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General introduction






GENERAL INTRODUCTION

Dietary patterns are multiple dietary components operationalized as a single
exposure; they reflect entire diets [1, 2]. The long history of epidemiologic study
into diet and cardiovascular disease (CVD) has traditionally relied on analysis of
specific nutrients or foods [1-3]. Because they reflect real-world dietary preferences,
dietary patterns might be easier to interpret and communicate than findings for
nutrients or individual foods. The dietary pattern approach, as opposed to nutrient- or
individual-food-based analysis, has become increasingly popular over the past decade.

The use of dietary patterns as a single exposure has increased for several reasons.
First, it is often difficult to separate the specific effects of nutrients or food groups
because of the highly interrelated nature of dietary exposures [4]. Also, neither
nutrients nor foods are consumed singly, and important synergy among and
within foods likely exists, where the joint effect of the diet’s constituent parts may
be greater than the individual effects of single foods and nutrients [1, 2].

Furthermore, observational evidence for some specific nutrients have been
contradicted by large randomized controlled trials [5, 6] suggesting that findings
from observational studies may represent a broader role of diet. However, an
intervention trial, the Dietary Approached to Stop Hypertension with an overall
diet focus, was successful in demonstrating that dietary patterns can favorably
affect blood pressure, a major CVD risk factor [7]. Furthermore, two intervention
studies investigating Mediterranean dietary patterns the Lyon Diet-Heart Study [8]
and the Prevencién con Dieta Mediterrdnea (PREDIMED) [9] showed protective effects
in prevention of cardiovascular events. It has been suggested that, for making public
health recommendations, dietary patterns might be easier to interpret or translate
into diets than individual foods and nutrients.

Dietary patterns in epidemiology

In general, two types of methods are used to define dietary patterns: 1) theoretically,
or a priori, defined dietary scores and 2) empirically, or a posteriori, derived dietary
patterns.

Apriori dietary scores have been developed to assess diet quality based on adherence
to dietary patterns or recommendations [10, 11]. In addition to dietary-guideline-
based indices, such as the ‘Healthy Eating Index’, examples of other a priori patterns
include the ‘Dietary Approaches to Stop Hypertension index’, and cultural diets,
such as traditional Mediterranean, Japanese, or vegetarian diets. A review of dietary
quality indices documented 20 distinct indices of overall diet quality [10]. Among
these, the ‘Healthy Eating Index’ [12] and ‘Alternate Healthy Eating Index’ [13], the
‘Healthy Diet Indicator’ [14], and the ‘Mediterranean Diet Score’ [15] have been
studied most extensively.

Many of the existing diet scores include both nutrient recommendations and
foods or food groups. It is recognized that nutrient-based targets are difficult to



CHAPTER 1

interpret by the public, therefore, for dietary guidance at minimum translation of
nutrients to foods is needed [16, 17]. As a consequence, food-based a priori scores
have the advantage that they are easier to translate into diet recommendations.
There are several difficulties in creating a food-based dietary score, however, as
there are no specific guidelines on which foods should be included or how foods
should be scored.

Another way of examining dietary patterns is an ‘a posteriori’ approach. Factor
analysis (e.g. principal components analysis (PCA)) and cluster analysis [18] are two
commonly used methods to derive dietary patterns [19]. Factor analysis reduces
data into patterns based upon intercorrelations between dietary items, whereas
cluster analysis reduces data into patterns based upon individual differences in mean
intakes [19]. Recently, the treelet transform has been introduced as a combination
of PCA and cluster analysis [20].

PCA is commonly used to define dietary patterns. PCA derived patterns or
components are direct linear relationships of the underlying dietary variables.
The derived dietary pattern variables explain as much as possible of the total
variation of the original dietary variables [21]. Each participant receives a factor
score for each derived pattern representing the level of adherence to that dietary
pattern. Because the a posteriori approaches generate patterns based on available
empirical data without a priori hypothesis they do not necessarily represent
optimal diets [2]. However, they do allow us to gain insight into existing food
consumption patterns within the populations and patterns that may be associated
with higher or lower health risk.

Dietary patterns, endothelial function, oxidative stress,

CVD and all-cause mortality

Both a priori and a posteriori approaches have yielded significant associations with
a range of early stage markers of CVD. Generally, the literature supports a role for
dietary patterns in CVD-related outcomes, with a protective influence of plant-
based diets (e.g., dietary patterns rich in fruit, vegetables, and whole grains, and
low in meat and refined grains) and negative influence of diets high in meat and
refined grains.

Observational studies showed that higher scores on diet quality indices such as a
‘Mediterranean Diet Score’ and ‘Alternative Healthy Eating Index’ were associated
with lower concentrations of the endothelial function markers: E-selectin, soluble
intercellular cell adhesion molecule 1 (SICAM-1), and soluble vascular cell adhesion
molecule 1 (SVCAM-1) [22]. Similarly, an a posteriori dietary pattern labelled as
‘Prudent’ characterized by higher intakes of fruit, vegetables, legumes, fish, poultry,
and whole grains was associated with lower concentrations of E-selectin, and a

10



GENERAL INTRODUCTION

dietary pattern labelled as ‘Western’ characterized by higher intakes of red and
processed meats, sweets, desserts, French fries, and refined grains was associated
with higher concentration of E-selectin, sSICAM-1 and s-VCAM-1 [23]. A “‘Whole
Grain and Fruit’ [24] dietary pattern characterized by whole grains, fruit, nuts,
and green leafy vegetables was inversely associated with SICAM-1.

There are few studies of oxidative stress and dietary patterns. Two intervention
studies provided evidence for the relation of dietary patterns with oxidative stress.
Lopes et al. found that among free-living obese hypertensives the ‘Dietary Approaches
to Stop Hypertension Combination Diet’ reduced oxidative stress induced by acute
hyperlipidemia [25]. Miller et al. found that modification of diet can favorably
affect serum antioxidant capacity and protect against lipid peroxidation in a
randomized trial [26]. Furthermore, two studies showed beneficial effects of fruit
and vegetable intake on markers of oxidative stress [27, 28|.

