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Abstract

Although modern risk estimators, such as the American College of Cardiology/American Heart
Association Pooled Cohort Equation, play a central role in the decisions of patients to start
pharmacologic therapy to prevent atherosclerotic cardiovascular disease (ASCVD), there is limited
evidence to inform expectations for 10-year ASCVD risk reduction from established lifestyle
interventions. Using data from the original DASH (Dietary Approaches to Stop Hypertension)
trial, we determined the effects of adopting the DASH diet on 10-year ASCVD risk compared with
adopting a control or a fruits and vegetables (F/V) diet. The DASH trial included 459 adults aged
22 to 75 years without CVD and not taking antihypertensive or diabetes mellitus medications,
who were randomized to controlled feeding of a control diet, an F/V diet, or the DASH diet for 8
weeks. We determined 10-year ASCVD risk with the American College of Cardiology/American
Heart Association Pooled Cohort Equation based on blood pressure and lipids measured before
and after the 8-week intervention. Compared with the control diet, the DASH and F/V diets
changed 10-year ASCVD risk by —10.3% (95% confidence interval [CI] —=14.4 to —5.9) and —9.9%
(95% CI -14.0 to -5.5) respectively; these effects were more pronounced in women and Black
adults. There was no difference between the DASH and F/V diets (-0.4%, 95% CI —6.9 to 6.5).
ASCVD reductions attributable to the difference in systolic blood pressure alone were —14.6%
(-17.3 to —11.7) with the DASH diet and -7.9% (—10.9 to —4.8) with the F/V diet, a net relative
advantage of 7.2% greater relative reduction from DASH compared with F/V. This was offset by
the effects on high-density lipoprotein of the DASH diet, which increased 10-year ASCVD by
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8.8% (5.5 to 12.3) compared with the more neutral effect of the F/V diet of —=1.9% (-5.0 to 1.2).
In conclusion, compared with a typical American diet, the DASH and F/V diets reduced 10-year
ASCVD risk scores by about 10% over 8 weeks. These findings are informative for counseling
patients on both choices of diet and expectations for 10-year ASCVD risk reduction.

Methods

Cardiovascular disease (CVD) is the leading cause of death in the United States, claiming
more than 800,000 lives annually.! A healthy dietary pattern is a core lifestyle strategy for
the primary prevention of atherosclerotic CVD (ASCVD).23 Determining the 10-year risk
of ASCVD of a patient is recommended to decide on a preventive strategy and whether this
strategy should include pharmacologic therapy.#~" The DASH (Dietary Approaches to Stop
Hypertension) trial published in 1997 demonstrated the efficacy of dietary interventions to
lower CVD risk factors.8 This study found that in adults with elevated blood pressure (BP)
and hypertension, the DASH diet reduced systolic BP (SBP) but also decreased high-density
lipoprotein (HDL) cholesterol levels compared with the control diet. In contrast, a diet

high in fruits and vegetables (F/V) reduced SBP to a lesser degree but improved HDL
cholesterol. The impact of the DASH diet on 10-year ASCVD risk, estimated by the Pooled
Cohort Equation, has not been reported. Moreover, the incremental benefit of the DASH
diet compared with a simplified healthy diet emphasizing F/V is unknown. The objectives
of the present study were to (1) determine the effect of the DASH diet on 10-year ASCVD
risk compared with a typical American (control) diet and the F/V diet and (2) determine

the contribution of dietary changes on specific risk factors toward overall 10-year ASCVD
risk. We hypothesized that the risk estimation would be similar between the DASH and F/V
diets based on recent reports demonstrating similar levels of cardiac injury and inflammation
between the 2 diets compared with the control.910

Data from the DASH trial were acquired from the National Heart, Lung, and Blood Institute
Biologic Specimen and Data Repository Information Coordinating Center. The DASH trial
was a 3-arm, parallel-group, randomized controlled feeding trial comparing the effects of 3
diets on BP. Detailed research methods have been published.!! To summarize, 459 adults
aged 22 to 75 years old without a CVD event within the previous 6 months and not taking
antihypertensive or diabetes mellitus medications were enrolled at 4 clinical centers in

the US (Baltimore, Maryland; Boston, Massachusetts; Durham, North Carolina; and Baton
Rouge, Louisiana) between September 1994 and January 1996.812 After a 3-week run-in
period with the control diet, eligible participants were randomized to 1 of 3 dietary plans
(described later), and underwent an 8-week interventional feeding period.

