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Abstract

Endothelial dysfunction and arterial stiffness are early predictors of CVD. Intervention studies have suggested that diet is related to vascular
health, but most prior studies have tested individual foods or nutrients and relied on small samples of younger adults. The purpose of the
present study was to examine the relationships between adherence to the 2010 Dietary Guidelines for Americans and vascular health in a
large cross-sectional analysis. In 5887 adults in the Framingham Heart Study Offspring and Third Generation cohorts, diet quality was quan-
tified with the 2010 Dietary Guidelines Adherence Index (DGAI-2010). Endothelial function was assessed via brachial artery ultrasound and
arterial stiffness via arterial tonometry. In age-, sex- and cohort-adjusted analyses, a higher DGAI-2010 score (greater adherence) was mod-
estly associated with a lower resting flow velocity, hyperaemic response, mean arterial pressure, carotid—femoral pulse wave velocity
(PWV), and augmentation index, but not associated with resting arterial diameter or flow-mediated dilation (FMD). In multivariable
models adjusting for cardiovascular risk factors, only the association of a higher DGAI-2010 score with a lower baseline flow velocity
and augmentation index persisted (8= —0-002, P=0-003 and B= —005 * 0-02, P<0-001, respectively). Age-stratified multivariate-
adjusted analyses suggested that the relationship of higher DGAI-2010 scores with lower mean arterial pressure, PWV and augmentation
index was more pronounced among adults younger than 50 years. Better adherence to the 2010 Dietary Guidelines for Americans,
particularly in younger adults, is associated with a lower peripheral blood flow velocity and arterial wave reflection, but not FMD. The
present results suggest a link between adherence to the Dietary Guidelines and favourable vascular health.
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Endothelial dysfunction and arterial stiffness are early predict-
ors of atherosclerosis, hypertension and CVD™?. There is

strong evidence that diet is related to endothelial dysfunction®®

(5,6

and, to a lesser degree, arterial stiffness ) However, there is

a significant variation in the methods used to quantify diet in
previous studies, with the majority examining the intake of
specific foods or nutrients rather than overall diet. Studies of
chronic disease morbidity and mortality have indicated that

Abbreviations: DGA, Dietary Guidelines for Americans; DGAI, Dietary Guidelines Adherence Index; FMD, flow-mediated dilation; PWV, pulse wave

velocity.
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the use of dietary indices, or diet quality scores, is a compre-
hensive approach that can provide a valuable insight into the
relationship between diet and health”®

The Dietary Guidelines for Americans (DGA) are evidence-
based recommendations that provide guidance for choosing
an eating pattern that promotes health and prevents disease.
The 2010 Guidelines emphasise greater intake of fruits, veg-
etables, low-fat dairy products, whole grains, and a variety
while maintaining appropriate weight
through energy balance and physical activity®. The Dietary
Guidelines Adherence Index (DGAD is a tool that quantifies
the degree to which key DGA recommendations are met.
Developed in reference to the 2005 DGA” and updated for
the 2010 DGA™", the DGAI provides an objective index of
diet quality that is useful for standardising dietary assess-
ments across studies. To our knowledge, no studies have

of lean meats

evaluated whether overall diet quality is associated with
measures of vascular function, particularly in a large
community-based sample.

Vascular health declines with age despite the control of tra-
ditional risk factors. It is unclear whether age-related decline
in vascular function is part of a normal physiological ageing
process or a consequence of repeated exposure to lifestyle-
related risk factors. Physiological changes with age probably
interact with lifestyle risk factors to exacerbate arterial stiffness
and endothelial dysfunction'?. Given the burden of CVD on
the USA’s ageing population, there is a need for improved
understanding of the interaction between age and lifestyle
and its effect on vascular function.

Therefore, the purpose of the present study was to deter-
mine whether adherence to the 2010 DGA is associated with
endothelial dysfunction and arterial stiffness in a cross-
sectional sample of adults from the Framingham Heart
Study. A secondary purpose was to determine whether age
influences the association between diet quality and these
measures of vascular health.

Experimental methods
Subjects

The Framingham Heart Study is a longitudinal, community-
based study of risk factors for CVD. The present study includes
dietary and vascular data collected during the seventh examin-
ation cycle of the Offspring cohort (1998—2001"%) and the first
examination cycle of the Third Generation cohort (2002—2005"%).
The sample characteristics are presented in Table 1. The present
analysis was approved by the Institutional Review Board at the
Pennsylvania State University.

