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Introduction: In observational studies, the association between the Dietary Approaches to Stop
Hypertension (DASH) diet and incident heart failure has been inconsistent. It was hypothesized
that higher DASH diet concordance has a protective effect on heart failure in a multi-ethnic cohort.

Methods: The Multi-Ethnic Study of Atherosclerosis cohort includes men and women of multiple
ethnicities who were aged 45−84 years and free of clinical cardiovascular disease at baseline. Partic-
ipants were recruited between 2000 and 2002 from six U.S. communities and followed for incident
cardiovascular health events through 2015 for the purpose of this data set. Diet was measured using
food-frequency questionnaires. Cox proportional hazards analysis was used to investigate the asso-
ciations of the DASH diet concordance with incident heart failure in 2017−2018.

Results: During a median 13 years of follow-up, 179 of 4,478 participants developed heart failure,
corresponding to a rate of 3.4 per 1,000 person years. Heart failure incidence rates did not vary sig-
nificantly by DASH quintile for the population as a whole. In participants younger than 75 years,
highest DASH concordance was associated with a lower risk of incident heart failure compared
with those in the lowest quintile (hazard ratio=0.4, 95% CI=0.2, 0.9 vs all participants hazard
ratio=1.0, 95% CI=0.2, 0.9) after adjusting for demographics, energy consumption, and known car-
diovascular confounders.

Conclusions: This study supports the hypothesis that DASH is beneficial in heart failure preven-
tion within the individuals aged less than 75 years subgroup, an idea that to date was substantiated
only by much smaller studies or in less diverse patient populations.
Am J Prev Med 2019;56(6):819−826. © 2019 American Journal of Preventive Medicine. Published by Elsevier
Inc. All rights reserved.
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Heart failure (HF) is a frequent cause of hospi-
talization in older adults and is associated with
substantial healthcare costs. Identifying modi-

fiable risk factors for primary prevention of HF is an
important public health goal. The effectiveness of dietary
modifications in the prevention and treatment of hyper-
tension (HTN) and cardiovascular diseases (CVDs) is
well recognized. The Dietary Approaches to Stop Hyper-
tension (DASH) diet emphasizes intake of fruits, vegeta-
bles, whole grains, poultry, fish, nuts, and low-fat dairy
products while reducing consumption of red meat,
sweets, and sugar-sweetened beverages. The DASH diet
has shown evidence-based beneficial effects on HTN1−4

and is endorsed by the American Heart Association and
g/10.1016/j.amepre.2018.11.022
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the American College of Cardiology in their 2013 pre-
vention guidelines.5 HTN has been consistently associ-
ated with the incidence of HF.6−9 Individual diet
concordance can be ranked and summed to create a
DASH diet component score. The use of a component
score for estimating concordance to DASH diet, from
self-reported dietary intake data, is effective for measur-
ing the risk of cardiovascular events.8,9

Few studies to date have examined the effects of
DASH diet on incident HF, and they have yielded con-
flicting results. Using data from the Swedish Mammog-
raphy Cohort study9 and the Cohort for Swedish Man,10

Levitan and colleagues9,10 reported a 37% lower risk of
HF among women (mean age 52.9 years) and 22% in
older men (mean age 60.3 years) whose diets were most
similar with a DASH dietary pattern. In a prospective
cohort study of older white U.S. adults, Del Gobbo
et al.11 reported a lack of association between dietary
patterns and incident HF. Based on prior protective
effects of the DASH diet on left ventricular (LV) param-
eters found by Nguyen and colleagues12 in the Multi-
Ethnic Study of Atherosclerosis (MESA) sample, the
same large, gender-balanced, and ethnically diverse U.S.
cohort is used to examine the relationship between
degree of DASH diet concordance and risk of HF. It is
hypothesized that higher DASH diet concordance has a
protective effect on HF.