To be eligible for the trial, participants were required to have an average SBP <160 mm Hg
and an average diastolic BP (DBP) between 80 and 95 mm Hg. Participants were excluded
for hyperlipidemia, a CVD event within the previous 6 months, body mass index (BMI) >35
kg/m?2, renal insufficiency, excessive alcohol intake (>14 drinks/week), or poorly controlled
diabetes mellitus.

The trial was initiated and sponsored by the National Heart, Lung, and Blood Institute and
received institutional review board approval from all sites. The present secondary analysis
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was determined by the Beth Israel Deaconess Medical Center institutional review board to
be exempt research.

Participants were randomized to a control diet, an F/V diet, or the DASH diet for 8 weeks
(Supplementary Table 1 for nutrition details). The study provided participants with all their
food during the run-in and intervention feeding periods. The control diet was typical of
what many Americans eat, with potassium, magnesium, and calcium amounts close to the
25th percentile of US consumption. The control diet was also high in total fat, saturated

fat, and cholesterol. An F/V diet provided more F/V than the control diet and had a higher
potassium and magnesium level, close to the 75th percentile of US consumption; otherwise,
the F/V diet was similar to the control diet. The DASH diet also provided more F/V than the
control diet but included whole grains, poultry, fish, and nuts. DASH emphasizes fat-free or
low-fat dairy products, with reduced saturated and total fat, cholesterol, sweets, and sugary
beverages. The DASH diet provided magnesium, potassium, and calcium levels at the 75th
percentile of US consumption. Weight was kept constant throughout all dietary assignments.
BP and lipids were measured at baseline before randomization and at 8 weeks.

Staff and participants were blinded to diet assignments, and participants were blinded to

all measurement data. During the screening visits, the heights and weights of participants
were measured and used to calculate BMI. Obesity was defined as a BMI of 230 kg/m?2.
Participants also provided information on demographics, smoking habits, alcohol intake, and
medication use. Race was self-reported by participants as White, Black or other; ethnicity
was self-reported as Hispanic or non-Hispanic. Physical activity information was obtained
during screening and at the end of the intervention using a questionnaire.

At study visits, 2 BPs were measured with random-zero sphygmomanometers while
participants were in a seated position. Baseline BP was the average of 3 pairs of
measurements during screening and 4 pairs during the run-in phase. Follow-up BPs were
based on 5 pairs of measurements during the last 2 weeks of the intervention. Participants
were categorized as having hypertension at baseline if prerandomization SBP was =140 mm
Hg or DBP was =90 mm Hg.

Fasting blood samples were measured 12 hours apart and were drawn toward the end of

the run-in period and at the end of the 8-week intervention period. The blood samples were
then collected and sent for analysis to a central laboratory to quantify total cholesterol, HDL
cholesterol, LDL cholesterol, and triglyceride levels using enzymatic colorimetry.1

The primary outcome of the present study was the absolute and relative difference in 10-year
ASCVD risk scores from baseline. Estimated 10-year ASCVD risks at baseline and 8 weeks
were calculated for each participant using the Pooled Cohort Equation.13 The components
of the equations include age, gender, race/ethnicity, total cholesterol, HDL cholesterol,

SBP, diagnosis of diabetes mellitus, smoking, and whether a participant was treated for
hypertension. Total cholesterol, HDL cholesterol, and SBP were used to determine change
in 10-year ASCVD risk as these were measured prerandomization and after 8 weeks of the
intervention. In contrast, other components of the Pooled Cohort Equation were collected at
baseline alone.
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Analyses were restricted to the subpopulation with complete BP and lipid data at baseline
and the 8-week follow-up visit. We computed baseline population characteristics for the
included participants by diet assignment using means (SD) for continuous variables and
counts with percentages for categorical or dichotomous variables.