Dietary measurements

The Harvard semi-quantitative FFQ"> was mailed to partici-
pants before the examination, and they were asked to bring
the completed form to their appointment. The 126-item ques-
tionnaire assesses the consumption frequency of standard
servings of foods and beverages during the last year with

response selections ranging from ‘never or less than once

Table 1. Characteristics of the study sample*

(Mean values and standard deviations for continuous variables or
percentages for dichotomous variables)

Men Women
(n 2705) (n3182)
Mean SD Mean sD
DGAI-2010* 55.3 107 61.0 105
Offspring (%)/Third Generation (%) 39.6/60-4 39-5/60-5
Clinical characteristics
Age (years) 48-8 136 483 137
BMI (kg/m?) 282 46 265 6-0
Heart rate (bpm) 61-8 106 647 102
Total:HDL-cholesterol 4.4 1.5 3-4 11
TAG (mmol/l) 1.54 113 1.24  0-76
Fasting glucose (mmol/l) 5.7 1.3 53 141
Diabetes (%) 7-4 4.4
Hypertension (%) 28-8 195
Hypertension medication (%) 20-8 15.9
Lipid-lowering medication (%) 16-3 9-3
Hormone replacement therapy (%) - 15.7
Prevalent CVD (%) 8.0 33
Smoked in 6 h before testing (%) 9-3 81
Walk test before vascular 145 15-8
testing (%)
Vascular characteristics
Baseline brachial diameter (mm) 4.84 063 3:58 0-51
Flow-mediated dilation (%) 372 295 5.66  4-01
Baseline mean flow velocity 8-1 4.9 71 39
(cm/s)
Hyperaemic mean flow 53.7 191 61.7 20-3
velocity (cm/s)
Mean arterial pressure (mmHg) 93.2 11.0 88-1 11-6
Pulse wave velocity (m/s) 8-4 2-8 7-6 2:6
Augmentation index (%) 4.9 139 13-4 12.9

DGAI, Dietary Guidelines Adherence Index; bpm, beats per min.
*DGAI-2010 range was 0—100 possible points.

per month’ to ‘6+ per d.’ The Harvard FFQ provides a
space for participants to write-in up to three additional
foods they frequently consumed that were not listed, and
specifically asks for the type of breakfast cereal and cooking
oil regularly used. Nutrient intakes are calculated by multiply-
ing average intake with nutrient content of individual foods,
based on the US Department of Agriculture food composition
database and supplemented with other sources®.

The DGAI-2010 was applied to the FFQ data to determine
the extent to which participants’ diets are consistent with the
2010 DGA (see the online Supplementary material for further
description and example calculation). The DGAI-2010
assessed the intake of fourteen food groups (fruit; dark
green vegetables; orange and red vegetables; starchy veg-
etables; other vegetables; grains; milk; meat, protein, and
eggs; seafood; nuts; legumes; sugar; variety in protein choices;
and variety of fruits and vegetables) and eleven healthy choice
or nutrient intake recommendations (amounts of total fat,
saturated fat, trans-fat, cholesterol, Na, fibre and alcohol,
and percentage of lean protein, low-fat milk, whole grains
and whole fruits). Adherence to each DGAI-2010 item is
scored on a continuous scale of 0—1, and the categories
were summed and standardised to a range of 0-100 to
create an overall score, with higher scores indicating greater
adherence. An important component of the DGAI compared
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with other dietary quality assessment tools is the penalty
assigned for overconsumption, which is in line with the
2005 and 2010 DGA emphasis on weight management.
In other words, the DGAI avoids assigning a higher score to
individuals who meet the recommended food intakes simply
through eating more. Appropriate energy levels were calcu-
lated for each participant (based on height, weight, age, sex
and physical activity estimates) and participants were pena-
lised for consuming more than the recommended daily
intake of energy-dense foods (e.g. starchy vegetables, specific
protein sources, grains, meat and beans, and dairy products)
for their energy intake.