METHODS

Study Sample
Details of the MESA design have been previously described.13

Briefly, 6,814 men and women, aged 45 to 84 years and of four
self-reported race/ethnicities (non-Hispanic white, black, His-
panic, and Chinese) and no history of clinical CVD (including val-
vular disease) were enrolled in six participating centers in the U.S.
from 2000 to 2002. The IRB at each of the study sites approved
the study protocols. On entry, participants underwent evaluations
via questionnaires, physical examination, and laboratory tests. In
general, the exclusion criteria followed were described by Nettle-
ton et al.14 A total of 709 participants were excluded from the
analysis because of insufficient (n=283 missing food-frequency
values, n=5 missing forms) or unreliable dietary data (participants
reporting extreme energy intakes >6,000 or <600 kcal/day
[n=422]). There were 15 participants who died, four participants
had no data on HF, and 1,612 had no heart structure data. Base-
line participants with diabetes were not excluded because in
MESA substantial dietary pattern differences have not previously
been noted relative to participants without diabetes.12 Analyses
were conducted in 2017−2018 to examine the effect of DASH diet
concordance on the incidence of HF by age, gender, race/ethnic-
ity, adiposity, and diabetes.

Measures
Usual dietary intake was assessed using a 120-item food-frequency
questionnaire (FFQ).15 The FFQ was developed in the validated
block format and was based on the FFQ used in the Insulin Resis-
tance Atherosclerosis Study.15 It has been validated in non-His-
panic white, African American, and Hispanic individuals and
later modified for use in the MESA by including Chinese foods
and culinary practices.14,16 Participants recorded serving size
(small, medium, or large) and frequency of consumption of spe-
cific beverage and food items. Nine frequency options were given,
ranging from “rare or never” to a maximum of “2 times per day”
for foods and a maximum of “6 times per day” for beverages. Serv-
ings per day for each item were calculated as the product of the
reported frequency and serving size (small weighted by 0.5,
medium by 1.0, and large by 1.50). After quality control measures
were taken to minimize underreporting in 19 food items (Appen-
dix List 1, available online), including re-scanning of original
questionnaires. In a subset of participants missing original FFQs,
missing information on food frequency and serving sizes of 19
FFQ items was imputed using multinomial regression or ordinal
regression models. Nutrient intake was estimated for each FFQ
item using the Nutrition Data System for Research.

Using these data, DASH diet concordance was assessed with a
component score of summed quintile ranks for eight food groups.
A DASH score was calculated for each FFQ. For each of the com-
ponents, participants were classified into quintiles according to
their intake ranking.

DASH diet quintile ranges are described in Table 1. Five favor-
able food groups were positively scored; these were fruits, vegeta-
bles, whole grains, nuts and legumes, and low-fat dairy products.
Three unfavorable food groups were reverse scored; these were
red and processed meats, sweetened beverages, and sodium. Thus,
the range of the final score was 8−40, with higher scores indicat-
ing greater DASH diet concordance. Consumption of healthy
food components were rated on a scale of 1−5; the higher the
score, the more frequent the consumption of that food (i.e., those
in Quintile 1 had the lowest consumption and received a score of
1; conversely, those in Quintile 5 had the highest consumption
and received a score of 5).

Cardiac magnetic resonance imaging was performed using
1.5-Telsa magnets at each center; the MESA protocol has been
described in detail.17 Briefly, imaging was performed with a four-
element, phased-array surface coil placed anteriorly and posteri-
orly, electrocardiogram gating, and brachial artery blood pressure
(BP) monitoring. Cine images of the left ventricle were
obtained during short-breath holding (12−15 seconds) at resting
lung volume.

Quantitative measurements were performed at one reading
center using MASS, version 4.2, analytic software for reader inter-
pretation. LV wall thickness was defined as the average of six mid-
ventricle segment thickness measurements. LV end-diastolic vol-
ume (EDV) and end-systolic volume were calculated by summing
the areas on each separate slice multiplied by the sum of the slice
thickness. End-diastolic LV mass was determined by the sum of
the area between the epicardial and endocardial contours multi-
plied by the slice thickness; this value was then multiplied by the
specific gravity of myocardium (1.05 g/mL).