Because of the non-normal distribution of the 10-year ASCVD risk estimates, the data
were log-transformed. We used linear mixed-effects models clustered by participant with an
exchangeable covariance matrix to compare the means of log-transformed ASCVD values
at baseline and 8 weeks. The fixed portion of the model included diet (with values 0

for the control diet, 1 for the F/V diet, and 2 for the DASH diet), visit (with values 0

for baseline and 1 for the 8-week follow-up visit), and a diet-by-visit interaction term.

The random effects portion of the model included participant identification, introducing a
random intercept. We calculated both the absolute and the relative percentage difference in
change from baseline by each diet intervention compared with the control. We analyzed the
log-transformed ASCVD values comparing the absolute and relative percentage difference
in DASH versus F/V diets.

Because the Pooled Cohort Equation is intended for adults aged between 20 and 79 years
without diabetes mellitus and whose total cholesterol is between 130 and 320 mg/100

ml, HDL between 20 and 100 mg/100 ml, and SBP between 90 and 200 mm Hg, the
previously mentioned calculations were repeated with 2 sensitivity analyses, involving either
the exclusion or imputation of 6 participants with age, lipid, and SBPs outside of the
intended range. For the imputed calculation, we substituted values for participants whose
numbers fell outside this range with the indicated minimum and maximum values (n = 6).
For example, anyone aged <20 years received the age of 20, whereas an age >79 years was
given an age of 79.

We also evaluated the impact of dietary patterns on the individual components of the 10-year
ASCVD risk scores, namely the SBP, total cholesterol, and HDL, and determined the
contribution of changes in these individual components to change in 10-year ASCVD risk.
For example, to examine the change in 10-year ASCVD risk score attributable to change

in SBP, we calculated the change in 10-year ASCVD risk scores using the baseline and
8-week post-intervention values while maintaining total and HDL cholesterol constant at the
baseline value of each participant.

In addition, we performed a prespecified stratified analysis, focused on the following CVD
risk factors: age (<60 years and =60 years), gender (male or female), race (Black or
non-Black), stage 2 hypertension status (=140/90 mm Hg), obesity (BMI=30 kg/m?), and
smoking status (current smoker, no or yes). Interaction terms were restricted to pairs of diets
(F/V vs control, DASH vs control, DASH vs F/V).

All analyses were performed using Stata software version 15.2 (StataCorp LLC, College
Station, Texas). A p <0.05 was considered statistically significant.
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From 459 randomized participants in the DASH trial, only the 437 participants included

in our study had the complete data lipid measurements at baseline and at the 8-week
follow-up needed to calculate the ASCVD risk scores (Supplementary Figure 1). There were
no significant differences in the baseline characteristics between those with and without
complete data (data not shown).

The baseline characteristics of the DASH trial participants across dietary interventions are
listed in Table 1. The mean age of participants was 45 years. Roughly half were women

and Black. BMI, hypertension status, SBP, DBP, alcohol consumption, physical activity, and
smoking status were similar across the 3 randomized arms.

The DASH diet lowered SBP, total cholesterol, and HDL cholesterol to a greater extent than
either the F/V or control diet (Table 2). The net differences between the DASH diet and the
control diet were —2.5 (95% confidence interval [CI] -4.2 to —0.8) mm Hg for SBP, —3.8
(95% CI1 -9.2 to 1.6) mg/dl for total cholesterol, and —0.2 (95% CI —1.7 to 1.2) mg/dl for
HDL cholesterol.