Vascular measurements

Endothelial function was assessed by brachial artery flow-
mediated dilation (FMD). Methodology and reproducibility
data have been published previously'”'®. Briefly, brachial
artery diameter (mm) was imaged in the supine position
with high-resolution ultrasound at rest and 1 min after reactive
hyperaemia that was induced by the 5min cuff occlusion of
forearm blood flow. Arterial diameter was measured offline
using commercially available edge-detection software. Bra-
chial FMD was calculated as the percentage change in brachial
diameter during reactive hyperaemia from the resting state
(%WFMD), with lower values indicating greater endothelial
dysfunction. Baseline and post-deflation hyperaemic flow vel-
ocity were assessed with Doppler imaging at baseline and for
15s immediately post-deflation, as described previously™”.
Central (aortic) arterial stiffness was assessed in the supine
position with arterial tonometry, as described previously®”.
Briefly, blood pressure was obtained with an oscillometric
(Offspring) or auscultatory (Third Generation) device, and
mean arterial pressure was measured via brachial waveform
planimetry. A tonometer recorded blood pulsations at the
right carotid, brachial, radial and femoral arteries. Transit dis-
tances were measured from the suprasternal notch to each
recording site. Tonometry waveforms were signal-averaged
offline and calibrated using cuff pressures, as described
previously. Carotid—femoral pulse wave velocity (PWV) was
calculated from transit distances and tonometry waveforms,
as described previously®?, with greater PWV indicating greater
arterial stiffness. The augmentation index was calculated from
the carotid pressure waveform, as described previously®?,
with higher values reflecting greater relative wave reflection.

Covariates

Potential confounders of the relationship between diet and
vascular health were considered in the present analysis in
accordance with previous studies7*”. All participants under-
went routine medical examination at the time of vascular
assessment to obtain the following characteristics: age; sex;
race; BMI; heart rate; fasting glucose; total:HDL-cholesterol
ratio; TAG; diabetes (defined as a fasting blood glucose of
=7mmol/l (=126 mg/dl) or treatment with insulin or an
oral hypoglycaemic agent); hypertension (defined as a systolic
blood pressure of =140 mmHg and a diastolic blood pressure

of =90 mmHg); or existing CVD (CHD, heart failure, stroke,
transient ischaemic attack or intermittent claudication). Systo-
lic and diastolic blood pressures were the average of two
physician-measured readings at the Heart Study. Hormone
replacement therapy, hypertension medication, lipid-lowering
medication and cigarette smoking status (in the 6h before
vascular testing) were determined by self-report. A variable
representing the timing of a walk test (performed con-
comitantly at Offspring Exam 7) in relation to the vascular
assessments (before v. after or not done) was included. We
also included variables denoting family relatedness (parent—
child and sibling—sibling) and cohort.

Statistical analyses

Of the 7634 participants who attended the seventh Offspring
exam (7 3539) or the first Third Generation exam (12 4095),
5887 had complete dietary and covariate data. Of these,
brachial FMD data were available for 5521, flow data were
available for 5067 and tonometry data were available for
5379. To maximise power, participants were included in the
analyses for which complete data were available. To deter-
mine power for the present analysis, we reviewed an earlier
Framingham Heart Study analysis of brachial FMD where
a final model including eight predictors yielded a multiple
R? of 0:16 for %FMD"'”. In the present study, the sample
size of 5521 (for brachial FMD data) provided >90% power
with an a of 0-05 to detect a change in the model R? of 0-01.

All analyses were conducted in SAS version 9.3 (SAS Insti-
tute, Inc.). DGAI-2010 scores were divided into equal quintiles
according to the full sample (2 5887 total, 7 1174 or 1175 per
quintile). Means and 95 % CI of participant characteristics and
potential covariates across quintile categories, adjusted for
age and sex, were computed using general linear models.
The statistical significance for trend was assessed using
linear regression for continuous variables with the DGAI-
2010 entered as a continuous score.

The DGAI-2010 score and all vascular outcome variables
were assessed for normality; baseline flow velocity and PWV
were positively skewed. A natural log transformation was
applied to baseline flow velocity and an inverse transform-
ation to PWV (1000/PWV). Quintile category means and
95 9% CI of vascular characteristics, adjusted for clinical covari-
ates (see below), were computed using general linear models.
Analysis of the residual plots indicated that the assumption of
linearity was met. The statistical significance for trend was
assessed with the DGAI-2010 entered as a continuous score,
and the generalised estimating equations approach was
applied to account for the familial correlations in the present
sample. First-order interactions between the DGAI-2010 and
age were assessed for each of the vascular characteristics
using model 2 (described below); variables with statistically
significant interactions were stratified (<50 or =50 years)
for further investigation.

