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Abstract
Background—The Dietary Approaches to Stop Hypertension (DASH) diet is recommended in
the 2005 US Dietary Guidelines. To understand the potential benefits of DASH on coronary heart
disease (CHD), we applied the Framingham risk equations to calculate 10-year risk of developing
CHD using data from the DASH trial.

Methods and Results—In the DASH trial, 459 individuals with prehypertension or stage-1
hypertension not taking antihypertensive medication were randomly assigned to 1 of 3 diets:
control, fruits and vegetables (F/V), or DASH (rich in fruits, vegetables, low-fat dairy, and
reduced in fats and cholesterol). Weight was held constant. Estimated 10-year CHD risk was the
primary outcome of this secondary analysis. Among 436 participants with complete data, mean
(SD) age was 44.7 (10.7) years, 51% were male, and 60% were African-American. Median 10-
year CHD risk was 0.98% at baseline and decreased in all groups. Compared with control, the
relative risk ratio comparing 8-week with baseline 10-year CHD risk was 0.93 (95% confidence
interval, 0.85 to 1.02; P=0.12) for F/V and 0.82 (95% confidence interval, 0.75 to 0.90; P<0.001)
for DASH. Comparing DASH with F/V, the relative risk ratio was 0.89 (95% confidence interval,
0.81 to 0.97; P=0.012). With the exception of an interaction between dietary pattern and race
suggesting a greater risk reduction in blacks than whites (P for interaction=0.038), results were
similar across subgroups.

Conclusions—Compared with control and F/V, the DASH diet reduced estimated 10-year CHD
risk by 18% and 11%, respectively. In addition to reducing blood pressure, the DASH diet should
substantially reduce the risk of CHD.
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Hypertension is a major independent risk factor for coronary heart disease (CHD).1,2 Initial
treatment for hypertension includes lifestyle modification: physical activity, weight loss, and
dietary change.2 The Dietary Approaches to Stop Hypertension (DASH) Trial showed that 2
dietary patterns, the DASH and the fruits and vegetables (F/V), significantly decreased
blood pressure independent of known determinants of blood pressure, including weight and
sodium intake.3 DASH also reduced serum levels of low-density lipoprotein cholesterol;
however, it reduced high-density lipoprotein cholesterol and had no effect on triglycerides.4
The net effect on CHD events is uncertain. Because of cost and logistical considerations,
dietary intervention trials such as the DASH Trial focus on risk factors instead of clinical
outcomes such as CHD events.

The Framingham Heart Study equations5,6 estimate 10-year CHD risk using modifiable risk
factors (systolic blood pressure [SBP], total cholesterol, and high-density lipoprotein (HDL)
cholesterol) as well as nonmodifiable risk factors (age and sex).5 The beneficial effects of
multicomponent weight loss interventions on estimated CHD risk have been reported.7
Given the well-recognized challenges of sustaining weight loss, dietary change alone
without weight loss may provide a feasible alternative to reduce CHD risk.

We investigated the effects of changes in dietary patterns on estimated 10-year CHD risk in
the DASH Trial.3 We hypothesized that DASH would decrease estimated CHD risk in
comparison to the F/V and control diets.

Methods
The DASH Trial was a multicenter, randomized, controlled feeding trial sponsored by the
National Heart, Lung, and Blood Institute.8 Main findings have been published.3,8
Institutional review boards at all sites reviewed the protocol, and participants provided
informed consent.3,8

Study Participants
DASH Trial participants were at least 22 years of age and were not taking antihypertensive
medication.3,8 To be eligible, participants had to have an average SBP <160 mm Hg and an
average diastolic blood pressure (DBP) between 80 and 95 mm Hg.3,8 Major exclusion
criteria were the following: poorly controlled diabetes mellitus; use of antihypertensive
medications or nutritional supplements that could affect BP; unwillingness to modify current
diet; significant morbidity that would interfere with participation or assessment; renal
insufficiency; hyperlipidemia; cardiovascular event in the last 6 months; body mass index
(BMI) >35 kg/m2; cancer or cancer therapy within the last 6 months; anemia; pregnancy or
lactation; and excessive alcohol intake (>14 drinks/wk).3,8 Each potential participant
completed 3 screening visits and then a 3-week run-in period during which they ate the
control diet.