A lower risk of CVD and all-cause mortality has been associated with several
indices of diet quality. For example, in observational studies associations of CVD
and all-cause mortality have been shown with the ‘Mediterranean Diet Score’
[29-31], the ‘Alternative Healthy Eating Index’ [13], the ‘Healthy Diet Indicator’ [14,
29] and the ‘Recommended Food Score’ [13, 32, 33|.

Variability in findings of dietary patterns with early stage markers
of CVD and mortality

There remains significant variability across studies in how dietary patterns are
operationalized and modeled in statistical analysis. Variability in study findings of
dietary patterns and scores with cardiovascular outcomes indicate that additional
work is needed to better understand underlying dynamics of dietary patterns.

For example, a study comparing the association of several a priori dietary
scores with early markers of CVD risk found associations for the ‘Alternative
Healthy Eating Index’ and ‘alternate Mediterranean Diet Index’ but not for the
‘Healthy Eating Index’ and ‘Diet Quality Index Revised’ [22]. Similarly, comparing
several a posteriori dietary patterns, a principal components analysis-derived
‘American Healthy’ dietary pattern was not associated, but a ‘Western’ dietary
pattern was positively associated with early stage markers of CVD risk [34].

Studies on dietary indices and CVD outcomes have reported differences in
estimates of the strength of the associations comparing two a priori patterns.
McCullough et al. found that the ‘Alternative Healthy Eating Index’ was inversely
associated with CVD risk in both men and women, whereas the ‘Recommended
Food Score’ was not associated with CVD risk in women [13]. Similarly, Michels et
al. showed a significant inverse association for an a priori ‘Recommended Food
Score’, but no association for a ‘Not Recommended Food Score’ with CVD and
all-cause mortality [33].

11
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Comparing several a posteriori patterns Fung et al. showed that a ‘Prudent’
dietary pattern was not associated, but a ‘Western’ dietary pattern was positively
associated with stroke risk [35]. Comparing a priori and a posteriori patterns in the
same study sample, Osler et al. found no association for the ‘Healthy Food Index’
and the PCA derived ‘Western’ pattern with coronary heart disease. The PCA
derived ‘Prudent’ pattern was associated with a lower risk of coronary heart
disease but lost significance after controlling for confounding. Furthermore, the
associations with the PCA derived dietary patterns were modified by BMI [36].

Studies that compared multiple diet scores suggested that solely food-based
diet scores are better predictors of mortality than scores based predominantly on
nutrient intakes, or combination of nutrients and foods [37-39]. Studies in the
elderly suggested that dietary patterns were associated with mortality risk in
elderly under 80 years of age but not in elderly older than 80 years [40] or only in
those aged under 75 years [41].

Therefore, investigations comparing several methodological approaches in a
single dataset are needed to better understand the sensitivity of findings to dietary
pattern construction and to better understand different dietary patterns with
respect to foods, nutrients, and as measures of dietary quality. Furthermore,
associations of diet defined by different methodological approaches with CVD
outcomes improves insight into the diet and CVD relationships .

Rationale

Only few studies have evaluated and compared different methodological approaches
to define dietary patterns in relation to the development of CVD within one study
[42-44]. Also studies on the association of dietary patterns with early stage markers
of CVD are limited and diverse in terms of study populations, study design and
methods of defining dietary patterns. Further research is needed to investigate
and compare several methodological approaches of dietary pattern analysis in
predicting early stage markers of CVD and mortality. Furthermore, there are only
a few solely food-based dietary scores, further research is needed to investigate
methodology for creating food-based dietary scores and to investigate these scores
in predicting mortality.

12
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OUTLINE OF THIS THESIS

The aim of this thesis is to create, examine and compare several dietary patterns
and indices and assess these in relationship to both early stage markers of CVD
(markers of endothelial function and oxidative stress) and CVD and all-cause
mortality.

Chapter 2 describes the creation of the ‘A Priori Diet Quality Score’, representing
overall diet quality. Furthermore, the longitudinal trends in diet and the effects of
gender, race and education on diet pattern change will also be examined. Chapter
3 describes prospective associations of the ‘A Priori Diet Quality Score’ and two
dietary patterns derived using principal components analysis the ‘Fruit and
Vegetables’ dietary pattern (characterized by high intakes of fruit, vegetables, and
whole grains) and the ‘Meat’ dietary pattern (characterized by high intakes of red
meat, refined grain, and butter) with cellular adhesion molecules (CAMs) E-selectin,
P-selectin, intercellular adhesion molecule-1 (ICAM-1), and vascular cell adhesion
molecule (VCAM). Chapter 4 describes prospective associations of the ‘A Priori Diet
Quality Score’, ‘Fruit and Vegetables’ dietary pattern and ‘Meat’ dietary pattern
and a plasma biomarker of lipid peroxidation, F,-isoprostanes. The chapters 2-4 are
all based on data from the Coronary Artery Risk Development in Young Adults
(CARDIA) study. Chapter 5 describes a food classification system derived from the
Food-based Dietary Guidelines in the Netherlands that can be used to systematically
and objectively classify foods in relation to their effects on health. This classification
system also provides a framework to create food-based dietary scores for epidemiologic
research on diet and chronic disease relationships. Chapter 6 describes the creation
of two dietary scores the ‘Dutch Healthy Nutrient and Food Score’ (DHNaFS) and
the ‘Dutch Undesirable Nutrient and Food Score’ (DUNaFS) based on the food
classification system described in chapter 5 in the Alpha Omega Trial. Furthermore,
the association of these dietary scores with CVD and all-cause mortality in cardiac
patients will be assessed. Similar food-based dietary scores will be created in the
Zutphen Elderly study in chapter 7, in which we investigate the associations of the
dietary scores with CVD and all-cause mortality in men with and without cardio-
vascular-metabolic diseases. Chapter 8 discusses the main findings and implications
of the different studies presented in this thesis.
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CHAPTER 2

ABSTRACT

Background: The food supply and dietary preferences have changed in recent decades.