Ejection fraction was calculated as stroke volume divided by
EDV. For LV mass and EDV, the inter-reader intraclass correla-
tion coefficients were >0.8. The intra-reader coefficients for these
measures ranged from 0.94 to 0.98.

Clinical characteristics and cardiovascular risk factors were
obtained as described previously.13 The candidate covariates for
www.ajpmonline.org
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this analysis include age, sex, ethnicity, education, physical activ-
ity, total energy intake, smoking status, BP, heart rate, alcohol
consumption, HTN medication use, renal function, lipids (total
cholesterol, low-density lipoprotein, high-density lipoprotein),
lipid lowering medication, and BMI at examination. N-Terminal
pro b-type natriuretic peptide (NT-proBNP) levels were measured
in serum collected at baseline and stored at −70°C, using the
Elecsys 2010 system at a core laboratory.18

HTN was defined as systolic BP ≥140 mmHg, diastolic BP ≥90
mmHg, or taking BP-lowering medication. Individuals with dia-
betes were defined as either having fasting plasma glucose
≥126 mg/dL or receiving drug treatment for diabetes. Estimated
glomerular filtration rate (eGFR) was calculated from serum creat-
inine using the Chronic Kidney Disease-Epi equation. Physical
activity was assessed via a Typical Week Physical Activity Survey
adapted from the Cross-Cultural Activity Participation Study,
which was designed to identify the time and frequency spent in
various physical activities during a typical week in the past
month.19

The following derived variables were considered: moderate to
vigorous physical activity (sum of moderate and vigorous MET-
hours/week) and intentional exercise variable (sum of walking for
exercise, sports/dancing, and conditioning MET-hours/week),
which have been used in prior analyses.

MESA participants are regularly queried by phone regarding
potential events. Medical records were obtained and outcomes
were centrally adjudicated by a committee of physician investiga-
tors. Reviewers classified incident hospitalized HF as definite,
probable, or absent. Definite or probable HF required HF symp-
toms, such as shortness of breath or edema; probable HF required
HF diagnosed by a physician and patient receiving medical treat-
ment for HF.

Definite HF required one or more other criteria, such as pul-
monary edema/congestion by chest x-ray; dilated ventricle or
poor LV function by echocardiography or other imaging; or echo-
cardiographic evidence of diastolic dysfunction. Individuals with
adjudicated definite or probable HF were used in the analysis as
previously described.20
Statistical Analysis
Descriptive statistics were utilized to summarize participant char-
acteristics according to DASH score categories. Data are presented
as mean § SD for continuous variables and number (percentage)
for categorical variables. Differences in baseline participant char-
acteristics by quintile of DASH score were tested with Student’s
t-test (continuous variables with normal distribution) or chi-square
test (categorical variables). Log rank tests were used to compare
the incidence of HF by DASH score quintile. Subsequently, Cox
proportional hazards models were used to analyze the association
of dietary pattern with incident HF. For all regression models,
adjustment was made for demographic factors (age, sex, study
site, educational level, and race/ethnicity), traditional CVD risk
factors (systolic BP and diastolic BP, use of antihypertensive med-
ications, lipids, diabetes mellitus, smoking, alcohol intake, and
exercise), BMI, and eGFR. Four sets of models were used: Model
1: gender and age; Model 2: plus race, education, energy, cigarette
use, site, exercise, energy, and BMI; Model 3 adjusted for Model 2
additionally adjusted for HTN, diabetes, high-density lipoprotein
(known disease associations with HF); and Model 4 adjusted for
June 2019
Model 3 plus EF, LV mass (pathophysiology of HF). Analyses
were performed using Stata, version 14.2, for Windows.
RESULTS

