.2 (0.7} 1.67 049
Monitored group 99 826 (29) 825 (55 —0.1 {49) .
Annual office visit
Intervention group 99 824 (28) 818 ({59 -07 (56 -—19 (08) 231 o1
Monitored group 95 826 (3.0) B83IB(6J) +1.2 (56}
Systolic
Intervention group 102 1225 (68) 1198 (76) —-26 (64) —1.3 (0.9} 1.55 061
Monitored group 99 1227 (7.0) 1215 (89) -1.3 (6.1)
Annual office visit
Intervention group 99 1222 (671 1185 (75} -37 (64} -20 (09) 210 018
Monitored group 95 1229 (7.0) 121.2 (9.0} —1.7 (6.4)

_Ee———-——-—-—-—— s ——————————————

*Median number of years from basefine to the last visit at the work site was 5.0 for the intervention group and 5.1
for the monitored group and at the annual office visits was 5.2 for the intervention group and 5.4 for the monitored
group. Median number of periodic measurements per participant at the semiannual work-site visits was 9.2 for the
intervention group and 9.3 for the monitored group and at the annual office visits was 4.3 for the intervention group

and 4.5 for the monitored group.
tValues in parentheses are SEs.
$One-sided test.

small. They nonetheless were statisti-
cally significant for diastolic BP in both
locations and for systolic BP at the an-
nual office visit, while of borderline sig-
nificance at the work site (£=.061).
These net differences based on trial av-
erage were almost identical to those ob-
served at b years.

Changes in Life-style Variables
for the Intervention and
Monitored Groups

Parallel with the more favorable out-
come in BP status, there were larger
changes in life-style in the intervention
compared with the monitored group.

Weight Change.—Mean weight loss
in overweight intervention group par-
ticipants was 2.0 kg (trial average
weight compared with baseline weight)
(Table 4). Since monitored group partic-
ipants gained an average of 0.8 kg dur-
ing the trial, net weight change for in-
tervention was —2.7 kg (P<.001). More
than 25% of overweight intervention
participants met the goal of loss of 4.5 kg
or more (trial average). The largest
group weight change was in the first
year, —4.1kg. In following years, some
weight was regained by intervention
participants so that the mean difference
from baseline was —2.4, —1.6, —0.9,
and —0.7 kg for succeeding anniversa-
ries. However, because monitored par-
ticipants gained weight after the first
year, net difference in weight change
between the groups was —3.9 kg at 1
yvear and —2.6, —2.4, —2.3, and —2.8
kg at succeeding years.

Urinary Sodium and Potassium.—
Sodium intake, as assessed by repeated
measurement of urinary sodium output,
was reduced by approximately 25% in

intervention participants vs 6% in the
monitored group (Table 4) (P<.001).
Approximately 13% of intervention par-
ticipants achieved and maintained the
sodium intake goal of less than 1800
mg/d (vs 1% at that level in the moni-
tored group). At baseline, 18% of the
intervention group had a daily intake
above 5400 mg (13.5 g of salt). The pro-
portion at this high level was reduced to
2% in the intervention group but re-
mained at 17% in the monitored group.
Modification in sodium intake among in-
tervention participants was maintained
throughout the trial and was greatest in
the third and fourth years (—31% and
—26%). As noted in the “Methods" sec-
tion, monitored participants supplied
urine samples annually, so only annual
samples (and not interim collections)
from the intervention group are includ-
ed for comparability. Intervention par-
ticipants (n = 10) supplying only interim
samples are excluded from Table 4.
When the analysis was repeated includ-
ing these 10 individuals, results were
unchanged.

Potassium excretion indicated little
change in intake, from 2684 mg/d at
baseline to a trial average of 2702 mg for
intervention and from 2662 to 2697 mg/d
for monitored participants. The sodium/
potassium molar ratio changed from 2.5
to 1.9 in the intervention group but was
almost unchanged in the monitored
group—2.7 at baseline and a trial aver-
age of 2.6.