The mean 10-year ASCVD risk scores at baseline were 1.84% for the control group, 2.08%
for the F/V diet group, and 1.69% for the DASH group. Risk scores at 8 weeks were lower
for F/V diets and DASH but not the control diet (Figure 1, Supplement Figure 2, Table 3).
Compared with the control diet, the between-group absolute difference in 10-year ASCVD
risk for the F/V diet was —0.21%, representing a relative difference of —9.9%. Similarly,

the DASH diet produced an absolute difference of —0.17% in ASCVD risk, representing a
relative difference of —10.3%. There was no difference between the DASH and F/V diets.
Sensitivity analyses excluding or imputing risk factor values outside the acceptable range for
the Pooled Cohort Equation were virtually identical (Supplementary Tables 2 and 3).

Compared with the control diet, changes in 10-year ASCVD driven by decreases in SBP
from the F/V and DASH diets were —7.9% and —14.6%, respectively. Compared with F/V,
decreases in SBP from DASH changed ASCVD by -7.2%. In contrast, the effect of HDL
cholesterol on ASCVD was -1.9% for the F/V diet and 8.8% for the DASH diet, with
DASH increasing 10-year ASCVD risk scores by 11% compared with the F/V diet. The
effect of total cholesterol on 10-year ASCVD risk score was —0.2% for the F/V diet and
-3.5% compared with the control diet. Compared with the F/V diet, the effect of the DASH
diet on total cholesterol nonsignificantly changed 10-year ASCVD risk by —3.3%.

DASH changed 10-year ASCVD risk score by —=12.9% in women compared with —6.1%

in men (p = 0.008) (Figure 2). Moreover, DASH changed 10-year ASCVD risk score by
-13.9% in Black adults versus 3.1% in non-Black adults (p <0.001). There was no evidence
of effect modification across strata for F/V versus the control.

Discussion

In a diverse group of adults with elevated BP, not on medications for BP, lipid, or glucose
management, both the DASH diet and a diet high in F/V reduced 10-year ASCVD risk
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scores to a similar degree (relative reduction of ~10%). The effects of the DASH diet were
greater in women and Black adults. Although the DASH diet reduced risk factors associated
with 10-year ASCVD risk (i.e., SBP and total cholesterol) more so than F/V, the DASH diet
also reduced HDL, a finding that would increase estimated 10-ASCVD risk. In contrast, the
F/V diet reduced SBP to a lesser degree but did not affect HDL, resulting in a similar net
difference in overall ASCVD risk reduction as the DASH diet.

Previous efforts to investigate the net effect of different dietary interventions on CVD events
have used the Framingham Heart Study (FRS) coronary heart disease risk score, which

was derived from a single municipal area and included a predominantly White middle-
class, North-Eastern American male population.1* Chen et al4 documented a statistically
significant reduction in 10-year coronary heart disease risk in participants on the DASH diet
compared with those on a diet rich in F/V. However, the applicability of the FRS to a more
diverse and contemporary US population has been debated as the score tends to overestimate
risk in low-risk populations and underestimate risk in high-risk populations.1>:16 American
College of Cardiology/American Heart Association guidelines currently recommends the
Pooled Cohort Equation risk calculator, used in our study, to estimate 10-year ASCVVD

risk as the Pooled Cohort Equation was derived from multiple community-based cohorts.
Previous work has shown that the FRS underestimates subclinical atherosclerotic risk

in asymptomatic women.1’ Moreover, the Pooled Cohort Equation allows for better risk
estimations in Black adults who bear a disproportionate burden of CVD morbidity and
mortality in the United States.18:19 Our study extends the existing literature by investigating
the effects of DASH or DASH-like dietary patterns on predicted ASCVD risk using the
Pooled Cohort Equation. In contrast to the study by Chen et al,1# our study did not find an
overall advantage of the DASH diet compared with the F/V diet.