After exclusions, the analytic sample for these analyses
was 4,478 participants. At baseline, 52% of participants
were female, the mean age was 62 years, and 40.3%
were white, 24.6% black, 22.1% Hispanic, and 12.8%
Chinese American. The average DASH score was 24.1
(SD=5.3), range, 10−40, reflecting overall modest
levels of concordance with the DASH eating pattern.
The specific differences between the components of
the diets of participants in Quintile 1 and Quintile 5
are shown in Appendix Table 1 (available online); the
highest quintile consumed on average more fruits, veg-
etables, and other components of the DASH eating
pattern. Distributions of demographics and lifestyle
factors at baseline are shown in Table 1 according to
DASH score quintiles. Characteristics associated with
being in higher quintiles (indicating healthier diets)
included female sex, white race, older age, never
smoker, and higher educational attainment. Similarly,
lower LV mass and LV EDV, higher level of physical
activity, higher NT-Pro BNP, and high-density lipo-
protein, as well as lower energy intake and lower eGFR
and creatinine were associated with higher quintiles.
Total and low-density lipoprotein cholesterol, BP, and
heart rate showed no consistent pattern across DASH
score quintiles.
During a median of 13 years of follow-up (through

2015), 179 participants developed HF, corresponding to
a rate of 3.4 per 1,000 individuals per year. HF incidence
rates did not vary significantly by DASH quintile for the
population as a whole (Table 2). Rates of HF were also
assessed by DASH quintile according to several parame-
ters known to be associated with HF risk (age, sex, race/
ethnicity, adiposity, and diabetes) (Appendix Table 2,
available online). As expected, rates generally were
higher among older participants, men, those with diabe-
tes, and obese participants.
However, there was a suggestion of heterogeneity in

the pattern of incident HF by DASH score quintile
according to age category (Figure 1). Although in the
younger participants the incidence of HF was generally
lower in Quintile 5 than Quintile 1, among those aged
75−84 years at baseline, the pattern was reversed but
was not statistically significant, and the lowest incidence
of HF was in Quintile 1 (Appendix Table 2, available
online).
Because of the pattern observed in Figure 1, the analy-

sis continued excluding participants aged ≥75 years.
Appendix Table 3 (available online) provides incident



Table 1. Participant Characteristics by Quintiles (Q) of the DASH Eating Pattern Score (n=4,493)

Variable

DASH eating pattern score

Q1, 10−19
(n=921)

Q2, 20−22
(n=869)

Q3, 23−25
(n=944)

Q4, 26−29
(n=979)

Q5, 30−40
(n=780) p-value

Categorical variables, %

Female 32.8 44.5 48.6 62.9 72.1 <0.001
Race

White 29.1 36.6 40.5 43.9 50.7 <0.001
Chinese American 15.6 14.3 14.6 12.5 6.3 <0.001
African American 33.8 25.0 21.7 23.9 20.6 <0.001
Hispanic American 21.5 24.2 23.1 21.1 21.3 <0.001

Education

Less than high school 17.1 19.4 16.6 15.0 13.7 <0.001
High school 20.9 19.5 17.4 14.6 14.6 <0.001
Some college 30.5 27.7 25.7 27.1 26.8 <0.001
College graduate or more 30.5 33.5 40.3 43.3 44.8 <0.001

Smoking status

Never 43.5 51 53 54.3 53.9 <0.001
Past 33.9 35.1 36.3 36.8 41 <0.001
Current 22.6 14.3 11.4 8.5 5.5 <0.001

Diabetes mellitus 9.2 13.0 13.3 11.3 10.3 0.029

HTN by JNC 39.4 41.2 42.1 44.3 47.5 0.148

HTN drug 30.18 35.4 34.0 39.1 38.7 <0.001
Lipid-lowering drug 12.6 15.0 15.6 16.6 19.7 0.002

ACE inhibitor(s) or ARB 13.3 15.7 17.3 18.0 18.3 0.022

Diuretics 10.3 12.0 10.4 13.6 15.4 0.005

Alcohol use

Never 16.2 19.2 20.9 21.5 20.9 0.100

Former 23.8 25.0 22.4 21.4 22.2 0.100

Current 60.0 55.8 56.6 57.1 56.9 0.100

Continuous variables, mean (SD)

Age mean, years 58 (10) 60 (10) 61 (10) 62 (10) 65 (10) <0.001
BMI 28 (5.0) 28 (5) 28 (5) 27 (5) 26 (5) <0.001
Total daily energy intake (kcal) 1,934 (901) 1,799 (849) 1,560 (780) 1,560 (675) 1,381 (545) <0.001
Intentional exercise
(MET minutes/week)