Objective: We studied time- and age-related individual and population-wide changes
in a dietary quality score and food groups during 1985-2006.

Design: The Coronary Artery Risk Development in Young Adults (CARDIA) study of
5115 black and white men and women aged 18-30 y at year 0 (1985-1986) assessed
diet at examinations at study years 0, 7 (1992-1993), and 20 (2005-2006). The dietary
quality score, which was validated by its inverse association with cardiovascular
disease risk, summed 46 food groups rated by investigators as positive or negative
on the basis of hypothesized health effects. We used repeated-measures regression
to estimate time specific mean diet scores and servings per day of food groups.

Results: In 2652 participants with all 3 diet assessments, the mean (+SD) dietary
quality score increased from 64.1 + 13.0 at year 0 to 71.1 £ 12.6 at year 20, which
was mostly attributable to increased age. However, the secular trend, which was
estimated from differences of dietary quality scores across time at a fixed age (age
matched time trend), decreased. The diet score was higher in whites than in blacks
and in women than in men and increased with education, but demographic gaps
in the score narrowed over 20 y. There tended to be increases in positively rated
food groups and decreases in negatively rated food groups, which were generally
similar in direction across demographic groups.

Conclusions: The CARDIA study showed many age-related, desirable changes in food

intake over 20 y of observation, despite a secular trend toward a lower diet quality.
Nevertheless, demographic disparities in diet persist.
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INTRODUCTION

Food availability, supply, and environment changed considerably between 1985
and 2006. There have been a variety of international dietary recommendations for
reducing risk of ischemic heart disease. Recently, recommendations have begun to
emphasize particular food groups, which may be easier for the population to
implement. The 1985 US Dietary Guidelines [1] encouraged increased intakes of
fruit and vegetables; however, in the 2010 US Dietary Guidelines [2], food-group
recommendations have been extended and advise a shift in food intake to a more
plant-based diet that emphasizes fruit, vegetables, legumes, whole grains, nuts,
and seeds. In addition, increased intakes of seafood and low-fat dairy products and
consumption of only moderate amounts of lean meats, poultry, and eggs were
likewise recommended [2]. Recommendations are ultimately intended to guide
the public to a healthful diet; compared with nutrient recommendations, food
recommendations have been more stable and may be easier for the population
to implement. However, more information is needed about whether earlier
recommendations correspond to actual changes in dietary intakes in the general
population and whether changes are different in socio-demographic groups.

Some data suggested that diet quality has improved over recent decades despite
population-wide weight gain, but secular trends and age effects were not distinguished
[3]- Because people age from young adulthood to middle age, they tend to improve their
diet [4-6]. In contrast, one study reported an unfavorable secular diet quality trend
and a lower proportion of the population who met the national recommended nutrient
and food intakes in 2 cross-sectional studies in 2000 and 2005 [7]. Some reports of
trends in food-group and nutrient intakes have focused on differentials by sex |3, 8],
race, or education [9]. The Coronary Artery Risk Development in Young Adults (CARDIA)
study reported that the Keys score, which is a measure of the tendency of diet to alter
serum cholesterol, tended to decrease in young adult between 1985-1986 and 1992-
1993, which was similar for black and white men and women and concordant with a
secular trend toward lower serum cholesterol, despite increasing obesity [10]. These
studies documented demographic differences in diet that did not narrow over time
[8-10]. Furthermore, during the last few decades, major societal changes in the food
environment have occurred. Fastfood availability and consumption has increased greatly
[11], and restaurant portion sizes have increased [12]. The production and availability of
processed foods, including boxed or packaged and frozen foods, increased [13].

We used an a priori diet score that has been validated as a measure of dietary
quality in that it is a predictor of myocardial infarction [14], diabetes [15], and
variables that are apparently on the causal pathway for clinical cardiovascular
disease [16, 17]. The A Priori Diet Quality Score is novel in that it is based on a priori
reasoning and solely on foods consumed rather than on nutrients.
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In light of the societal influences mentioned, we compared CARDIA diet data
between 1985-1986 and 2005-2006. We hypothesized that a secular trend toward
a worse overall a priori diet quality exists but that certain improvements in dietary
quality, such as an increased intake of phytochemical-rich plant food and
decreased intake of red meat, would be evident and consistent with recent dietary
recommendations. In addition, we hypothesized that these improvements in
dietary quality would be age related and more common among certain socio-
demographic strata, such as higher education, white race, and female sex (i.e. that
demographic gaps would widen over 20 y).

SUBJECTS AND METHODS

Study sample

The CARDIA study is a multicenter, longitudinal investigation of the evolution of
ischemic heart disease risk starting in young adulthood [18]. The CARDIA study
began in 1985-1986 with 5115 black and white adults aged 18-30 y from 4
metropolitan areas (Birmingham, AL; Chicago, IL; Minneapolis, MN; and Oakland,
CA). Study participants were sampled to obtain roughly equal numbers of blacks
(51.5%) and whites (48.5%), men (45.5%) and women (54.5%), ages 18-24 y (44.9%)
and 25-30y (55.1%), and with a high school education or less (39.7%) or more than
a high school education (60.3%). Among 6 follow-up examinations were those in
1992-1993 (year 7) and 2005-2006 (year 20). A majority of the surviving cohort
membership has been examined at each of the follow-up examinations (81% of
subjects at year 7 and 72% of subjects at year 20); 87% of subjects have attended > 2
examinations at years 0, 7, and 20, and 63% of subjects attended all 3 examinations.
Participants who attended a clinic but had no dietary data (n = 4, 143, and 406 at
years 0, 7, and 20, respectively) or an implausibly high or low energy intake (<800
or >8000 kcal/d for men; <600 or >6000 kcal/d for women; n = 128, 94, and 54 at
years 0, 7, and 20, respectively) were excluded from analysis. After exclusion, there
were 4983, 3849, and 3089 participants with diet measured at years 0, 7, and 20,
respectively, and 2652 participants who completed the diet assessment at all 3
examinations. Findings differed little between all available participants and the
cohort of 2652 people with complete data. The CARDIA study was approved by the
institutional review board of each field center; each study participant provided
informed written consent.

