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The PREMIER trial assessed the aggregate effect
on blood pressure (BP) of nationally recommended
lifestyle modifications in free-living adults with
high-normal (stage 1) hypertension. Participants
(N=810) were randomized to the advice-only group;
the established group (consisting of weight loss,
increased physical activity, and reduced sodium

and alcobol intake); or the established plus Dietary
Approaches to Stop Hypertension (DASH) diet
group (consisting of the established interventions in
addition to the DASH dietary pattern). The primary
outcome was change in systolic BP at 6 montbs.
Net of advice only, mean systolic BP declined by
3.7 mm Hg for members of the established group
(p<0.001) and 4.3 mm Hg for the established plus
DASH group (p<0.001). The prevalence of hyper-
tension decreased from a baseline of 38% to 17%
in the established group (p=0.01) and to 12% in the
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established plus DASH group (p<0.001) compared
with a decrease to 26% in the advice-only group.
The PREMIER trial demonstrated that persons
with above-optimal BP and stage 1 hypertension
can make multiple lifestyle changes leading to better
control of BP. (] Clin Hypertens. 2004;6:383-390)

©2004 Le Jacq Communications, Inc.

ypertension is highly prevalent in the United

States; approximately 25% of the population
is affected.! This prevalence is expected to increase,
and although hypertension affects a large portion
of the population, recognition and adequate treat-
ment are less than ideal.?

Hypertension is an independent risk factor for
cardiovascular disease with a continuous relation-
ship between blood pressure (BP) level and the risk
of cardiovascular disease events.® Recent studies
have found an elevated risk for cardiovascular dis-
ease events at BP levels categorized as high-normal
by the sixth report of the Joint National Committee
on the Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure (JNC VI).**
In response to this evidence, the seventh report
of the JNC (JNC 7)? created a new category of
hypertension, “prehypertension,” which is defined
as systolic BP of 120-139 mm Hg or diastolic BP
of 80-89 mm Hg.? Patients in this category are at
increased risk for progression to hypertension.®

Current national guidelines recommend nonphar-
macologic therapy for primary prevention and treat-
ment of hypertension.>* This includes lifestyle modi-
fications such as weight loss in those who are over-

Q www.lejacq.com weight or obese, increased physical activity, dietary

VOL. VI NO. VII JULY 2004 THE JOURNAL OF CLINICAL HYPERTENSION 383

The Journal of Clinical Hypertension (ISSN 1524-6175) is published monthly by Le Jacq Communications, Inc,, Three Parklands Drive, Darien, CT 06820-3652. Copyright ©2004 by Le Jacq Communications, Inc., All rights reserved. No
part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopy, recording, or any information storage and retrieval system, without permission in writing
from the publishers. The opinions and ideas expressed in this publication are those of the authors and do not necessarily reflect those of the Editors or Publisher. For copies in excess of 25 or for commercial purposes, please
P3| contact Sarah Howell at showell@lejacg.com or 203.656.1711 x106.

OTICE




LE JA

384

COMMUNICATIONS

sodium reduction, limited alcohol consumption,
and the Dietary Approaches to Stop Hypertension
(DASH) diet pattern.> Although it was recommended
by JNC VI to implement these lifestyle modifications
as first-line treatment for up to 6 months in patients
with stage 1 hypertension and no evidence of target
organ damage, no trial has tested the combined effect
of simultaneously implementing all recommended
interventions.*’~1° In addition, the efficacy of the
DASH dietary pattern was originally studied in a
controlled-feeding trial'! and its effectiveness in free-
living adults had not been evaluated.

The PREMIER trial was designed to assess the
ability of free-living adults with high-normal or
stage 1 hypertension to make multiple, simulta-
neous lifestyle modifications and to assess their
aggregate effect on BP. In addition, the investiga-
tors sought to evaluate the combined effect on BP
of the DASH diet with the other recommended life-
style interventions. The major findings have been
published'? and are summarized in this article.

DESIGN OF STUDY

The study design has been discussed in detail else-
where.!3 The PREMIER trial was a multicenter,
randomized controlled trial designed to assess
the combined effect of lifestyle interventions on
BP in patients with high-normal BP or stage 1
hypertension who met the criteria for a 6-month
trial of nonpharmacologic therapy as defined by
JNC VL* The National Heart, Lung, and Blood
Institute sponsored and participated in the trial.
Participating centers included Duke University
Medical Center, Durham, NC; Kaiser Permanente
Center for Health Research, Portland, OR; Johns
Hopkins Medical Center, Baltimore, MD; and
Pennington Biomedical Research Center, Baton
Rouge, LA. The Center for Health Research also
served as the coordinating center.

