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A Further Subgroup Analysis of the Effects of the DASH
Diet and Three Dietary Sodium Levels on Blood
Pressure: Results of the DASH-Sodium Trial

George A. Bray, mp, William M. Vollmer, php, Frank M. Sacks, mp,
Eva Obarzanek, pho, Laura P. Svetkey, mp, and Lawrence J. Appel, mp, for the DASH
Collaborative Research Group

This study presents an extensive analysis of the effects
on blood pressure (BP) of changes in sodium intake
over a wide array of subgroups, including joint sub-
groups defined by age and hypertension status, race
or ethnicity and hypertension status, and gender and
race or ethnicity. Participants were given 3 levels of
sodium (50, 100, and 150 mmol/2,100 kcal) for 30
days while consuming the Dietary Approaches to
Stop Hypertension (DASH) diet (rich in fruits, vegeta-
bles, and low-fat dairy) or a more typical American
diet. Within each diet and subgroup, there was a
general pattern such that the lower the sodium level,
the greater the mean reduction in BP. Sodium reduc-
tion from 100 to 50 mmol/2,100 kcal generally had
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twice the effect on BP as reduction from 150 to 100
mmol/2,100 kcal. Age had a strong and graded
influence on the effect of sodium within the typical
and DASH diets, respectively: —4.8 and —1.0 mm Hg
systolic for 23 to 41 years, —5.9 and — 1.8 mm Hg for
42 to 47 years, —7.5 and —4.3 mm Hg for 48 to 54
years, and —8.1 and —6.0 mm Hg for 55 to 76
years. The influence of age on the effect of sodium
reduction was particularly strong in nonhypertensive
patients: —3.7 mm Hg systolic for <45 years and
—7.0 mm Hg for >45 years with the typical diet and
—0.7 and —2.8 mm Hg with the DASH diet. Reduced
sodium intake and the DASH diet should be advo-
cated for the prevention and treatment of high BP,
particularly because the benefits to BP strengthen as
subjects enter middle age, when the rate of cardio-
vascular disease increases sharply. ©2004 by Ex-

cerpta Medica, Inc.
(Am J Cardiol 2004;94:222-227)

Two recent trials have shown that changing dietary
patterns and sodium intake can significantly affect
blood pressure (BP). In the Dietary Approaches to
Stop Hypertension (DASH) trial,! a diet rich in fruits,
vegetables, and low-fat dairy products and reduced in
total and saturated fat content (the DASH diet) signif-
icantly reduced systolic and diastolic BP relative to a
more typical American diet.2 The average sodium
intake in that trial was held constant (approximately
135 mmol/day) at levels slightly less than the current