Other baseline measurements

Standard questionnaires were used to obtain selfreported demographic and
behavioral information. Sex, race, date of birth, education, and cigarette smoking

22



LONGITUDINAL TRENDS IN DIETARY QUALITY SCORE

were ascertained by a structured interview or self-administered questionnaire at
each examination. Selfrreported smoking status was classified as never, former, or
current smoker. Height and weight were measured at each examination and
recorded to the nearest 0.5 cm and 0.2 kg, respectively. BMI was defined as weight
(in kg) divided by height squared (in m2). A physical activity score was derived from
the CARDIA Physical Activity History, which is a simplified version of the
Minnesota Leisure Time Physical Activity Questionnaire [19], at each examination.
Educational status was quantified asyears attained as reported at each examination
(Table 1) or as the maximum (at any visit) reported number of years of schooling
completed in stratification (Table 2).

Dietary assessment and food-group creation

Diet was assessed at years 0, 7, and 20 by using an interviewer administered
CARDIA Diet History [20]. Interviewers asked open-ended questions about dietary
consumption in the past month within 100 food categories that referenced 1609
separate food items during years 0 and 7 and many more at year 20. The diet
assessment methods were maintained across examinations; despite the increase in
the number of food items reported, which was a reflection of the changing food
supply. In addition, fast-food restaurant use (visitsjwk) was queried at each
examination and eating breakfast (d/wk) was queried at years 7 and 20. Foods were
assigned in one of 166 food groups by using the food-grouping system devised by
the University of Minnesota Nutrition Coordinating Center. Food-group intake
was assessed as servings per day of constituent foods. We excluded 6 infant-product
food groups (not relevant), unsweetened water (collected at year 20 only), and
non-grain flour (rarely consumed). In addition, we collapsed these 158 food groups
into 46 food groups, which, in turn, were based on considerations of similar
nutrient characteristics, hypothesized biologic effects, and comparability to food
groups defined in previous studies [9].

Description of the a priori dietary pattern score

We created a dietary pattern score from the 46 foods groups as done in previous
studies [14-17]. The A Priori score was created by classifying foods groups according
to investigator ratings that matched those established in the initial use of the A
Priori score [14] as beneficial (n = 20), adverse (n = 13), or neutral (n = 13) in terms of
hypothesized health effects. See Table 1 under “Supplemental data” in the online
issue for details about the investigator ratings of food groups and the CARDIA a
priori assignment. Food groups considered beneficial or adverse with respect to
health effects were categorized into quintiles of consumption, and study
participants received a score of 0—4 for each of the 46 food groups, depending on
their amount of consumption. In food groups with large subsets of non-consumers,
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non-consumers were coded 0 and consumers were split into quartiles with scores
from 1 to 4 to ensure variability across 5 levels of consumption. The A Priori dietary
pattern score was the sum of category scores 0—-4 for the positively rated food
groups plus scores in reverse order (4-0) for negatively rated food groups.

Food groups that were considered neutral did not contribute to the overall
A Priori dietary pattern score. The theoretical maximum score was 132. It was
assumed that a higher A Priori dietary pattern score indicated better diet quality.
A one-unit change in the score was a change of one category (usually one quintile)
of one food group in the presumed positive direction. To assess the change in the
overall dietary pattern, we scaled the score according to baseline parameters.
Specifically, we used the cutoffs of food group categories as determined at year 0,
which were then applied to dietary data of years 0, 7, and 20.

A baseline reliability study of nutrient consumption from the diet history
showed that sex- and energy-adjusted 1-mo test-retest correlations were lower for
blacks (0.27-0.58) than for whites (0.54-0.82). Correlations between mean nutrient
intakes from the diet history and 7 random 24-h dietary recalls ranged from 0.50
to 0.86 for white men to 0.20-0.53 for black women, with the exception of
carbohydrates in black women, r = 0.04 [21]. Despite the suggestion that the diet
history was less reliable in blacks than in whites, the correlations for the A Priori
diet score tracking over time were high in both races. In blacks, the correlation
between years 0 and 7 was 0.51, between years 7 and 20 was 0.52, and between
years 0 and 20 was 0.43. These correlations were slightly lower than the
corresponding correlations in whites (i.e. 0.62, 0.61, and 0.57, respectively). The
diet score tracked over time more highly than did the direct questions about fast
food (0.30, 0.27, and 0.18, respectively) and breakfast eating (0.46 between years 7
and 20); in each case, the tracking was somewhat higher in whites than in blacks.

Statistical analysis

We based most analyses on the cohort of 2652 people with complete data. We used
the personal computer version (9.2) of the Statistical Analysis System (SAS Institute
Inc.) for all analyses. A longitudinal analysis was conducted by using the 3 repeated
measures of the dietary pattern score modeled as the outcome variable in a mixed
model (SAS PROC MIXED, n = 2652; SAS Institute Inc.). We examined several regression
models with different levels of adjustment. The model included participant sex
(male or female sex), study center (Birmingham, Chicago, Minneapolis, or Oakland),
race (white or black), total energy intake (kcal/d), age at year 0 (continuous), and
time (continuous or discrete, depending on the model). Sensitivity models also
included BMI (continuous). SAS PROC MIXED (SAS Institute Inc.) with time modeled
as a continuous variable was used to obtain the P-trend. Interactions with race,
sex, and maximum achieved education were analyzed by using product terms (e.g.
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time x race). To separate secular trends from age effects, we plotted unadjusted
means and 95% CIs and included all available participants (n = 4983). A mixed
model was also used to estimate the A Priori diet score at ages 20 and 50 y by
following the linear equation that linked the A Priori diet score to age within each
examination [12]. In this model, the dependent variable was the repeated A Priori
diet score, and independent variables were the current age (continuous) and year of
examination (0, 7, or 20). The model was repeated with adjustment for race, sex,
and time-dependent energy intakes. Statistical significance was considered to be met
at P<0.05.