Participants were generally healthy, community-
dwelling adults with above-optimal BP or stage 1
hypertension in whom a 6-month trial of lifestyle
modification was the initial step in management of
elevated BP. Inclusion criteria included a systolic
BP of 120-159 mm Hg and diastolic BP of 80-95
mm Hg, without antihypertensive treatment, based
on mean BP across three screening visits. Other
inclusion criteria were age =25 years and body
mass index between 18.5 and 45. Major exclusion
criteria included evidence of target-organ damage,
clinical cardiovascular disease, or diabetes mellitus
and regular use of antihypertensive medications.

Eligible participants were randomized to one of
three interventions: the advice-only group; the estab-
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lished group, consisting of weight loss, increased
physical activity, reduced dietary sodium intake,
and reduced alcohol intake; or the established plus
DASH group, consisting of the established-group
interventions as well as adoption of the DASH
dietary pattern. An intensive intervention program
occurred in the initial 6-month period, followed
by an additional, less intensive intervention period
of 12 months. Participants randomized to the
advice-only intervention had a single, 30-minute,
individual session with a trained interventionist
immediately following randomization. At this visit,
participants received education on the recommend-
ed guidelines for nonpharmacologic BP control and
were provided with printed educational materials.
Upon completion of the 6-month follow-up mea-
surements, advice-only participants had another
30-minute session with an interventionist.

In contrast to the advice-only intervention, the
active interventions consisted of 18 intervention
contacts over 6 months (14 group meetings and
four individual meetings). The established and
established plus DASH intervention groups shared
the same format and contact pattern. Goals for
physical activity, sodium intake, alcohol intake,
and weight loss were the same in these two groups
(Table I). In addition, the established plus DASH
intervention group participants received specific
instructions about the DASH diet.

Trained, certified study personnel blinded to the
participants’ randomization assignments measured
BP using a random zero sphygmomanometer.
Baseline BP was the average of eight BP readings
over four visits. BP reading at 6 months was the
average of six BP readings over three visits.

The primary outcome of the study was change in
systolic BP from baseline to 6 months. The advice-
only intervention group served as the control.
The effects on systolic BP and other outcomes of
the established group and established plus DASH
group interventions were compared with that of
the advice-only intervention. In addition, effects of
the established intervention were compared with
the established plus DASH intervention. Secondary
outcomes included diastolic BP at 6 months, sys-
tolic and diastolic BP at 18 months, and the inci-
dence and prevalence of hypertension at 6 and 18
months. Hypertension was defined as systolic BP
=140 mm Hg or diastolic BP 290 mm Hg.

RESULTS

Lifestyle Changes

A total of 810 participants were enrolled in the
study. The baseline characteristics were similar
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among the randomized groups. Thirty-eight per-
cent of the participants had hypertension, with
mean systolic and diastolic BPs of 143.9 mm Hg
and 87.5 mm Hg, respectively. In the participants
without hypertension, baseline mean systolic and
diastolic BPs were 129.5 mm Hg and 83.2 mm
Hg, respectively. For the entire study sample, mean
age was 50.0 years, 62% were women, 34% were
African American, and only 5% had a body mass
index <25.

Several indicators of adherence revealed that
many participants in all interventions were able to
adopt multiple lifestyle changes. In the active inter-
vention arms, intervention session attendance was
high, with 70% of the established group and 78%
of the established plus DASH group participants
attending at least 15 sessions. Only 8% and 7% of
the established and established plus DASH group
participants, respectively, attended five sessions or
fewer. Participants in all three interventions made
lifestyle changes; however, more participants in the
established and established plus DASH interven-

Table I. Goal Lifestyle Changes in the Active Intervention
Arms of the PREMIER Trial

ESTABLISHED +

INTERVENTION ESTABLISHED DASH
Fat (%) <30 <25
Saturated fat (%) <10 <7
Fruits/vegetables Not specified 9—12 Servings/d
Dairy Not specified 2-3 Servings/d
Physical activity 180 minute/wk
Sodium <100 mmol/d
Alcohol

Men <1 oz/d

Women <0.5 oz/d
Weight loss =15 Ib at 6 months

(BMI >24.9)

DASH=Dietary Approaches to Stop Hypertension diet;

BMI=body mass index

tion groups achieved lifestyle modification goals
(Table II). Participants in the established plus
DASH intervention group had additional dietary