For all vascular outcomes, two analyses were performed
with family relatedness and cohort indicator variables
included as covariates in all models. Model 1 adjusted for
age and sex, and model 2 additionally adjusted for relevant
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clinical covariates (BMI, mean arterial pressure, heart rate and
smoking status)'”?*?. We explored the effect of further adjust-
ing for total:HDL-cholesterol, TAG, diabetes, hypertension
therapy, lipid therapy, hormone replacement therapy and
prevalent CVD, and completing the walk test before vascular
testing in a third model; however, this analysis yielded the
same results as model 2 and is therefore not presented. For
all analyses, P<<0-05 was considered statistically significant.
Unless otherwise noted, results are presented as adjusted
means and 95% CI.

Results

The sample characteristics stratified by sex are presented in
Table 1. The sample was 54 % women, with an average age
of approximately 48 years for both men and women. The
mean DGAI-2010 score was 55 for men and 61 for women.
On average, both men and women were overweight, but
men tended to have a worse metabolic profile and a higher
use of anti-hypertensive and lipid-lowering medications.
Increasing DGAI-2010 scores were significantly associated
with increasing age (P<0-001) and decreasing BMI (P<0-001),
heart rate (P<0-001), total:HDL-cholesterol (P<0:001), TAG
(P<0-001) and glucose (P<0-001), and were significantly
higher among women (P<0-001) and non-smokers (P<0-001)
(data not shown).

The vascular characteristics according to the quintile cat-
egories of the DGAI-2010 are reported in Table 2 (model 1)
and Table 3 (model 2). Baseline brachial artery diameter and
FMD were not significantly associated with DGAI-2010
scores in model 1 or 2. Baseline mean flow velocity was
lower with higher DGAI-2010 scores in both models. Surpris-
ingly, hyperaemic mean flow velocity was lower with higher
DGAI-2010 scores in model 1, though this association was
blunted in the fully adjusted model. Further analysis indicated
that concurrent adjustment for heart rate, BMI and smoking
status (but not mean arterial pressure) attenuated the associ-
ation between hyperaemic mean flow velocity and diet, with
the greatest attenuation observed when smoking status was
added to the model. Mean arterial pressure and carotid—
femoral PWV were lower with higher dietary quintile scores
in model 1, but the relationships were attenuated in model 2;
further analysis indicated that adjustment for heart rate
alone rendered the associations non-significant. The augmen-
tation index was lower with increasing DGAI-2010 scores in
both models.

We tested the interactions between the DGAI-2010 and age
for vascular characteristics using model 2, and found a signifi-
cant interaction for mean arterial pressure, carotid—femoral
PWV and augmentation index. Stratified analyses (<50 or
=50 years; Table 4) indicated that mean arterial pressure is
lower with higher DGAI-2010 scores in younger adults
(B= —0-03, P=005), but not in older adults (8= 0-04,
P=0-09). Similarly, stratified analyses suggested that carotid—
femoral PWV is lower with higher DGAI-2010 scores in
younger adults (8= —003, P=001), but not in older
adults (8 = 0-001, P=0-00), although neither association was
statistically significant. The augmentation index in the younger

Table 2. Vascular characteristics according to the quintile category of the 2010 Dietary Guidelines Adherence Index (DGAI-2010; model 1), adjusted for age, sex, family relatedness and cohort

(Mean values and 95 % confidence intervals or ranges)*

5 (high adherence)

1 (low adherence)

P for continuous

DGAI-2010t

95% ClI Mean 95% ClI Mean 95% ClI Mean 95% ClI Mean 95% ClI

Mean

DGAI-2010

68-2—88-2

61-8—68-2

48-8—55-9 55-9-61-8

21.8-48-8

Range
Brachial artery measures

0-80
0-52

416, 4-23
441, 4.79

419

4-60

418, 4.24
4.56, 4-93

421 417, 424 4.21
4.47, 4-84

4.66

4.25 4.22,4.28
4.79 4-61, 498

4.15, 4.21

418

5665
5521

Baseline diameter (mm)

4.74

4.47, 4-84

4-65

Flow-mediated dilation (%)

Flow measures

<0-001

5.8, 6-3
55-4, 57.7

6-0

56-5

6-0, 6-4

6-2
57-6

6-2, 6-6
55.3, 57-6

6-9 67, 71 6-4

59-1

7-0,7-4
57-6, 59-8

7-2

58.7

5067
5067

Baseline mean flow velocity (cm/s)