Random Assignment
Interested and eligible participants who completed the 3-week run-in period were then
eligible for the 8-week intervention phase, in which individuals consumed 1 of 3 randomly
assigned study dietary patterns: control, F/V, or DASH (Figure 1). Randomization was
stratified by center and balanced over time.8 Data collection staff were blinded to
randomization assignment.3,8

Intervention Diets
The control diet was designed to be typical of what many Americans eat; it was low in
minerals (potassium, magnesium, and calcium) and high in saturated fat, total fat, and
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cholesterol.3,8 The F/V diet was rich in fruits and vegetables but was otherwise similar to
the control diet. The DASH diet was rich in fruits, vegetables, and low-fat dairy foods and
was reduced in saturated fat, total fat, and cholesterol.3,8 The ratio of polyunsaturated fats to
saturated fats was similar in control and F/V and higher in DASH.3,8

All diets were prepared in research kitchens and consisted of foods that were commonly
available in different forms (fresh, frozen, dried, and canned).3,8 Lunch or dinner was
consumed onsite on weekdays.3,8 After their on-site meal, participants were given a cooler
with food to be consumed off-site, which included breakfast for the next morning.3,8 On
Fridays, participants were given food for all meals to be consumed over the weekend, lasting
through breakfast on Monday.3,8 For each day during the study, participants recorded their
intake of discretionary items (beverages and salt) as well as any nonstudy foods they may
have eaten.3,8 Participants also recorded if they did not finish the study meals.3,8 The
intervention phase lasted 8 weeks.3,8

Measurement
All BP measurements were made by study personnel who were trained and certified to
measure BP in a standardized fashion.9,10 A random-zero sphygmomanometer was used to
obtain 2 BP measurements in the seated position, and the average of these measurements
was used as the BP measurement for that day.8 Baseline BP was the average of
measurements obtained during screening and run-in phases of the study. End-of-study BP
was the average of 5 sets of BP measured during the last 2 weeks of the intervention phase.

Serum samples from each subject were analyzed at certified laboratories at each study site to
obtain total and HDL cholesterol measurements at baseline and 8 weeks.8

Statistical Analysis
We used STATA version 10.0 (STATACorp, College Station, Tex) for all analyses.
Baseline characteristics were compared among the 3 randomized arms. Counts with
proportions are reported for categorical and dichotomous variables. Means with standard
deviations (SD) are reported for continuous variables.

Baseline characteristics were compared between dietary pattern intervention groups using
ANOVA for continuous variables and the χ2 test for dichotomous and categorical variables.
Baseline characteristics were also compared between those with and those without complete
data using a t test for continuous variables and the χ2 test for dichotomous and categorical
variables.

Estimated 10-year CHD risk at baseline and 8 weeks was calculated for each individual
using the Framingham risk equations.5,6 These equations incorporate individual modifiable
(systolic blood pressure, total cholesterol, HDL cholesterol, and smoking status) and
nonmodifiable factors (age and sex) to estimate 10-year risk of CHD.5,6 Median values of
estimated CHD risk were then calculated. Using linear regression, the difference between
the logarithm of 10-year CHD risk at 8 weeks and the logarithm of 10-year CHD risk at
baseline, the outcome variable, was regressed on intervention dietary pattern (categorical
variable), and adjusted for site. Because the Framingham risk estimates were not normally
distributed, log transformation was used so that linear regression could be performed. The
ratio of estimated 10-year CHD risk at 8 weeks to that at baseline for each diet intervention
was calculated and reported as the relative risk. The ratio of these relative risks between 2
different intervention dietary patterns was reported as the relative risk ratio (RRR), as done
previously.7 Three pairwise contrasts were of interest: DASH versus control, F/V versus
control, and DASH versus F/V.
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Because F/V can be considered an “intermediate” dietary pattern between control and
DASH,8 the dietary patterns were recoded as an ordered variable, and linear regression was
used to test for trend across the dietary patterns.