Table II. Intervention Outcomes in the PREMIER Trial: Mean Change From Baseline and Percent of Participants Meeting
Intervention Goals at 6 Months
P VALUE*
ESTABLISHED
EsTABLISHED + DASH ESTABLISHED
ADVICE ESTABLISHED vs. ADVICE vs. ADVICE + DASH vs.
INTERVENTION OUTCOME ONLY ESTABLISHED + DASH ONLy ONLY ESTABLISHED
Weight loss
Mean change (kg) -1.1 —4.9 -5.8 <0.001 <0.001 0.07
Weight loss >15 Ib 15/242 (6.2) 68/238 (28.6) 80/233 (343)  <0.001 <0.001 0.18
(n/total [%])
Urinary sodium
Mean change (mEq/24 h) -20.6 -31.6 -32.6 0.01 0.12 0.36
Urinary Sodium <100 mmol/d ~ 42/215 (19.5)  80/212 (37.7) 59/211 (28) <0.001 0.04 0.03
(n/total [%])
Fruits and vegetables
Mean change (servings/d) 0.5 0.5 3.0 0.79 <0.001 <0.001
Fruits and vegetables =9 15/232 (6.5)  14/227 (6.2)  78/230 (33.9) 0.9 <0.001 <0.001
servings/d (n/total [%])
Dairy products
Mean change (servings/d) 0.1 -0.2 0.5 0.02 <0.001 <0.001
Dairy products 22 servings/d 781232 (33.6)  64/227 (28.2)  136/230 (59.1) 0.21 <0.001 <0.001
(n/total [%])
Total fat
Mean change (% kcal) -1.0 -39 -9.5 <0.001 <0.001 <0.001
Fat <25% kcal/d (n/total [%]) 41/232 (17.1)  66/227 (29.1)  135/230 (58.7) 0.004 <0.001 <0.001
Saturated fat
Mean change (% kcal) —0.4 -1.5 —-3.3 <0.001 <0.001 <0.001
Saturated fat <7% keal/d 36/232(15.5)  60/227 (264)  107/230 (46.5) 0.004 <0.001 <0.001
(n/total [%])
DASH-=Dietary Approaches to Stop Hypertension diet; *corresponding pairwise differences in change for mean changes corre-
sponding to pairwise differences at 6 months from logistic regression analysis for percent meeting goal lifestyle change
Reprinted with permission from JAMA. 2003;289:2083-2093.12 ©2003 American Medical Association. All rights reserved.
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goals for fruit/vegetable, dairy, and total fat/satu-
rated fat intake (Table I). More than 33% of the
participants in the established plus DASH interven-
tion group consumed =9 servings/d of fruits and
vegetables. Fifty-nine percent reached dairy intake
goals of =2 serving/d, whereas 58.7% and 46.5%
met study goals for intake of total fat (=25%) and
saturated fat (=7%), respectively.

Due to several comparable intervention goals,
there were a number of similarities in intervention
outcomes for the active intervention arms. There
were no statistically significant differences between
the established and established plus DASH inter-
vention groups for physical activity, fitness, alcohol
intake, or sodium intake. On average, all groups
lost weight, with the established and established
plus DASH participants losing a greater amount
compared with the advice-only participants.
Compared with the advice-only and established
interventions, participants in the established plus
DASH intervention group made statistically signif-
icant increases in intake of fruits, vegetables, and
dairy. Changes in total fat and saturated fat intake
were also greater for those in the established plus
DASH intervention.

Blood Pressure Effects

During the 6-month period, BP declined in each
group (Figure 1). Mean BP decreased 6.6/3.8 mm
Hg for the advice-only group, 10.5/5.5 mm Hg
for the established group, and 11.1/6.4 mm Hg
for established plus DASH group. Patients with
hypertension had greater reductions in both sys-
tolic and diastolic BP than those without hyper-
tension. In participants with hypertension, mean
systolic BP was reduced by 7.8, 12.5, and 14.2
mm Hg, respectively. Diastolic BP was reduced by
3.8, 5.8, and 7.4 mm Hg, respectively. Participants

without hypertension reduced mean systolic and
diastolic BPs by 5.8/3.8 mm Hg, 9.4/5.3 mm Hg,
and 9.2/5.8 mm Hg, respectively.

Comparing BP reduction achieved in the advice-
only intervention, the decrease in the mean systolic
and diastolic BPs in both intervention arms was
statistically significant (Table III). The significant
decrease in systolic and diastolic BPs in the active
intervention arms was consistent across all par-
ticipants (including persons with and without
hypertension). Although the reduction in mean
systolic and diastolic BP was consistently greater in
the established plus DASH intervention compared
with the established intervention, this did not reach
statistical significance.