Alcohol Intake.—Among self-re-
ported drinkers, mean daily intake at
baseline was 30.2 g of alcohol for inter-
vention members and 32.5 g for mon
tored participants, slightly more than
two alcoholic drinks daily (Table 4)
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Table 4. —Change in Weight, Sodium Output, and Alcohol Intake

Trial Net

Median No. of Periodic

Student's Measurements per
Baseline Average Change Change* 1 Test P Participant
we.gm kg (SD)t
Intervention group (n=95) 850 (11.5) 83.0 {11.1) -2.0 (4.5) -2.7 (0.6) 4.62 <001 9.2 {semiannual)
Monitored group (n=98) 85.7 (10.8) 86.5 (11.3) +08 (3.7) 9.3 (semiannual)
ﬂ.r;mry sodium
output, mg/d (SD)
Intervention group (n=92)  3980.4 (1446.8) 3038.9 (1137.9) 9415 (12159) -700.3 (164.0) 427 <001 4.5 (annual)
Monitored group (n =95} 4206.2 (15451) 4055.0 (12528} —-241.2 (10148} 4.7 (annual}
Alcohol intake,
reported g/d (SD)
Intervention group (n = 86) 30.2 (29.3) 203 (19.6) -9.9 (18.8) -22 (31) 0.70 242, not 4.1 (annual)
significant
Monitored group (n=90) 325 (32.4) 24.8 (20.6) -7.7 {23.1) 3.4 (annual)

Natmmmmmmmmwpmusmmhmmm Values in parentheses are SEs.

tParticipants with relative weight greater than 1.00

Both groups reported a reduction dur-
ing the trial, by an average 9.9 g
for intervention (—33%) and by 7.7 g
for monitored (—24%) participants, a
nonsignificant difference between the
groups in amount of change. The largest
reduction among intervention partici-
pants was in the first year (—35%); re-
ductions in subsequent years (compared
with baseline) were 29% at the second
year and 31% at the third, fourth, and
fifth annual visits,

Exercise. — Assessment depended,
first, on self-reporting by intervention
group members, and 75% reported an
increase in moderate physical activity.
Stationary bicyeling, brisk walking, and
jogging were the main activities. De-
crease in resting pulse rate was only
slightly higher in intervention than
monitored participants (—2.6 vs —2.2
beats per minute, respectively). How-
ever, improvement from baseline in re-
sponse to graded exercise tests per-
formed at 2 to 3 years was significantly
greater in the intervention than in the
monitored group, as reported earlier.™

Nutritional Changes. — Interven-
tion participants reported a 30% trial
average decrease in daily energy intake
(from 11 437 to 8068 .J [from 2723 to 1921
calories]) vs a 12% decrease for the mon-
itored group (from 11 621 to 10 256 J
[from 2767 to 2442 calories]). In recom-
mendations to the intervention group,
dietary modification to achieve both
weight loss and improved composition
emphasized reduction in total fat, satu-
rated fat, and dietary cholesterol. For
intervention participants, reported to-
tal fat was reduced from 42.0% of calo-
ries at baseline to 35.3% of total calo-
ries, saturated fat from 15.8% to 12.5%,
and dietary cholesterol from 188 mg per
4200 J (1000 calories) to 169 mg per 4200
J (1000 calories). In contrast, chahges in
the monitored group were small for to-
tal fat (from 41.6% to 40.2% of calories)
and saturated fat (from 15.6% to 14.8%),
while dietary cholesterol remained es-
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sentially unchanged (178 and 177 mg per
4200 J [1000 calories]). With reported
calorie reduction, absolute values of
other nutrients (protein, polyunsatu-
rated fat, carbohydrates, and potassi-
um) fell in both groups but changed little
as a percentage of calories. Reported
caleium intake was reduced in the inter-
vention group from 800 to 650 mg/d but
increased per 4200 J (1000 calories)
(from 293 to 342). Change was minimal
in the monitored group.

Smoking cessation was reported by 3
of 25 intervention smokers and 10 of 38
monitored smokers; the lower quit rate
in the intervention group perhaps relat-
ed to the multiplicity of life-style
changes recommended to that group,
with a major focus on nutritional
change.

Relationship Between Nutritional
Changes and Changes in BP and
Other Variables in the Intervention
Group

Changes in BP.—All results de-
scribed previously herein compared the
two randomized groups, intervention
and monitored. To examine further the
relation between the nutritional pro-
gram and BP, epidemiologic analyses
were made of outcome within the inter-
vention group based on amount of
change made in two major intervention
areas: weight and sodium intake.

In one analysis, for each of these va-
riables the group was divided into those
above and those below median change.
Median weight change in the whole in-
tervention group was a loss of 1.4 kg,
The average decrease in the half losing
more weight was 5.3 kg; the average
change in the other half was a gain of
1.4 kg (Table 5). Diastolic. BP was re-
duced 2:3 mm Hg in the successful los-
ers vs 0.5 mm Hg in the other half of the
intervention: ‘group (P=.035). Those
who lost weight had a reduction of 4.4
mm Hg in systolic BP vs 1.1 mm Hg in
those with little or no weight loss or
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with weight gain (P =.007).