To study changes in food groups over time, we computed mean servings per
day for each food group and time point. We assessed the P-trend in a mixed model
by using time as a continuous variable. We examined demographic interactions by
noting the race x sex or education (high school degree or less compared with any
college) interaction with P < 0.0011 (Bonferroni adjusted for 46 food-group
comparisons). For race and sex, we hierarchically deleted non-significant interaction
terms (i.e. we first examined a model with race x time, sex x time, and race x sex X
time terms). If the race x sex x time term had a P value 2 0.0011, we deleted it and
examined lower-order interactions.

RESULTS

Sample characteristics

Characteristics of the study participants for each survey are shown in Table 1.
Years of education attained increased significantly over 20 y, as did BMI and waist
circumference. Physical activity decreased between years 0 and 7, whereas current
smoking decreased over 20 y. Total energy intake decreased between years 7 and
20. Carbohydrate intake increased between years 0 and 7 but decreased between
years 7 and 20. Protein intake increased between years 7 and 20. Total fat intake
decreased between years 0 and 7 but rebounded by year 20, whereas changes in
saturated and polyunsaturated fats were monotonically decreasing and increasing,
respectively. Participants reported visiting fast-food restaurants, on average,
almost twice per week, which decreased to 1.6 times/wk at year 20. Participants
reported eating breakfast 4.2 times/wk at year 7, which increased to 4.8 times/wk
at year 20.

Trends in the diet-quality score

The unadjusted mean (£SD) A Priori dietary pattern score in the 2652 participants
whose diet was assessed on all occasions was 64.1 +13.0,67.5+12.1,and 71.1 £12.6
at years 0, 7, and 20, respectively (Table 2). Participants who did not attend all
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examinations or who otherwise had missing dietary data at any time point showed
significantly lower scores (corresponding values: 61.0 £ 12.8 (n = 2331), 65.4 + 12.4
(n=1197), and 66.8 6 13.2 (n = 437); P < 0.0001). The dietary pattern score varied by
demographic group and was higher in whites than in blacks and in women than
in men. The score was also higher with greater educational attainment. In contrast,
changes over time were most positive in groups that initially had lower scores.
There was a larger increase in the dietary pattern score in blacks (8 units) than in
whites (6 units) (P < 0.0001), and the increase in the score was less with increased
educational attainment. Adjustment for sex, race, center, education, age, and total
energy intake had little effect on the unadjusted means. Further adjustment for
BMI did not change the outcomes.

The variability in score over race, sex, education, and time was substantial.
For example, the unadjusted score in participants whose diet was assessed on all
occasions was 54.6 £ 9.8 in year 0 in 109 black men who had no education past high
school, which increased at year 20 to 61.0 + 11.3 (P < 0.0001) compared with 72.5
12.3 in year 0 in 726 white women who had more than a college education, which
increased at year 20 to 78.3 £ 11.3 (P < 0.0001) (Figure 1).

85 <13 years education 213 years education
80 804
s Year 0

W Year 20 °F 0

Mean a priori score

81
70
709 992
L
65 & 397
166
151 169 164
60 I 1 1096
708 o
55 386 338 I
& IS h
h h i j
50 g ]

Black Black White White Black Black White White
male female male female male female male female

FIGURE 1 Unadjusted mean (95% CI) A Priori diet score according to race, sex, and educational
groups; all available diet records: n = 4983 at year 0 (1985-1986) and 3089 at year 20 (2005-2006).
Bars with different letters differed significantly from one another (P, 0.05) in pairwise

comparisons. The race, sex, and education comparison was done separately for years 0 and 20.
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Aging compared with secular trends

As shown in Figure 2, a large part of the change in the A Priori diet score was
attributable to the increasing age of the sample. On the basis of repeated-measures
regression analysis with adjustment for race, sex, maximum achieved education,
and time-dependent energy intake, the increase in the score with age was greatest
in the earliest examination (when the participants were youngest) at 0.87 + 0.043
units/y of age observed at year 0, 0.47 *+ 0.047 units/y of age observed at year 7,
and 0.38 # 0.051 units/y of age observed at year 20 (P < 0.0001 for the time x age
interaction).

The secular trend (the average vertical distance between examination-specific
curves shown in Figure 2; the so-called age-matched time trend) was negative
throughout the study. Between years 0 and 7, people aged 25-30 y in 1992-1993
had a slightly lower mean diet score than did people aged 25-30 y in 1985-1986.
Although there were no overlapping ages observed at both years 7 and 20,
extrapolation of the curves in Figure 2, with adjustment for race, sex, maximum
achieved education, and time-dependent energy intake, suggested a mean A Priori
diet score of 78.7 at age 50 y if the age pattern at year 0 had been followed, of
68.8 if the age pattern at year 7 had been followed, and of 65.8 if the age pattern at
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FIGURE 2 Mean (95% CI) A Priori diet score according to current age and year of examination.
Adjusted for sex, race, center, age, and total energy (kcal/d); all available diet records: n = 4962
atyear 0 (1985-1986), 3803 at year 7 (1992-1993), and 3057 at year 20 (2005-2006).
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year 20 had been followed. Although a linear age pattern appears to fit the data in
Figure 2 well, we did not have sufficient age range in any examination to completely
exclude curvature in the association of the diet-pattern score with age.

Changes in food groups

Change in selected food groups over 20 y that corresponded to changes in dietary
pattern scores is shown in Table 3. Changes were more prominent and generally
more consistent in negatively rated food groups than in neutrally or positively
rated food groups, which were generally in a direction consistent with the
philosophy of the A Priori diet score. Of the 46 food groups studied, 43 food groups
showed a significant trend over 20 y; however, these trends did not always display
a monotonic trend over 20 y. Decreases of 0.5 servings/d occurred in intakes of
butter, regular red meat, whole-fat dairy and soft drinks in the negatively rated
food groups. Increases of 20.35 servings/d were seen in intakes of seeds and nuts,
green vegetables, soy products, and oil in the positively rated food groups. Several
substantial changes occurred in neutrally rated food groups as follows: intakes of
refined grains decreased by 1.0 serving/d, whereas intakes of sugar substitutes and
diet soft drinks increased by 20.26 servings/d. (See Table 2 under “Supplemental
data” in the online issue for a complete analysis of changes in all 46 food groups
that composed the dietary score.)