1,489 (2,676) 1,435 (2,052) 1,482 (2,092) 1,662 (2,399) 1,979 (2,646) <0.001

Moderate+vigorous PA 6,610 (7,280) 5,805 (5,874) 5,463 (5,460) 5,627 (5,712) 5,641 (5,399) <0.001
Cholesterol, mg/dL

Total 193 (35) 194 (35) 192 (34) 195 (36) 195 (34) 0.318

LDL 119 (31) 119 (32) 116 (30) 117 (31) 114 (29) 0.003

HDL 48 (13) 49 (14) 50 (14) 52 (16) 57 (17) <0.001
Blood pressure, mmHg

Systolic 1,265 (20) 125 (21) 125 (21) 126 (21) 127 (22) 0.276

Diastolic 74 (10) 72 (10) 72 (10) 71 (10) 69 (10) 0.920

LV ejection fraction (%) 68 (7) 68 (8) 69 (8) 70 (7) 70 (6) <0.001
LV end diastolic volume 134 (34) 129 (32) 127 (32) 124 (29) 119 (28) <0.001
LV mass 157 (40) 150 (40) 145 (39) 140 (37) 135 (36) <0.001
Heart rate (bpm) 63 (9) 63 (9) 63 (10) 62 (9) 62 (9) 0.74

Creatinine (mg/dL) 1.0 (0.5) 0.96 (0.2) 0.95 (0.2) 0.93 (0.2) 0.92 (0.29) <0.001
Estimated GFR 84.0 (17.8) 81.6 (17.6) 81.7 (17.0) 79.4 (16.1) 77.7 (16.5) <0.001
NT-proBNP (pg/mL) 92.5 (465.7) 77.0 (108.4) 91.7 (174.3) 106.7 (185.5) 128.8 (177.0) <0.001

Note: Boldface indicates statistical significance (p<0.05).
ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker(s)/antagonist(s); bpm, beats per minute; DASH, Dietary Approaches to Stop
Hypertension; GFR, glomerular filtration rate; HDL, high-density lipoprotein; HTN, hypertension; JNC, Joint National Committee; LDL, low-density lipo-
protein; LV, left ventricular; NT-proBNP, N-terminal pro b-type natriuretic peptide; PA, physical activity.
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Figure 1. Rate of incident heart failure by DASH diet quintiles (Q1−Q5) and age category, per 1,000 person-years (N=4,478).
DASH, Dietary Approaches to Stop Hypertension; HF, heart failure.
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rates for this subsample; overall among those aged
<75 years the highest DASH quintile was associated
with a lower rate of incident HF (Table 3). In these par-
ticipants, highest DASH concordance was associated
with lower incidence of HF, with a >2-fold greater haz-
ards of HF among those in the lowest quintile (hazard
ratio=0.4, 95% CI=0.2, 0. 9). This association was signifi-
cant after adjustment for demographics, energy intake,
behaviors, traditional CVD risk factors, and cardiac
Table 2. Hazard Ratios Between DASH Diet Score Quintile and In

Models Q1 Q2, HR (95% CI) Q3, HR (95% CI)

Model 1 ref 1.2 (0.8, 2.0) 1.1 (0.7, 1.7)

Model 2 ref 1.3 (0.8, 2.1) 1.2 (0.8, 2.0)

Model 3 ref 1.2 (0.7, 1.9) 1.1 (0.7, 1.8)

Model 4 ref 1.1 (0.7, 1.8) 1.1 (0.7, 1.8)

Note: Model 1: adjusted for gender, age; Model 2: adjusted for Model 1 plus
3: adjusted for Model 2 plus HTN, diabetes, HDL; Model 4: adjusted for Mode
DASH, Dietary Approaches to Stop Hypertension; EF, ejection fraction; HDL, h
sion; LV, left ventricular; Q, quintile.