A similar analysis was performed
regarding change in sodium intake. Me-
dian group change was a reduction of
1012 mg/d. In the half making more
change ( — 1842 mg of sodium per day),
trial average diastolic BP was reduced
by 1.5 mm Hg and systolic BP was re-
duced by 3.0 mm Hg. In the half with
less sodium change (—88 mg), BP re-
duction was less than that in the suc-
cessful sodium changers (1.2 mm Hg for
diastolic and 1.9 for systolic BP); the
difference between the two halves was
not significant. In simple correlation an-
alyses, weight reduction in the inter-
vention group was related significantly
to average change during the trial in
both systolic and diastolic BP (r=.31for
both, P<.001). Sodium restriction also
was related to systolic BP changes; the
coefficient was smaller than for weight
(r=.14, P=.089). Correlation of sodi-
um intake change with diastolic BP was
small (r=.08) and nonsignificant.
Changes in these two intervention vari-
ables were related significantly to each
other (r=.28, P=.040). The spontane-
ous changes in weight in the monitored
group also were related significantly to
changes in BP.

Weight increased by 1% in the 9 per-
sons with incident hypertension in the
intervention group but decreased by 3%
in the 93 intervention participants who
remained nonhypertensive. Sodium re-
duction was 717 mg/d in incident hyper-
tensives and 984 mg/d in nonhyperten-
sives; reported daily aleohol intake was
reduced by b g in incident hypertensives
and 9 g in the remainder.

In multiple regression analyses there
was a significant relationship between
weight. change and change in BP, while

for sodium and alechol change the rela-
. tionship was not independently signifi- '

cant. The :regression, coefficient  for
weight change indicated that a differ-
ence of 4.5 kg was associated with a
difference of 2.1 mm Hg in systolic BP
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Table 5.—Weight Change and Work-Site Trial Average Blood Pressure for the Intervention Group*

) Those Who Those Who
' “Lost More Than the Lost Lass Than the
Median Group Losst Median Group Loss
{n=47) {n=48) .
Meah weight change, kgt -53 . +15
" Diaswobe Blood pressire, mm Hg (SD) ; 3
Basaline 83.0 (2.6 82.1 (3.3)
Trial average B80.6 (5.4) B1.6 (5.1)
Change -23 (5.0 -0.5 (4.5
t=1.84, P~ 035
Systolic blood pressure, mm Hg (SD) :
Baseline 123.5 (6.2) 121.2 (6.2)
Trial average 119.1 (8.1) 120.1 (6.4)
Change -4.4 (6.7} —1.1 (6.0}
t=2.53, P=.007 N

*Participants with baseline relative weight greater than 100.0 were included.

tMedian change for the intervention group in trial average weight was

{Difference between baseline and trial average.

and 1.5 mm Hg in diastolic BP.

Changes in Biochemical Varia-
bles. —Successful weight change in the
intervention group also was related to
favorable trial average changes in levels
of serum cholesterol, glucose, and tri-
glycerides. The net difference was cal-
culated by comparing differences be-
tween trial average and baseline levels
in the more vs the less suecessful weight
losers. In these comparisons, the net
difference in serum cholesterol levels
was (.17 mmol/L, in serum fasting glu-
cose levels was 0.28 mmol/L, and in fast-
ing triglyceride levels was 0.26 mmol/L,,
all favorable to the half of the group
losing more weight.

COMMENT

While recent randomized trials re-
port positive results using nutritional
therapy as replacement for drug treat-
ment in persons with confirmed hyper-
tension,”” the trial reported herein is
the first long-term trial on efficacy of
multifactor nutritional-hygienie inter-
vention for primary prevention of hy-
pertension. To our knowledge, the only
other trial in adults with a similar aim is
the 3-year Hypertension Prevention
Trial.* The central finding of the pre-
sent investigation was the significant
difference during the 5 years of study in
the incidence of hypertension between
the life-style intervention group (8.8%)
and the monitored (control) group
(19.2%). The relative risk of incidence of
hypertension in the control group was
2.4.