At the end of 6 months, the prevalence of
hypertension declined from a baseline of 38% in
all three arms. Those who received advice only had
a prevalence of hypertension of 26%. Compared
with the advice-only intervention group, the preva-
lence of hypertension at 6 months was significantly
lower in both active intervention arms: 17% in
the established group (p=0.01) and 12% in the
established plus DASH group (p<0.001) (Figure
2). Among patients with hypertension at random-
ization, 52% still had hypertension at 6 months in
the advice-only arm, whereas only 34% of partici-
pants in the established group (p=0.01 vs. advice
only) and 23% of participants in the established
plus DASH arms remained hypertensive (p<0.001
vs. advice only; p=0.10 vs. established). Incident
hypertension developed in 11% of patients with-
out hypertension in the advice-only arm at 6
months whereas only 8% in the established group
and 6% in the established plus DASH group devel-
oped hypertension. The differences in incident
hypertension between treatment arms were not
statistically significant.

Table III. Mean Between-Group Differences in Blood Pressure (BP) Change in All Participants, Participants Without
Hypertension, and Participants With Hypertension in the PREMIER Trial

CHANGE IN ESTABLISHED MINUS
CHANGE IN Apvice ONLY

CHANGE IN EstaBLISHED + DASH CHANGE IN EstaBLisuED + DASH
Minus CHANGE IN ApvicE ONLY

Minus CHANGE IN ESTABLISHED

MEean P VALUE MEeanN P VALUE MEean P VALUE

Systolic BP

All -3.7 <0.001 4.3 <0.001 -0.6 0.43

Nonhypertensives -3.1 0.003 -3.1 0.002 0 0.97

Hypertensives —4.6 <0.001 -6.3 <0.001 -1.7 0.2
Diastolic BP

All -1.7 0.002 -2.6 <0.001 -0.9 0.11

Nonhypertensives -1.6 0.027 -2 0.005 -0.4 0.53

Hypertensives -2 0.025 -3.6 <0.001 -1.6 0.08

DASH-=Dietary Approaches to Stop Hypertension trial
Reprinted with permission from JAMA. 2003;289:2083-2093.'2 ©2003 American Medical Association. All rights reserved.
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Figure 1. Mean systolic blood pressure (SBP) and diastolic blood pressure (DBP) over time by randomization group.
DASH=Dietary Approaches to Stop Hypertension. Reprinted with permission from JAMA. 2003;289:2083-2093.12
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Optimal BP control (BP <120/80 mm Hg) was
achieved in significantly more participants in the
two active intervention arms (30% in the estab-
lished group, 35% in the established plus DASH
group) than in the advice-only arm (19%) (Figure
3). This effect was seen regardless of hypertension
status at baseline. Twelve and 13% of participants
with hypertension achieved optimal BP in the
established and established plus DASH interven-
tions, respectively. Only 3% of advice-only partici-
pants with hypertension at baseline had optimal BP
at 6 months. In participants with prehypertension,
48% of those in the established plus DASH group,
40% of those in the established group, and 29%

VOL. VI NO. VII JULY 2004

of those in the advice-only group achieved optimal
BP at 6 months.

DISCUSSION

The PREMIER trial showed that free-living adults
with above-optimal BP and stage 1 hypertension
were able to implement multiple lifestyle modifica-
tions concurrently. Participants in the established
and established plus DASH interventions lost weight
and reduced dietary intake of sodium, fat, and satu-
rated fat. In the established plus DASH interven-
tion, participants significantly increased their fruit,
vegetable, and dairy intake. These interventions
significantly reduced BP, resulting in a decreased
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Figure 2. Percentage of participants with hypertension at 6 months by randomization group. DASH=Dietary Approaches
to Stop Hypertension; *baseline prevalence o{ hypertension was similar (37%-38%) in each group. Reprinted with per-

mission from JAMA. 2003;289:2083-2093.!

prevalence of hypertension and increased numbers
of participants with optimal BP levels.

PREMIER participants represented a diverse
population both demographically and geographi-
cally. Four centers were involved with partici-
pants from the south, mid-Atlantic, and northwest
regions of the United States. A range of educational
and income levels were represented. More than
half of the participants were women and more
than one third were African American. Adherence
to recommended lifestyle modifications was sig-
nificant in both active interventions and across
all sex-race subgroups. The effectiveness of the
PREMIER interventions in this diverse group sup-
ports the applicability of current recommendations
for lifestyle modifications to the general public.