Our results are consistent with previous work demonstrating that both the DASH and F/V
diets were associated with equal reductions in markers of subclinical cardiac damage and
strain, namely high-sensitivity cardiac troponin | and N-terminal pro-B-type natriuretic
peptide, in adults without preexisting CVD.® The more complex DASH diet did not decrease
markers of subclinical damage over a diet high in F/V. Similar findings were observed in

the OMNIHEART study, which found that 3 healthy diets (DASH, a DASH-like diet rich

in proteins, and a Mediterranean-like diet) lowered high-sensitivity cardiac troponin I and
high-sensitivity—C-reactive protein levels over 6 weeks without significantly different effects
between diets.10

One of the primary reasons for the equivalent 10-year ASCVD risk estimates of the

DASH and F/V diets pertains to their differing effects on HDL cholesterol. Higher

levels of HDL cholesterol have traditionally been viewed as cardioprotective based on
observational evidence.20 However, trials targeting HDL cholesterol (e.g., niacin) have

not demonstrated reductions in CVD events, 21723 and torcetrapib, which raises HDL
cholesterol, increased CVD events.2* Moreover, emerging evidence suggests that distinct
HDL cholesterol subtypes may confer distinct health benefits.25 It should be noted that
despite the equivalence in 10-year ASCVD risk, the HDL cholesterol/total cholesterol ratio,
an important predictor of CVD events, was marginally improved with DASH.1! Therefore,
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further work is needed on the longer-term CVD effects from diet, which is beyond the scope
of the 8-week intervention period in the present study.

Our study suggests that the benefits associated with these diets may vary by gender.
Although a diet rich in F/V produced comparable reductions in 10-year ASCVD risk score
between men and women, the reduction in 10-year ASCVD risk score associated with the
DASH diet were twice as large in women than men. CVD is the leading cause of death

in women.26 Hypertension is also more strongly associated with heart failure and death

in women, and women are less likely to receive risk factor modification therapy (e.g.,

fewer statin prescriptions).2” Therefore, our findings that DASH may be more efficacious in
women are relevant for lifestyle counseling in this demographic group.

Similarly, whereas a diet rich in F/V led to a modestly smaller reduction in 10-year ASCVD
risk score in Black participants, the effect with the DASH diet was 4 times as large in

Black than non-Black participants. This is particularly relevant as dietary pattern has been
identified as one of the most important mediators of hypertension risk in Black adults.?8 The
impact of disparities on access to healthy foods has been a major focus of policy effects

to promote higher intake of F/V in Black adults. However, our study suggests that public
policies simply focused on F/V may fall short of the CVD prevention benefits observed from
the complete DASH dietary pattern.

Although our study has many strengths (e.g., its controlled intervention, randomized design,
high follow-up rates, and standardized assessments), it should be interpreted in the context
of several limitations. CVD risk was assessed using estimation from the ASCVD calculator
and was not a reflection of actual CVD events. The estimates also assume that the difference
in cardiovascular risks over 8 weeks is sustained over the long term. Finally, the DASH

trial was conducted nearly 30 years ago; it is possible that the typical American diet has
improved somewhat, that is, reduction in % energy intake in saturated fat, which suggests
that the benefits of the DASH and F/V diets might be somewhat less than projected in our
study.

In summary, although DASH and F/V diets reduced 10-year ASCVD risk by 10% over

an 8-week period, DASH was more efficacious in women and Black adults. These results
support ongoing public health initiatives to promote greater consumption of F/V at large and
the DASH diet, especially in women and Black adults.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Mean (95% CI) 10-year ASCVD risk score at baseline and after 8 weeks of the Ctrl
(triangle), FIN (circle), and DASH (diamond) diets. Data are presented on a log scale and
generated using mixed-effects models. Ctrl = control.
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Figure 2.
Relative reduction (95% CI) in 10-year ASCVD risk score in strata of age, gender, race,

hypertension, obesity, and current smoking status, comparing the fruit and vegetable diet

to the control diet (A), the DASH diet compared with the control diet (B), and the DASH

diet compared with the fruit and vegetable diet (C). The diamond and vertical dashed line
represent the relative reduction for the entire population compared overall comparison.
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