average American intake. The subsequent DASH-So-

0002.9149/04/%-see front matter
dei:10.1016/j.amjcard. 2004.03.070



TABLE 1 Mean = 5D BP in Participants Eating the Control Diet and the DASH Diet at Three Levels of Dietary Sodium, by Baseline
Characteristics
Systolic BP by Sodium Level Diastolic BP by Sodium Level
[mm Hg] (mm Hg:l
Characteristic Diet n Higher Intermediate Lower Higher  Intermediate Lower
Naonhypertensive Control 121 |20 P25 7 122 £ 6 816 Bl =6 79 *
DASH 123 122=x=9 121 = @ 120 = 9 79+6 78 =7 7Bxé
Sloge 1 hyper[ension Control 83 141 = 11 139 = 12 133 =11 B& + 7 85+ 6 B2 +6
DASH 85 134 =11 133 =12 129211 B84 =7 84 =7 B2 =&
Alfrican-American Control 115 134 =12 131 = 12 126 x10 B84 =7 826 806
DASH 119 12811 127 = 12 125211 82=7 8l =8 80 =6
Non-African-American Centrol 89 131 11 120 = 12 1272400, B=7 82 =06 8 Bnesilo)
DASH 89 125= 11 124 = 11 12310 80 =7 80 7 79 x4
Men Control 23 131 =11 127 =10 12529 B4 =7 82 =46 8l =6
DASH 85 12511 124 = 11 123210 81 =7 8l =7 80 =6 |
Women Control 111 135+ 12 133 =13 127 = 11 B3 =7 827 B0 =46
DASH 123 128 =11 127 = 13 124201 8l.=7 807 79 >7
Age =45 yrs Control 75 128=x10 126 = @ 12327 B3 =7 836 BO+6
DASH @7 125 =11 124 = 11 124 + 10 81 =7 81 =7 8l =7
Age >45 yrs Control 129 136 = 12 133 =+ 13 128 +11 B4 =7 82 +7 80 = 6
DASH 111 129+ 12 127 = 12 124 11 80 =7 807 796
Income <$45,000 k Control 118 134 x 12 132 =13 12771 837 827 80 =6
DASH 1M1 127 =212 126 £ 13 12512 80=x7 80+8 797 |
Income =$45,000 k Control 80 131 =11 127 =9 125 %9 B4 =7 825 81 =6 |
DASH @3 12610 125 = 11 123 =29 82+ 6 81 =7 80 =5 |
Education =high school Control 42 136=13 132=12 12811 B4=+8 B2.x6 796 |
DASH 28 131 =11 120 =12 12812 81 =7 80+ 8 79.=7 |
Education > high school Control 161 132 %11 130 = 11 12610 83=x7 82 4 80=¢ |
DASH 179 126 =11 125 = 12 12310 81 =7 81 =7 80 =6 |
No family history of hypertension Control 71 13211 129 = 10 1259 84 +6 83 x6 80=6
DASH 58 129 %12 126 = 11 124 = 11 Bl x4 7? x4 7?2 =6
With family history of hypertension Control 133 133 +12 131 =13 12711 B83=x7 82 =7 80 = 6
DASH 150 126 =11 125 =12 124 =10 81 =7 81 =8 80 =6 |
BMI =30 kg/m? Control 82 134=x12 131:= 12 127210 83 =6 82 =6 79 =6
DASH 78 126 =11 126 = 12 125210 81 =7 BO =7 BO =6
Nonobese (BMI <30 kg/m?) Control 122 132 %12 136 12 12610 84=x7 83 x6 8l =6
DASH 130 127 =11 126 = 12 123 £ 11 81 x7 Bl =7 A G
Alcoholic drinks <1 drink /wk Control 116 135 =12 133 =12 128 = 11 B4 =7 8l =6 BO =
DASH 116 127 212 126 = 12 124 =12 81 =7 81 =7 796
Alcoholic drinks =1 drink /wk Control 88 13011 127 =10 125 £ 9 836 81 =6 BO = 6
DASH 92 12710 126 =11 124 £ 9 81 =7 80 =8 80 x4
Waist: high risk (>102 cm men or Control 124 133 %212 130 = 12 127 10 B3 =6 82 =6 80 =6
>88 cm women)
DASH 113 127=12 126 = 12 124 = 11 81 =7 80 =7 7P+ 4
Waist: normal risk (=102 cm men or Control 80 133 =x12 130 = 12 126 10 B4 =7 83 =7 81 =7
=88 cm women)
DASH @5 127 =1) 125 = 11 124 10 81 =7 81 =7 80 =7
Baseline urinary sodium excretion <140 Conirol Q4 133:= 13+ 12 122210 B3 =7 82 x4 80 = 6
DASH 104 12812 127 = 12 12501 BI=xF 81 =7 80 =7
Baseline urinary sodium excretion =140  Control 108 132 = 12 130 = 12 12610 83=7 826 80 =6
DASH 104 126 11 124 = 12 122+ 10 807 B0+ 7 79 £+ 6
BMI = body mass index