0-006

56-5, 58-8

56-4

58-0, 60-3

Hyperaemic mean flow velocity (cm/s)

Vascular stiffness measures

<0-001
<0-001

89-4, 90-7

90-1

89-3, 90-6
7-26, 7-40

91-4 90-7, 92.0 91.5 909, 92.2 90-2 89.5, 90-8 90-0

5375
5019

Mean arterial pressure (mmHg)
Pulse wave velocity (m/s)

Augmentation index (%)

7-30, 7-44

7-37
8.7

7-33
85

7-30, 7-44

7-37
89

7-44,7-59

7.51
9-4

7-47,7-62

7-55
10-0

0-001

8-7, 10-1 82,96 7-8,9:2 8.0, 9:5

9.3, 10-7

5293

* Derived with general linear models adjusted for age, sex, cohort and family relatedness.

1 Derived from general estimating equations with the DGAI-2010 entered as a continuous score.
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Table 3. Adjusted vascular characteristics according to the quintile category of the 2010 Dietary Guidelines Adherence Index (DGAI-2010; model 2)

(Mean values and 95 % confidence intervals or ranges)*

5 (high adherence)

1 (low adherence)

P for continuous

DGAI-20101

95% ClI Mean 95% ClI Mean 95% ClI Mean 95% ClI Mean 95% ClI

Mean

DGAI-2010

55.9-61-8 61-8-68-2 68-2-88-2

48.8-55.9

21.8-48.8

Range
Brachial artery measures

0-11

0-25

416, 4-24
4.07, 4-54

4.20

417, 4.24
4.25, 4.71

4.20

4.48

416, 4-24
4.16, 4-61

4.20

4.38

4.18, 425
4.35,4.79

4.21
4.57

415 412,419

4.41

5665
5521

Baseline diameter (mm)

4.31

4.20, 4-62

Flow-mediated dilation (%)

Flow measures

0-003
0-07

69,75
56-0, 59-0

7-2
57-5

7-0,7-6
57-2, 60-1

7-3
58-6

71,77
55.8, 58.6

74
57-2

7.4,7-9
584, 61-1

7-6
59-8

7-5, 80
578, 60-4

77
59-1

5067

Baseline mean flow velocity (cm/s)

5067

Hyperaemic mean flow velocity (cm/s)

Vascular stiffness measures

2010 Dietary Guidelines and vascular health 1777

0-76
0-55
<0-001

898 891, 90-5 891 884, 89-9 89-3 88.5, 90-1 894 88.6, 90-2
7-39, 7-55

88-8, 90-2

89-5

5375

Mean arterial pressure (mmHg)
Pulse wave velocity (m/s)
Augmentation index (%)

7-36, 7-52

7.44
10-8

7.30, 7-46
9.7,11-3

7-38
105

7-31, 7-46
10-3, 11-9

7-38

11

7-47

746  7-39,7:53
121 115

5019

10-0, 11-7

1

11.3, 12.8 107, 12.3

5293

* Derived with general linear models adjusted for age, sex, cohort, family relatedness, BMI, mean arterial pressure, heart rate and smoking status.

1 Derived from general estimating equations with the DGAI-2010 entered as a continuous score.

group was significantly lower with higher DGAI-2010 scores
(B = —0-05, P=0-01); although a similar association was indi-
cated in the older group, it did not reach statistical significance
(B= —004, P=000).

Discussion

In a large cross-sectional community-based cohort study, we
have comprehensively evaluated the associations of adherence
to the 2010 DGA with measures of vascular function. Vasodilator
measures in both a conduit artery, assessed by brachial FMD,
and the microvessels, assessed by reactive hyperaemia, were
not associated with dietary adherence. Resting brachial flow
velocity, but not diameter, was related to dietary adherence.
The association of central aortic stiffness with diet in unadjusted
models appeared to be related to concomitant risk factors. How-
ever, wave reflection assessed by the augmentation index was
lower with greater dietary adherence, an association that was
more pronounced in adults younger than 50 years.