Differences in food-group time trends over 20 y between demographic groups
tended to be concordant in direction. However, a few food groups showed changes
in opposite directions. Whole grain food consumption increased in white women
(+0.29 servings/d) and showed very little change in all other demographic groups.
The consumption of soft drinks increased in men (+0.48 servings/d) but decreased
in women (-0.08 servings/d). Processed-meat consumption increased in whites
(+0.23 servings/d) and in higher-educated people (+0.12 servings/d) and decreased
in blacks (-0.16 servings/d) and lower-educated people (-0.25 servings/d). There was
a substantially larger decrease in butter consumption in blacks (-3.5 servings/d)
than in whites (-1.7 servings/d) and in lower-educated people (24.3 servings/d) than
in people with high education (-2.2 servings/d). (See Tables 3— 4 under “Supplemental
data” in the online issue for a complete analysis of changes in all 46 food groups
that composed the dietary score by race and sex and education.) The frequency of
visits to fast-food restaurants was inversely related to the diet score (age-, race-, and
sex-adjusted r =-0.22 at year 0, -0.30 at year 7, and -0.32 at year 20). Corresponding
correlations of frequency of eating breakfast with diet score were r = 0.14 at year 7
and 0.18 at year 20.
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DISCUSSION

Over 20y of follow-up of a cohort of black and white Americans aged from young
adulthood to middle age, we observed significant and positive changes in a
measure of diet quality. In particular, consumption of plant foods, poultry, and
low-fat dairy increased, whereas the consumption of many foods that could be
considered health adverse, including fried potatoes, soft drinks, high fat dairy,
and red meat, decreased. The consumption of sugar substitutes and diet soft drinks
increased. Our data suggested that aging played a major role in diet-quality
improvement over the course of follow-up because the diet-quality score increased
across age within each examination. However, as hypothesized, the age-matched
time trend suggested a secular trend of a decreased diet quality from 1985-1986 to
1992-1993 to 2005-2006 in the population from which the CARDIA sample was
drawn. Specifically, on the basis of the slope over age of the diet-quality score in
1985-1986, we estimated that a 50-y-old would have a mean diet-quality score of
78.7, but the observation of 50-y olds in 2005-2006 estimated their diet-quality
score to be 65.8. Thus, our data imply that individuals attained improvements in
dietary quality despite aspects of the food supply and food choices that applied
population wide and became less desirable as decades passed.

Improvements in the overall diet quality were apparent in all demographic
groups. Although the diet score at year Owas lower in men, blacks, and subjects
with lower educational attainment, those groups tended to show greater increases
in the diet score during follow-up. Thus, the substantial demographic gap in diet
quality observed at baseline persisted at year 20, but the differences narrowed.
Changes in specific food groups generally supported a change in the direction of
improved diet quality.

Few studies have examined longitudinal trends in diet quality through
adulthood. The 1946 British Birth Cohort of women aged 36 y, who were followed
until age 53 y, showed a significantly increased consumption of a dietary pattern
derived from principal component analysis [22], which was consistent with our
findings of an increased diet-quality score over adulthood. The British Birth Cohort
dietary pattern was characterized by a high consumption of fruit, vegetables, and
dairy and a deceased consumption of a dietary pattern of meat, potatoes, and
sweets. Men seemed to follow similar dietary principles. Because this study covered
only a single year of age at each examination, it could not separate age from period
effects. In the National Longitudinal Study of Adolescent Health cohort, between
1994 and 2002, as participants aged from between 12-19 to 18-26 y, fast-food
consumption significantly declined, whereas breakfast consumption increased
[23]; no separation of age from period effects was presented. Two studies from
Europe also showed that, as people aged from adolescence to adulthood, they
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changed their diet in the direction of dietary recommendations [3, 8]. These studies
documented changes over a variety of age ranges, although improvements after
adolescence may weaken with increasing age. Our serial cross-sectional data
(Figure 2) showed the largest improvement in diet quality per year of age during
1985-1986 (CARDIA year 0) when our participants were 18-30 y old. It is possible
that this result indicated an important period of settling in to a stable dietary
pattern. We observed a continuing improvement in diet quality in subsequent
surveys through age 50 y, albeit at a slower rate than in younger adulthood. It is
possible that this trend eventually reverses.

Strengths of our study included the thorough dietary assessment on repeated
occasions in a large population-based cohort. The dietary assessment was
comprehensive. Although reliability may be have been slightly lower in blacks
than in whites, the A Priori diet score showed a high level of tracking and expected
correlation in both races with other dietary characteristics, including other diet
pattern scores, visits to fastfood restaurants, and the frequency of breakfast
eating. Although the A Priori diet score had an element of subjectivity because it is
based on the informed opinions of 4 nutrition scientists, excellent, although not
complete, agreement about how to rate the food groups existed across investigators.
Ratings were mostly, but not always, in line with official recommendations. The
score has functioned well in validity testing. There were also limitations of our
study. It is possible that CARDIA participants were particularly aware of their
dietary intake because of general study participation and the interviewer-admin-
istered dietary history assessments, which resulted in improvements of their diet.
However such an intervention seems unlikely because the investigators had little
contact with the participants and the dietary emphasis was largely during the 3
dietary assessments, which were 7 and 13 y apart. To examine population-wide
secular trends, we used a method that examined the mean dietary score at a fixed
age, which was achieved at different calendar times (age-matched time trend) [10].
Consistent with our prior hypothesis and other evidence [6-8]|, there was a secular
decline in diet quality, especially after 1992-1993. Nevertheless, our method
should be interpreted with caution for 3 reasons. The method depended on specific
ages overlapping between different periods (which did not occur between years 7
and 20), our cohort design represented the underlying population less and less
well because there was attrition from our sample, and we could not fully account
for the possible curvature in the diet score and age association. As in any
observational study, residual confounding could not be ruled out.