dium trial was an efficacy trial designed to assess the
main and interactive effects of the DASH diet and
reduced sodium intake on BP.? Participants were ran-
domly assigned to eat either the DASH diet or a
typical American diet; within each diet arm, they
consumed each of 3 sodium intake levels according to
a crossover design. Sodium reduction and the DASH
diet each caused statistically significant and clinically
relevant reductions in BP overall* and in key prespeci-
fied subgroups® that were defined by hypertension
status at baseline, race or ethnicity, gender, and age.
The present report presents an extensive analysis, not
previously published, of the effects on BP of changes
in sodium intake and the DASH diet in key subgroups

a priori identified as having clinical importance and in
joint subgroups (age and hypertension status, race or
ethnicity and hypertension status, and gender and race
or ethnicity).

A detailed description of the trial design and meth-
ods has been published.? Briefly, 412 participants with
systolic BP ranging from 120 to 159 mm Hg and
diastolic BP ranging from 80 to 95 mm Hg were
enrolled. After a 2-week run-in period during which
participants ate the control diet at the higher sodium
level, participants were randomly assigned to either
the DASH diet or a control diet typical of what many
Americans consume. Within their assigned diets, there
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were three 30-day feeding periods, each with a differ-
ent sodium level presented in random order. The 3
sodium levels (higher, intermediate, and lower) had
targets of 150, 100, or 50 mmol/day (in the 2,100-kcal
version of the diets). The higher sodium level, which
reflects typical consumption in the United States, was
50% higher than the intermediate level, which was the
upper limit of current national recommendations.

BP was measured by trained staff members using a
random-zero sphygmomanometer at 3 visits during
screening, at 2 visits during the 2-week run-in. and on
5 of the last 9 days of each of the 3 feeding periods. A
pair of BP measurements was taken on each day and
averaged. Baseline BP was the average of the 5 pairs
of BP values before beginning the assigned diets. The
end-of-feeding BP was the average of the 5 pairs of
BP values obtained at the end of each 30-day feeding
period. Hypertension status was defined as systolic BP
of =140 mm Hg and/or diastolic BP of =290 mm Hg.

We used generalized estimating equations to fit
baseline and end-of-feeding BP as a function of diet
(DASH vs control), sodium level, and subgroup indi-
cators and their interactions. The linearity of the ef-
fects of sodium within the control diet or the DASH
diet was assessed by comparing the change in sodium
from the higher to the intermediate level of sodium
with the change from the intermediate to the lower
level of sodium. All analyses were performed using
the xtgee procedure in Stata, release 5 (StataCorp LP,
College Station, Texas) and. except for Table I, in-
cluded adjustment for site and feeding cohort. Be-
cause of reduced sample size, especially in subgroups
jointly defined by >1 factor, power was limited.
Therefore, we report p values from 0.05 to 0.10 in
addition to p values <0.05 to help readers better
evaluate the consistency of the results.

The achieved mean sodium levels of the partici-
pants, as estimated from urinary sodium excretion,
were 65, 107, and 142 mmol/day at the lower, inter-
mediate, and higher sodium levels, respectively. Table
1 lists unadjusted mean (SD) systolic and diastolic BP
for the subgroups defined by hypertension status and
by demographic, anthropometric, and other key base-
line characteristics at each diet and sodium combina-
tion. Table 2 lists the estimated effects of changes in
sodium on systolic BP and diastolic BP when eating
the control or DASH diet in clinically important sub-
groups. Each subgroup variable is examined sepa-
rately, so that, for instance, the effects in hypertensive
and nonhypertensive patients are not adjusted for race,
gender, age, or obesity. The results are listed for the
overall effect of going from the higher to the lower
sodium level and for the effect of going from the
higher to the intermediate sodium level and from the
intermediate to the lower sodium level.