There also were small differences in
favor of the intervention group com-
pared with the monitored group in trial
average BPs measured at the work site,
in both diastolic BP (—1.2 mm Hg,
P =.049) and systolic BP (- 1.3 mm Hg,
P=.061). While from a clinical view-
point such differences in BP in a single
patient are considered small, group dif-
ferences of that dimension have impor-
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tance since a higher group average re-
flects a shift of the group to higher BP
levels, with a concomitant higher pro-
portion frankly hypertensive. This was
seen herein in the more than two-to-one
difference in the incidence of hyperten-
sion in the monitored vs intervention
group.

Since a randomized trial using life-
style modifications could not be com-
pletely blinded, several steps were tak-
en to reduce bias in the assessment of
end points, In regard to the incidence of
hypertension, the decision to initiate
treatment with antihypertensive medi-
cation for participants was not made by
the study physician but rather by the
personal physician. While the study
could not ensure that the private physi-
cian followed standard criteria for initi-
ating drug therapy, a review of study
records indicated that for monitored
participants taking medication, diastol-
ic BP measured at the work site 6
monthg prior to prescription was, in
fact, elevated (average diastolic BF,
91.7 mm Hg).

Since intervention participants could
be less motivated to turn to pharmaco-
logic treatment of elevated BP, to re-
duce possible bias a second eriterion for
incidence of hypertension was used,
namely, a rise in work-site diastolic BP
(=90 mm Hg), with a sustained average
at that level thereafter. Further, staff
who measured BP were blinded as to
group assignment of participants and
they used the random zero mercury ma-
nometer, which also helps reduce mea-
surement bias.

Together with the central compari-
sons between the two randomized
groups, relation within the intervention
group of change in life-style to change in
BP was examined. In these essentially
epidemiologic analyses, the greater the
weight change, the greater the change
in BP. The half of the intervention
group that lost more than the median

group weight loss had a reduction in
work-site systolic' BP of 4.4 mm Hp,
significantly greater than the 1.1-mm
Hg reductionin the half with less weight
loss or even weight gain. A similar dif-
ference was observed for diastolic BP

' (~2.3 vs —0.5 mm Hg), Similar though

smaller differences were seen when
comparison of BP change was made
within the intervention group based on
reduction in sodium intake.

An additional benefit observed within
the intervention group was the effect of
weight loss on levels of serum cholester-
ol, serum glucose, and serum trigly-
cerides.

Overall, study results indicate that a
modest program based on nutritional
steps to reduce overweight, high salt
intake, and high alcohol intake, accom-
panied by an increase in moderate exer-
cise, can contribute to prevention of
hypertension. A finding possibly of con-
siderable practical importance was the
much higher incidence of hypertension
in smokers than nonsmokers in the mon-
itored group. A few previous data sets
from population studies have indicated
such a relationship,® but prospective
data on smoking and risk of high BP are
sparse.

While a sizable proportion of inter-
vention participants (from one fourth to
one third) met study goals for reduction
of overweight and excess salt and alco-
hol intake, overall changes in the inter-
vention group were modest. Based on
the greater BP response of those who
made greater changes, it is reasonable
to assume that if more substantial im-
provements in life-styles were made,
the effect on BP would be more sizable
than that observed in the present study.

In this group of relatively young
adults (30 to 44 years at entry), 1in 5
persons in the control group moved
from a status of hypertension-prone to
hypertensive during the 5 years of the
trial compared with 1 in 11 persons in
the life-style intervention program.
Since an estimated 10 million men and
women in the Unted States in this age
range have high-normal BP,"” ie, dia-
stolic 80 to 89 mm Hg, the level repre-
sented by participants in this study, po-
tential saving in hypertension incidence
(and concomitant added risk of coronary
disease and stroke) could be as large as 1
million cases over 5 years. Savings in
numbers of cases among older persons
would enlarge this potential even
further.

Participants in the trial apparently
were healthy, active people recruited
by work-site population screening, not
patients in an ambulatory-care or hospi-
tal setting. It seems reasonable to infer
that the findings in this group are gener-
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alizable to wider sections of the popula-
tion. Thisis particularly true since these
interventional findings on the relation
of BP to weight and intake of sodium
and aleohol are in keeping with epidemi-
ologic findings in large population stud-
ies.” Results also are congruent with the
interim report of the Hypertension Pre-
vention Trial, whose findings on lower
BP with nutrition intervention are simi-
lar to those of our group. ™

Implementation of a strategy of pri-
mary prevention of hypertension by
safe nutritional-hygienic means would
seem to be appropriate as a necessary
complement to the ongoing effort of ear-
ly detection and effective treatment
(nonpharmacologic and pharmacelogic)
for those with high BP already
established.'
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