June 2019
structure (Table 3). Analyses of individual food groups
showed that highest consumption of low-fat dairy was
significantly associated with decreased HF risk in the
adjusted model (Model 4): hazard ratio=0.5, 95%
CI=0.2, 0.9, p-trend=0.002. Suggestion of a protective
effect was also found, with a most favorable quintile of
meat consumption (which was the lowest amount; haz-
ard ratio=0.5, 95% CI=0.2, 1.0, p-trend=0.092; Appendix
Table 4, available online).
cident HF—All Participants (N=4,478)

Q4, HR (95% CI) Q5, HR (95% CI) p-trend

0.8 (0.5, 1.3) 0.7 (0.4, 1.2) 0.123

1.0 (0.6, 1.6) 0.9 (0.5, 1.5) 0.458

0.9 (0.5, 1.5) 0.8 (0.5, 1.4) 0.562

0.9 (0.5, 1.4) 0.7 (0.4, 1.2) 0.265

race, education, energy, tobacco, site, exercise, energy, and BMI; Model
l 3 plus EF, LV mass.
igh-density lipoprotein; HF, heart failure; HR, hazard ratio; HTN, hyperten-



Table 3. Hazard Ratios of DASH Eating Pattern Score With Incident HF for Those Aged 45−74 Years at Baseline (n=3,906)

Models Q1
Q2,

HR (95% CI)
Q3,

HR (95% CI)
Q4,

HR (95% CI
Q5,

HR (95% CI) p-trend

Model 1 ref 1.3 (0.6, 1.5) 0.9 (0.5, 1.5) 0.7 (0.4, 1.3) 0.4 (0.2, 0.9) 0.023

Model 2 ref 1.3 (0.8, 2.1) 1.0 (0.6, 1.8) 0.7 (0.5, 1.2) 0.6 (0.3, 1.2) 0.243

Model 3 ref 1.2 (0.7, 2.0) 0.9 (0.5, 1.6) 0.8 (0.5, 1.6) 0.5 (0.2, 1.1) 0.250

Model 4 ref 1.2 (0.7, 2.0) 0.9 (0.5, 1.7) 0.8 (0.5, 1.5) 0.4 (0.2, 0.9) 0.108

Note: Model 1: adjusted for gender, age; Model 2: adjusted for Model 1 plus race, education, energy, tobacco, site, exercise, energy, and BMI; Model
3: adjusted for Model 2 plus HTN, diabetes, HDL; Model 4: adjusted for Model 3 plus EF, LV mass.
DASH, Dietary Approaches to Stop Hypertension; EF, ejection fraction; HDL, high-density lipoprotein; HF, hear failure; HR, hazard ratio; HTN, hyperten-
sion; LV, left ventricular; Q, quintile.
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DISCUSSION

Overall the results from the multi-ethnic MESA cohort,
evaluating DASH diet concordance and incident HF did
not find an association in the entire MESA sample. The
findings are consistent with that of a prior study includ-
ing older adults.11 In the post hoc analysis, this study
supports the hypothesis that the DASH diet is beneficial
in HF prevention, at least within a younger subgroup, an
idea that to date is supported only by much smaller stud-
ies or in less diverse patient populations.9,10 All studies
used the same FFQ and DASH scoring system created
by Fung and colleagues.8 This association was indepen-
dent of demographics, behavior factors, BP, HTN, and
BMI.
Even though DASH is targeted for lowering BP,3 the

protective effects against HF go beyond antihypertensive
benefits and cannot be explained by HTN alone. The
mechanisms by which the DASH diet confers a protec-
tive effect on cardiovascular health have been previously
studied. Hummel et al.21 found that the DASH diet was
associated with reduced BP, oxidative stress, and arterial
stiffness as well as improved diastolic function, contrac-
tility, arterial elastance, and ventricular-arterial coupling.
It is unclear if the DASH diet directly affected LV sys-
tolic performance or whether the reduction in effective
arterial afterload was responsible. The data in dairy con-
sumption and HF is conflicting. In one previous study,
intake of high-fat dairy was related to increased HF
risk.22 However, fermented dairy intake has not been
related to HF risk in other studies.23,24 Dairy intake
appears to be inversely related to the multitude of risk
factors for CVD including HTN.25−27 Although associa-
tions have been identified between specific food groups
and reduced risk for HF, the effects of each group are
interrelated and the protective benefits should be consid-
ered in the context of the overall DASH diet.
Dietary sodium specifically impacts populations at