We performed exploratory analyses to evaluate if the effect of the dietary patterns varied
across subgroups defined by baseline variables. These subgroups included race (white or
black), age (<60 years and ≥60 years), sex, hypertension status (prehypertensive and
hypertensive), baseline 10-year CHD risk (<10% and ≥10%), and baseline total cholesterol
(<5.18 mmol/L and ≥5.18 mmol/L). In these models, we included terms for the main effect
of the interventions and subgroup and for interactions between these variables and the
intervention groups.

A probability value less than 0.05 was considered statistically significant. No adjustment for
multiple comparisons was made.

Results
Of the 459 participants randomly assigned in the original DASH Trial, 436 (95%)
participants had complete data that allowed for calculation of both baseline and 8-week
estimated 10-year CHD risk using the Framingham equations5,6 (Figure 1). At baseline, the
DASH arm had a lower mean total cholesterol than the F/V and control arms (Table 1).
There were no significant differences in baseline characteristics between participants with
complete data and those with missing data (data not shown).

Table 2 displays CVD risk factors at baseline and follow-up as well as between-diet
differences in the 436 participants with complete data. Compared with control, the DASH
diet lowered systolic BP, diastolic BP, total cholesterol, and LDL cholesterol, but it also
lowered HDL cholesterol and had no effect on triglycerides.

Median 10-year CHD risk was 0.98% at baseline (0.97% in control, 1.15% in F/V, and
0.91% in DASH), indicating an approximately 1% risk of developing CHD within 10 years.

At the end of intervention feeding, estimated CHD risk was reduced in each group (Figure
2). Compared with control, RRRs (95% confidence interval) for F/V and DASH were 0.93
(0.85 to 1.02, P=0.12) and 0.82 (0.75 to 0.90, P<0.001), respectively. This indicates a
relative risk reduction of 18% in estimated CHD risk at 8 weeks compared with baseline for
those on the DASH dietary pattern compared with those in the control group. The RRR
(95% confidence interval) for DASH compared with F/V was 0.89 (0.81 to 0.97, P=0.012)
(Table 3 and Figure 2). The probability value for trend across diets (control<F/V<DASH)
was <0.001.

RRRs were similar across subgroups of age, sex, baseline hypertension status, baseline
estimated 10-year CHD risk, and baseline serum total cholesterol (Table 3). There was a
statistically significant interaction between dietary pattern and race (P=0.038) suggesting a
greater CHD reduction in blacks compared with whites (Table 3).

Discussion
In individuals with prehypertension or stage-1 hypertension, the DASH dietary pattern
reduced estimated 10-year CHD risk by 18% compared with control and by 11% compared
with F/V. The F/V diet also decreased estimated 10-year CHD risk by 7% compared with
control although this result was not statistically significant. The DASH diet had the greatest
reduction in estimated CHD risk and the control diet the least reduction with the F/V diet
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having intermediate effects. With the exception of a possible interaction between dietary
pattern and race, results were similar across subgroups defined by baseline risk factors.

To date, no trial has tested the effects of the DASH dietary pattern on clinical outcomes.
However, our results are consistent with other evidence suggesting that the adoption of
DASH should reduce CHD risk. In the Nurses Health Study, a cohort study, women who ate
a dietary pattern similar to DASH had a reduced risk of incident CHD.11 Although a
reduction in CHD risk secondary to changes in blood pressure is assumed, this analysis
quantifies the benefit and incorporates changes in lipid risk factors that also influence CHD
risk.