Reducing sodium intake consistently resulted in
mean reductions in systolic and diastolic blood BP
across all subgroups (Table 2). With the control diet,
BP changes from the higher to the lower sodium level
were all significant, and mean reductions ranged from
about 5 to 8 mm Hg for systolic BP and from 2 to 4
mm Hg for diastolic BP; mean BP reductions were
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about half as much tor those who ate the DASH diet.
These reductions were achieved in a stepwise manner
in the control and DASH diets; that is. there were
reductions in going from the higher to the intermediate
sodium level and from the intermediate to the lower
sodium level. For the control diet, mean reductions in
systolic BP associated with changes involving the
intermediate sodium level were statistically significant
in all but 1 subgroup (=45 years). In view of the
significance of the overall sodium contrasts of the
higher versus the lower sodium level and the consis-
tent trends across subgroups, we attribute the lack of
statistical significance of many of the intermediate
contrasts to a lack of statistical power.

We observed a pattern of approximately twice as
much mean BP reduction in going from the interme-
diate to the lower sodium level as from the higher to
the intermediate sodium level across the subgroups.
This pattern was demonstrated by the effect sizes
themselves and by their statistical significance and
was particularly evident for the control diet. In every
patient on the control diet, and for systolic and dia-
stolic BP, the p value for the contrast between the
intermediate and the lower sodium level was <0.01.
The effect sizes for this contrast generally ranged
across the subgroups from 3 to 6 mm Hg for systolic
BP and 2 to 3 mm Hg for diastolic BP. This “nonlin-
earity,” indicating more BP reduction from the inter-
mediate to the lower sodium level than from the
higher to the intermediate sodium level. was signifi-
cant for the cohort as a whole (p <0.02 for systolic BP
and p <0.05 for diastolic BP) and significant or nearly
so for approximately half the subgroups (data not
shown). Similar trends were observed for the DASH
diet, although none of the contrasts were statistically
significant (data not shown).

Table 3 lists BP changes in joint subgroups defined
by race or ethnicity and hypertension status, gender
and race or ethnicity, and age and hypertension status.
Data are also listed for subgroups defined by quartiles
of age. Because of the much reduced sample sizes, the
analyses presented in Table 3 are inherently more
variable and hence have less statistical power than the
analyses shown in Table 2. Despite the reduced sam-
ple sizes, the same patterns emerged. Reducing so-
dium intake reduced BP, and there was a pattern for
these reductions to be greater in going from the inter-
mediate to the lower sodium level than from the
higher to the intermediate level. Also of note is the
generally greater BP reduction from reducing sodium
with increasing quartile of age in the control and
DASH diets: —4.8 and —1.0 mm Hg systolic BP for
23 to 41 years; —5.9 and —1.8 mm Hg for 42 to 47
years; —7.5 and —4.3 mm Hg for 48 to 54 years, and
—8.1 and —6.0 mm Hg for 55 to 76 years.

Figures 1 and 2 display the estimated joint effects
on systolic BP of the DASH diet and sodium reduction
for 2 joint subgroups. In each case, the value for the
control diet, the higher sodium combination, is the raw
observed mean, and all of the other points are esti-
mated on the basis of the models as described in the
methods. The pattern that emerged was consistent and

[

TABLE 3 Estimated Effects of Sodium Reduction* on BP by Diet Arm for Subgroups of DASH-Sodium Participants Defined by 2 Characteristics

Diastolic EiP

Systolic BP

Intermediate
vs Higher

DASH
Lower vs

Higher Intermediate

Intermediate Lower vs

vs Higher

Control
Lower vs
Higher Intermediate

Intermediate Lower vs
vs Higher

DASH
Lower vs

Higher Intermediate

Intermediate Lower vs
vs Higher

Control

Lower vs

Lower vs
Control DASH Higher Intermediate

n

Characteristic
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*Pairwise contrasts between sodium levels are displayed. Example: for the lower vs higher sodium contrast, the estimated mean BP at the higher sodium level is subtracted from the corresponding value at the lower sodium level.

Tp <0.01; ‘p <0.05; !p <0.10.
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