The cross-sectional relationships between selected dietary
components and FMD was previously examined in over
3000 adults in the Multi-Ethnic Study of Atherosclerosis
cohort, and found that among women (but not men), regular
fish intake was associated with higher FMD*®; however, fish
intake was the only component of diet reported. Numerous
clinical trials have reported beneficial effects of dietary inter-
ventions on FMD, such as interventions low in fat®*=2”| rich
in unsaturated fat®**®*?”  pased on the Mediterranean
diet® 3% or rich in protein®®. Additionally, a review of
observational studies has concluded that diets rich in fruits
and vegetables are inversely associated with biomarkers of
endothelial dysfunction (such as cellular adhesion molecules
and other pro-inflammatory markers), whereas Westernised
diets rich in meat are positively associated with biomarkers
of endothelial dysfunction®. In the present study, we
found that a dietary pattern in line with the 2010 DGA was
not related to baseline brachial diameter and FMD. It is poss-
ible that the food groups and nutrients highlighted by the
DGA are not those most important to vascular function, at
least when assessed by brachial FMD, as these guidelines
were meant to promote general health rather than prevent a
specific condition such as vascular disease. Thus, the use of
an overall index may be masking the effects of specific
foods and nutrients, including those previously shown to
modify endothelial function and arterial stiffness (e.g. nuts,
chocolate, tea, red wine, n-3 fatty acids and Na)3—0:36-42)
Importantly, as the 2010 DGA index does not include a com-
ponent specific to intake of fish rich in long-chain #-3 fatty
acids or overall PUFA consumption, we are unable to compare
our findings with those reported in the Multi-Ethnic Study
of Atherosclerosis study described above. The differences
between the present results and previous intervention trials
may be explained by the limitations of cross-sectional
observational studies and FFQ in assessing diet. Short-term
intervention studies that provide food to participants can
more accurately measure consumption of a particular food
or dietary pattern, and thereby establish efficacy in modifying
endothelial function.
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Table 4. Vascular characteristics according to the quintile category of the 2010 Dietary Guidelines Adherence Index (DGAI-2010), stratified by age

(Mean values and 95 % confidence intervals)*

5 (high adherence)

1 (low adherence)

P for continuous

DGAI-20101

95% Cl Mean 95 % Cl Mean 95% CI Mean 95% Cl Mean 95% CI B2

Mean

Mean arterial pressure (mmHg)

0-05
0-09

-0-03

84.8, 87-1

85-9

85.-3, 87-5

86-4

85-2, 87-3

86-3

856, 87-6

86-6

86-1, 88-0
92.2, 94.9

7.1

8

3214

Age <50 years

0-04

93.8,96:6  94.0 92.6,954 94.2 92.8,95.5 95.1 93.8, 96-4

93-5 95.2

2161

Age =50 years
Carotid—femoral pulse wave velocity (m/s)

0-29
0-97

0-03
0-00

6-53, 6-73

6-63
908

6-53, 6-72

6-62

6-54, 6.72

6-63

6-57, 6-75

6-66
9:13

6-60, 6-77

6-69

3067

Age <50 years

8-89, 9-27

8-70, 9-07 8.88  8.70,9-07

8-88

8:94,9-34

9:02  8-38,9-21

1952

Age =50 years
Augmentation index (%)

0-01
0-06

~0.05
~0.04

5.3, 7.9
154, 18-1

6-6
6-8

4.9, 7.4
15.3, 18-0

70 5.8, 82 62
15.5, 181

16-8

6.0, 8-3
16-1, 18-8

7.2
17-4

7-4 6-3, 8:5
17-1,19-8

8-4

3202

Age <50 years

1

66

1

1

2091

Age =50 years

*Derived with general linear models adjusted for age (continuous), sex, BMI, mean arterial pressure, heart rate and smoking status.

1 Derived from general estimating equations with the DGAI-2010 entered as a continuous score.
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Brachial flow velocities at rest and during hyperaemia
reflect arterial properties in the microcirculation. In the pre-
sent analysis, we have shown that increased adherence to
the 2010 DGA is associated with lower baseline (resting)
flow velocity. In the fully adjusted model, we observed a
difference in mean baseline flow velocity between the
bottom and top quintiles of diet scores of —0-5cm/s. Prior
studies in the present cohort and others have demonstrated
the associations between higher resting flow velocity and
CVD risk factors (particularly metabolic risk factors)*®,
there is evidence that higher resting flow may induce small-
vessel damage“?. The absolute difference in resting flow
that we observed between quintile 1 and quintile 5 (0-5cm/s)
is similar in magnitude to the 0-39 cm/s increase predicted
by every increase of 1-3 in total:HDL-cholesterol ratio and
to the 0-75cm/s increase predicted by every increase of
46kg/m” in BMI in a prior analysis of the Framingham
Heart Study“™. Taken together, the present results suggest
that adherence to the 2010 DGA may be as important as
other CVD risk factors in determining resting flow velocity.