risk for and mechanisms implicated in the development
of HF.21 It also appears that plant-based diets high in
antioxidants, micronutrients, dietary nitrate, and fiber
but low in saturated/trans fats and sodium are associated
with decreased HF incidence/severity. It is likely that
these dietary features contribute to decreased oxidative
stress, lower homocysteine levels, as well as to higher
antioxidant defense, nitric oxide bioavailability, and gut
microbiome modulation.2

A protective effect of DASH dietary pattern from HF
in much older individuals was not seen, despite the fact
that their diets were healthier. This may be because of a
smaller sample size, but also that pathophysiologic heart
changes are irreversible at advanced ages. Another possi-
bility is suggested by the relationship of HTN (and BP-
lowering drug) to age and DASH quintile. Those in the
apparently healthier diet quintiles were more likely to
have HTN and be treated. If older participants with
HTN had a late adoption of a healthier dietary pattern,
this may represent a bias similar to confounding by indi-
cation. Another reason for the inverse relationship
between DASH diet and HF in older ages may be related
to people with a perceived higher risk of CVD adopting
dietary recommendations. However, MESA participants
were free of known clinical CVD and likely unaware at
baseline of the extent of subclinical CVD.
A recent meta-analysis showed that concordance with

the DASH diet improves circulating serum inflammatory
biomarkers in adults, compared with usual diet.28 Previ-
ous studies have shown that interleukin-6, interleukin-2,
C-reactive protein, and tumor necrosis factor-a are asso-
ciated with HF13 and subclinical LV dysfunction. Experi-
mental studies have also shown that interleukin-6 and
tumor necrosis factor-a are associated with progressive
LV dysfunction, LV remodeling, myocyte hypertrophy,
and myocyte apoptosis. Some mechanisms suggested for
these associations include immune activation, myocar-
dial biosynthesis of inflammatory markers, underperfu-
sion of systemic tissues, absorption of endotoxins from
the edematous intestines, and neurohormonal activa-
tion/stabilization. However, it remains unclear whether
the association between inflammatory markers and HF
is causal or indirectly related to other local or generalized
inflammatory state.3 There are few studies focusing
www.ajpmonline.org
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specifically on the relationship between C-reactive pro-
tein and CVD in older adults.29 Studies including only
older participants show that C-reactive protein and
fibrinogen may not be as useful as other markers, such
as interleukin-6 and tumor necrosis factor-a.30 This may
suggest that the pathophysiology of HF may be different
in much older adults.
The increasing levels of NT pro-BNT with higher

quintiles of DASH diet concordance may be related to
the fact that older participants tend to eat healthier. Mul-
tiple reports confirm the association of increasing age
with higher NT pro-BNP. This relationship appears to
reflect the interaction of age with the total burden of
comorbidities rather than reflecting an intrinsic charac-
teristic of age per se.4

Limitations
The strengths of this study include the large sample size,
long duration of follow-up, adjudicated outcomes, the
multi-ethnic cohort, and the fact that unlike other stud-
ies, all participants were free of clinical CVD including
valvular heart disease at baseline. However, MESA is an
observational study; although numerous covariates were
considered in the adjusted models, the results may still
have been influenced by residual confounding. Another
potential weakness is that even though participants with
extreme energy intakes were excluded from the analyses,
there may be some participants who under- or over-
report their food intake. As a result, misclassification
may subsequently attenuate the associations.
CONCLUSIONS

High concordance to a DASH diet, as indicated by the
quintile score, was associated with a lower risk of devel-
oping HF in MESA participants under age 75 years. This
research provides a framework for the exploration of the
DASH diet, as an effective diet in the primary prevention
of HF. As this was found in a post hoc analysis, future
prospective studies are needed to further evaluate this
hypothesis.
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