During the past decades, dietary recommendations have tended to shift from
nutrients to an overall dietary pattern, with emphasis on varied consumption and
with specific attention to certain food groups (e.g. consumption of red and
processed meats, fruit and vegetables, and whole-grain foods). The A Priori diet
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score is in line with many dietary guidelines. The improved diet quality with
increased age likely resulted from the attention of CARDIA participants to dietary
guidelines. At the same time, our suggestion that diet quality in the population at
large worsened between 1985-1986 and 2005-2006 is worthy of note. In addition,
different demographic sectors have diets of different quality. In a time of a high
supply of non-nutrient-dense foods, the person who wishes to improve his or her
diet quality may be working at cross-purposes with the general culture. Increasing
the desirability of and access to fruit, vegetables, whole grains without added
sugars, salt, solid fats, or extra calories, especially in demographic groups with
lower A Priori diet scores, could help improve these trends.
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SUPPLEMENTAL MATERIAL

Details about the investigator ratings of food groups and the CARDIA A Priori diet
score assignment derived from the investigator ratings are in Supplemental table
1. Between studies there exist food grouping differences, and few differences in
ratings; generally the investigator opinion agreed very closely.

Black participants and those with less educational attainment generally
showed more change than whites and more highly educated participants, but this
pattern varied across food groups. Those demographic interactions which reached
the Bonferroni corrected p-value of <0.0012 are indicated in Supplemental table 2
we considered race and sex differences and education differences, but not race,
sex, and education differences.

Differences among demographic groups, Supplemental table 3 (by race and
sex) and 4 (by education), were especially prominent and significant for the
negative rated food groups. For most food groups changes were in the same
direction for both demographic groups however one demographic group showed a
larger increase or decrease compared to the other demographic groups.
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CHAPTER 2

SUPPLEMENTAL TABLE 3 Changes in food groups, grouped according to their
rating in the A Priori diet score, by race and sex, CARDIA 1985-86 to 2005-06

black white black
male female male female male female
Mean mean Mean Mean change change
sv[dyear 0 sv/dyear 0 sv/dyear 0 sv/dyear O 0-20 0-20
Positively rated
Avocado 0.03 0.04 0.12 0.13 0.04 0.04
Beans 0.32 0.18 0.22 0.15 -0.01 0.03
Beer 0.92 0.16 0.87 0.26 -0.34 0.00
Coffee 0.55 0.61 1.71 1.69 0.29 0.20
Fatty fish 0.05 0.03 0.05 0.03 -0.02 -0.01
Fruit 1.48 1.45 1.39 1.39 0.09 0.24
Green vegetables 0.28 0.28 0.40 0.54 0.29 0.43
Lean fish 0.77 0.65 0.75 0.66 0.15 0.12
Low fat dairy 0.88 0.61 1.84 1.42 0.11 0.15
Liquor 0.27 0.12 0.27 0.17 0.02 0.01
0il 1.73 1.19 1.73 1.29 1.51 1.08
Other vegetables 2.22 1.74 2.43 2.12 -0.05 0.03
Poultry 1.58 1.18 1.17 1.08 0.34 0.29
Seeds nuts 0.88 0.61 1.04 0.73 0.30 0.34
Soy products 0.16 0.19 0.27 0.32 0.46 0.63
Tea 0.36 0.36 0.87 0.88 0.05 0.12
Tomato 0.50 0.36 0.61 0.51 -0.01 0.04
Whole grains 1.75 1.07 1.99 1.41 0.07 0.08
Wine 0.14 0.12 0.15 0.21 -0.04 0.01
Yellow vegetables 0.19 0.19 0.29 0.36 0.00 0.00
Negatively rated

Butter 7.54 4.43 4.69 2.82 -4.56 -2.64
Fried poultry and fish 0.10 0.08 0.18 0.10 0.29 0.18
Fried potato 0.55 0.34 0.37 0.20 -0.26 -0.17
Grain dessert 0.96 0.64 0.71 0.49 -0.02 -0.16
Organ meat 0.07 0.07 0.03 0.02 -0.02 -0.03
Processed meat 1.59 0.89 0.82 0.39 -0.18 -0.11
Regular red meat 3.48 2.08 2.61 1.50 -1.42 -0.92
Salty snacks 0.04 0.02 0.05 0.05 0.21 0.14
Sauces 5.82 4.07 5.35 3.78 -2.75 -1.76
Soft drinks 2.29 1.89 1.41 0.83 -0.70 -0.75
Sweet breads 1.65 0.88 0.99 0.58 -0.46 -0.26
Sweet extra’s 2.56 1.76 1.85 1.05 0.16 0.20
Whole fat dairy 2.85 1.79 2.28 1.49 -1.51 -0.85
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white
male female
change Change  p-value sex'race*time p value race*time p value sex*time
0-20 0-20 adjusted for race’sex and adjusted for race*sex and
sex*time race*time