Hyperaemic flow reflects small-vessel vasodilation in
response to ischaemia, and also predicts CVD outcomes and
correlates with CVD risk factors'® =", We found an unex-
pected trend towards a negative association for adherence to
the DGA and hyperaemic flow velocity in the age- and sex-
adjusted model that was blunted in the fully adjusted model.
Further analysis indicated that heart rate, BMI and smoking
status accounted for the association of DGAI-2010 scores
and hyperaemic flow velocity.

Prior observational studies have indicated that diets rich in
meat intake and high alcohol consumption are associated
with greater arterial stiffness ®3°
alcohol consumption®”~? low Na intake“?, greater fruit
and vegetable consumption®, and greater consumption of
dairy products"*>*® have been associated with lower arterial
stiffness. In the present study, adherence to the DGA was
related to mean arterial pressure, carotid—femoral PWV and
augmentation index in the age- and sex-adjusted model, but
only the augmentation index remained significantly associated
with the DGAI-2010 after further adjustment for CVD risk fac-
tors. On average, the difference in the augmentation index (%)
between the bottom and top quintiles of dietary scores was
1-:3%, which was similar to the increase of 0-93% predicted
by every 85 year increase in age within the present
cohort®. This finding is consistent with reduced wave reflec-
tion and ventricular ejection®” with greater adherence to the
DGA. Further analyses indicated that the relationship between
PWV and diet observed in the age- and sex-adjusted model
was no longer evident after adjustment for heart rate. Heart
rate is an important potential confounder of associations
with carotid—femoral PWV®” and researchers are encour-
aged to adjust for this in future studies.

There was a significant interaction between the DGAI-2010
and age for vascular stiffness measures that persisted after
adjustment for heart rate and the other covariates in model 2.
Age is the predominant risk factor for CVD“®, and advancing
age increases the risk despite the control of modifiable life-

style factors®’~>¥. Stratified analyses indicated that mean

and

) whereas diets with moderate

ssaud Aussanun sbpuquied Ag auluo paysiignd 6580005 LS L L£000S/ZL0L'0L/B10"10p//:sdny


https://doi.org/10.1017/S0007114515000859

oF

British Journal of Nutrition

2010 Dietary Guidelines and vascular health 1779

arterial pressure and arterial wave reflection were lower with
higher DGAI-2010 scores in adults younger than 50 years, but
in those aged 50 years and older, the associations were not
strong or were statistically non-significant. While stratified ana-
lyses for PWV were non-significant for both age groups, the
trend towards lower PWV with higher DGAI-2010 scores
was notably stronger in the younger group. Collectively, the
present results indicate that for younger adults, following a
diet that more closely resembles the 2010 DGA is associated
with better vascular health. In contrast, for older adults,
adherence to the 2010 DGA is unrelated to vascular health.
Longitudinal studies and intervention studies with long-term
follow-up are needed to understand the possible dietary con-
tribution to vascular decline.

The goal of the present study was to examine the associ-
ation between adherence to the DGA and vascular health.
However, there may be limitations to this approach. The
DGA are evidence-based recommendations that provide gui-
dance for choosing an eating pattern that promotes health
and prevents disease, but as noted above, these recommen-
dations do not focus solely on vascular disease. Moreover,
few individuals in this cohort consumed diets that closely
adhered to the DGA, which may limit our ability to see ben-
efits of this dietary pattern. Other limitations of the study
include its cross-sectional nature that prevents us from draw-
ing conclusions about causation and related mechanisms.
The Framingham cohorts are overwhelmingly white; thus,
generalisation to other races or ethnicities is limited. However,
the use of this large well-characterised sample enables us to
examine the relationship between diet and vascular health
with consideration of CVD risk factors. In addition, the age
range of this sample (19-89 years) allowed us to examine
the relationship between diet quality and vascular health
over a wide age range.

In conclusion, we have shown that adherence to the 2010
DGA is associated with measures of blood flow velocity and
arterial wave reflection, but not related to brachial FMD.
Importantly, we have demonstrated that diet may be particu-
larly related to vascular health in adults younger than
50 years. Future studies should examine whether interventions
that increase adherence to the DGA modify vascular health,
especially among younger adults.

Supplementary material

To view supplementary material for this article, please visit
http://dx.doi.org/10.1017/S0007114515000859
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