The DASH Trial is a feeding study. As such, it should be viewed as an efficacy study, which
documents the effects of the dietary patterns in the setting of maximal adherence. As for
effectiveness, the PREMIER trial documented that a weight loss intervention that also
promoted the DASH dietary pattern should reduce estimated CHD risk.7 However, the
PREMIER trial only had partial adherence to the DASH diet, and there was no difference in
estimated CHD risk between 2 weight loss interventions (1 with and 1 without the DASH
diet). In subsequent analyses, greater adherence to the DASH diet led to greater reductions
in blood pressure.12

Our results suggest the possibility of an interaction between dietary pattern and race, as have
previous analyses in which the DASH dietary pattern reduced BP to a greater extent in
blacks than in whites.3 However, the lack of a significant effect in whites should be
interpreted cautiously because of the reduced sample size and hence limited power in this
subgroup. In fact, we estimate that our study had 59% power to detect an RRR of 0.78,
comparing DASH with the control group among white participants, with α (2-tailed) of 0.05.
Also, the subgroup analyses were exploratory, and chance findings with multiple
comparisons are possible.13 Regardless, the point estimates for the comparisons across
interventions by race are largely similar to those of the overall results.

Limitations of this study deserve mention. First, the outcome of the current study is 10-year
CHD risk estimated from the Framingham risk equations, not actual CHD events. However,
the Framingham equations have been validated in blacks and whites who comprised the
majority of our study population.14 Additionally, a large-scale randomized trial that tests the
effects of dietary patterns on CHD events is unlikely to be performed because of cost and
logistical considerations. Second, the study population had a relatively low baseline CHD
risk, but even despite this low baseline risk, a substantial relative risk reduction was still
present. Furthermore, such risk reductions when applied to the general population have great
public health relevance. Third, the sample size of the trial, although large for a feeding
study, was too small for analyses of all subgroups of interest, for example, postmenopausal
women. The small sample size might also have led to chance differences in baseline
characteristics of subgroups, for example, the differences in baseline CHD risk between
blacks and whites. Finally, the DASH trial was a brief study. Although we cannot prove
long-term effects, evidence from cohort studies suggest that as long as adherence is
maintained, benefits should persist.11

Our study has several strengths. First, the trial enrolled a diverse population; 46% were
female and 60% were black. The prevalence of prehypertension or stage-1 hypertension was
66%, which is similar to the prevalence of these conditions in the general US population.15
Second, this trial has strong internal validity with high rates of intervention adherence3 and
few missing data. Also contributing to high internal validity were the standardized methods
of BP measurement, meal preparation, and intervention delivery. Finally, ours is one of the
few studies to assess the effect of changes in dietary pattern without weight loss on
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estimated CHD risk and the only to compare the DASH dietary pattern with a typical
American diet. The OmniHeart Trial also evaluated the effect of diet on estimated CHD risk,
but this study evaluated the effects of different macronutrients (carbohydrates, protein, and
unsaturated fat) while holding other aspects of diet constant.16

Future research should focus on public health and clinical strategies to promote adoption of
the DASH dietary pattern, which is currently recommended by the 2005 US Dietary
Guidelines for Americans.17 Other research should include a validation study that assesses
the relationship between change in estimated 10-year CHD risk from the Framingham
equation with subsequent CHD.

In summary, adoption of the DASH dietary pattern, in the setting of stable weight,
substantially decreased estimated 10-year CHD risk. In addition to decreasing BP, renewed
efforts to promote the DASH dietary pattern could prevent CHD and have great public
health implications given the enormous and persistent burden of CHD.18

WHAT IS KNOWN

• Lifestyle modification, including dietary change, is the initial treatment for
hypertension, a major independent risk factor for coronary heart disease (CHD).

• The Dietary Approaches to Stop Hypertension (DASH) Trial demonstrated that
the DASH diet lowers blood pressure and total and LDL cholesterols but
decreases HDL cholesterol.

• The Framingham Heart Study risk equations allow for the calculation of 10-year
estimated CHD risk based on both modifiable risk factors (systolic blood
pressure, total cholesterol, and HDL cholesterol) and nonmodifiable risk factors
(age and sex).

WHAT THE STUDY ADDS

• Our study demonstrates that adoption of the DASH diet has the potential to
decrease estimated 10-year CHD risk by 18% when compared with the control
diet, taking into account both its effects on blood pressure and lipids.

• Given findings that the DASH diet should be especially effective in blacks,
future research should explore the potential of the DASH diet as a means to
reduce racial disparities in CHD.
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Figure 1.
Consort diagram.
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Figure 2.
Ten-year probability of CHD event by randomized group.
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