The reduction in BP achieved with the combined
lifestyle interventions was essentially equivalent
to that obtained with antihypertensive medica-
tion monotherapy. When implemented as first-line
therapy in patients with stage 1 hypertension, the
established and established plus DASH interven-
tions reduced the number of participants who
met criteria to initiate antihypertensive therapy
at 6 months by 66% and 77%, respectively. The

©2003 American Medical Association. All rights reserved.

active interventions were also effective in prevent-
ing hypertension. Implementing these interven-
tions in the general population could potentially
decrease the need for medications and associated
monitoring for medication side effects, and ulti-
mately, could result in prevention of cardiovascular
events.!* Further study of the effect of lifestyle
modification on the prevention of cardiovascular
events needs to be conducted.

A subadditive effect of multiple lifestyle modifica-
tions was seen in the PREMIER trial. This finding
is consistent with other trials that implemented the
combined effects of more than one lifestyle modifi-
cation.””'% The established plus DASH intervention
group participants did not have a statistically signifi-
cant reduction in BP end points compared with the
established intervention. Whereas the DASH trial
was an efficacy study with controlled-feeding design,
the PREMIER trial was an effectiveness study that
assessed the ability of free-living adults to implement
this dietary pattern. Despite marked improvements in
fruit and vegetables intake, most participants did not
reach the goal of nine servings a day achieved in the
DASH trial. Decreased adherence may have resulted
in a smaller dose, of sorts, of the DASH dietary
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Figure 3. Percentage of participants with optimal blood pressure at 6 months by randomization group. DASH=Dietary
Approaches to Stop Hypertension. Reprinted with permission from JAMA. 2003;289:2083-2093.* ©2003 American
Medical Association. All rights reserved.

pattern, thereby diminishing the full BP effect seen ventions in the trial was weekly group sessions led by
in the original DASH trials. Subadditivity may also a trained interventionist. Until intervention programs
have been caused by the inability of participants to are widely available, clinicians and other members of
fully adhere to multiple lifestyle interventions simul- the medical care team can use one-on-one counsel-
taneously. However, there was a trend toward greater ing to play a significant role in educating patients
reductions in BP and hypertension prevalence, with about healthful lifestyles. An encouraging fact is that
resulting increases in those with optimal BP in the participants in the advice-only arm of the PREMIER
established plus DASH group compared with the trial made lifestyle modifications using this type of
established group. This suggests there is likely an intervention. A few extra moments spent counsel-
additional BP benefit with the addition of the DASH ing patients on nonpharmacologic interventions for
dietary pattern to other nonpharmacologic recom- BP control could translate into clinically significant
mendations. Although addition of the DASH diet did reductions in BP. Resources to help educate patients
not lead to statistically significant reductions in mean on lifestyle modifications and the DASH dietary pat-
BP levels compared with the established-group’s life- tern are available from government sources at no cost
style modifications alone, the DASH diet has health (www.nhlbi.nih.gov/health/public/heart/hbp/dash/).
benefits beyond BP reduction. It favorably affects In addition, physicians can help patients make
lipids,'> homocysteine levels,'® and possibly reduces lifestyle modifications by utilizing several simple
osteoporosis risk.!” In addition, eating a prudent behavior-counseling techniques.?’?? First, physi-
dietary pattern similar to the DASH diet may lead to cians should assess a patient’s readiness to change.
reduced cardiovascular disease events and mortali- Second, physicians should help patients set a real-
ty.!51° Thus, the DASH diet should be recommended istic goal and formulate an action plan to achieve
as a lifestyle modification because of its ability to that goal. Third, physicians should help patients
both improve overall health and BP. self-monitor progress toward the goal. Physician-
Translating the PREMIER interventions into a tra- initiated lifestyle modification can be followed-up
ditional clinic setting may be difficult given time and on with the help of ancillary personnel such as
resource constraints. A key component of the inter- nurses, dietitians, and pharmacists.
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Although PREMIER was a well designed effec-
tiveness trial, further studies of translation and dis-
semination into realistic clinic settings are needed
to provide additional insight into the implications
for nonpharmacologic management of hyperten-
sion. Studies of cost-effectiveness will also be
beneficial to encourage insurers to provide this
program as a benefit.

CONCLUSION

The PREMIER trial showed that comprehensive
lifestyle modifications are achievable and effective.
These results are applicable to the general popula-
tion. The effect of adding the DASH dietary pat-
tern to previously established nonpharmacologic
recommendations for BP control was subadditive.
However, the DASH diet has numerous potential
health benefits and comprehensive nonpharmaco-
logic measures should be promoted for prevention
of hypertension and as adjunctive treatment in
hypertension management.
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