0.05 0.12 0.0540 0.0015 0.0098
0.05 0.08 0.8866 0.0008 0.1834
-0.38 -0.11 0.5848 0.0513 <.0001
0.49 0.19 0.1544 0.1348 0.0068
-0.02 -0.02 0.4093 0.2930 0.9845
0.18 0.40 0.7415 0.2330 0.0121
0.37 0.50 0.6650 0.0180 0.0001
0.01 -0.01 0.8765 0.0116 0.7634
-0.12 0.25 0.0126 0.1897 0.0136
-0.04 0.02 0.2717 0.6679 0.5701
1.50 1.23 0.4448 0.9043 0.0355
-0.34 0.01 0.0344 0.0140 0.0148
0.25 0.09 0.4079 0.0134 0.0999
0.26 0.48 0.2960 0.3846 0.1327
0.38 0.66 0.4430 0.9087 0.0017
-0.09 0.13 0.4154 0.8724 0.1067
0.02 0.11 0.3985 0.1549 0.0022
-0.09 0.29 0.0035 0.8744 0.0114
0.25 0.25 0.2682 <.0001 0.2469
-0.05 -0.01 0.4334 0.1135 0.3343
-2.33 -1.17 0.0182 <.0001 <.0001
-0.05 -0.03 0.0098 <.0001 0.1145
-0.18 -0.09 0.5511 <.0001 <.0001
0.01 -0.03 0.1696 0.0662 0.0605
-0.02 -0.01 0.1293 0.0166 0.3857
0.25 0.21 0.4047 <.0001 0.9513
-0.90 -0.56 0.4361 <.0001 <.0001
0.23 0.23 0.1512 0.0263 0.0833
-2.80 -1.86 0.9159 0.9546 <.0001
-0.56 -0.39 0.1258 0.0034 0.5266
-0.17 0.03 0.7995 <.0001 <.0001
-0.09 0.28 0.2538 0.5873 0.122
-1.01 -0.26 0.762 <.0001 <.0001
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SUPPLEMENTAL TABLE 3 (continued) Changes in food groups, grouped according to
their rating in the A Priori diet score, by race and sex, CARDIA 1985-86 to 2005-06

black white black

male female male female male female

Mean mean Mean Mean change change
sv/[dyear 0 sv/dyear 0 sv/dyearO sv/dyear0 0-20 0-20

Neutrally rated

Chocolate 0.20 0.20 0.18 0.18 0.00 -0.05
Diet soft drink 0.10 0.15 0.43 0.85 0.20 0.14
Eggs 1.07 0.58 0.68 0.44 -0.14 -0.03
Fruit juice 2.69 2.04 1.78 1.33 -0.99 -0.94
Lean red meat 1.28 0.63 0.99 0.48 -0.80 -0.33
Margarine 2.14 1.65 1.79 1.36 -0.85 -0.71
Meal replacements 0.02 0.00 0.03 0.01 0.29 0.08
Pickled food 0.35 0.30 0.44 0.33 0.05 0.09
Potatoes 0.50 0.37 0.52 0.32 -0.15 -0.12
Refined grains 6.37 3.97 5.16 3.06 -1.52 -0.90
Shellfish 0.24 0.21 0.28 0.19 0.04 0.02
Soups 0.03 0.03 0.05 0.04 0.02 0.01
Sugar substitutes 0.01 0.05 0.06 0.12 0.25 0.49
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white
male female
change Change  p-value sex'race*time p value race*time p value sex*time
0-20 0-20 adjusted for race’sex and adjusted for race*sex and
sex*time race*time
0.06 0.01 0.6672 0.0047 0.0114
0.54 0.09 0.0013 0.0920 <.0001
-0.11 0.05 0.2433 0.0202 0.0001
-0.68 -0.77 0.5109 0.0181 0.705
-0.39 -0.06 0.1171 <.0001 <.0001
-1.01 -0.73 0.1437 0.1896 0.0758
0.14 0.04 0.0038 <.0001 <.0001
0.07 0.17 0.3567 0.1715 0.0502
-0.17 -0.08 0.1174 0.9251 0.0669
-1.07 -0.35 0.4246 0.0002 <.0001
-0.03 0.01 0.1200 0.0516 0.7904
0.02 0.02 0.2407 0.0693 0.3845
0.61 0.91 0.6444 <.0001 <.0001
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CHAPTER 3

ABSTRACT

Background and aim: Dietary patterns are associated cross-sectionally with
cellular adhesion molecules (CAMs). We studied prospective associations of three
dietary patterns with CAMs.

Methods and results: In the Coronary Artery Risk Development in Young Adults
(CARDIA) study, diet was assessed at years 0 (1985-86) and 7 (1992-93) examinations.
Four circulating CAMs (E-selectin, P-selectin, soluble intercellular adhesion
molecule 1 (SICAM-1), and vascular cellular adhesion molecule (VCAM)) were
assayed atyears 7 and 15 (2000-01). We created one index score “A Priori Diet Quality
Score” and derived dietary patterns using principal components analysis (PCA).
Multivariable linear regression models predicted year 15 CAMs from averaged
(year 0/7) dietary patterns. The A Priori Diet Quality Score rated 46 food groups
beneficial, neutral or adverse based on hypothesized health effects. We derived
two PCA dietary patterns: “fruit and vegetables (FV)” (high intakes of fruit,
vegetables, and whole grains) and “meat” (high intakes of red meat, refined grain,
and butter).

All dietary patterns were related to E-selectin and sICAM-1. P-selectin was not
related to the FV dietary pattern. VCAM was only related to the A Priori Diet Quality
Score. Strongest associations were for the meat dietary pattern with E-selectin
(effect size 28% of an SD (+3.9/13.7 ng/mL)) and P-selectin (effect size 37% of an SD
(+4.1/11.2 ng/ml)) and the A Priori Diet Quality Score with sSICAM-1 (effect size 34% of
an SD (-15.1/44.7 ng/mL)) and VCAM (effect size of 26% of an SD (-45.1/170.3 ng/mL)).

Conclusion: This prospective analysis suggests that dietary patterns are associated
with CAMs.

50



DIETARY PATTERNS AND ENDOTHELIAL FUNCTION

INTRODUCTION

Endothelial dysfunction occurs early in atherosclerotic development [1]. The cellular
adhesion molecules (CAMs) E-selectin, P-selectin, intercellular adhesion molecule-1
(ICAM-1), and vascular cellular adhesion molecule (VCAM), are expressed by inflamed
endothelium and participate in recruitment and adhesion of leukocytes to endothelial
cells [2]. Higher circulating concentrations of these CAMs indicate endothelial
dysfunction, promote atherosclerosis, and associate with subclinical cardiovascular
disease [3]. Diet influencing endothelial function may be a mechanism by which
dietary quality affects the development of cardiovascular disease.

Clinical and experimental studies suggested that dietary n-3 fatty acids,
antioxidant vitamins, folic acid, and L-arginine have beneficial effects on endothelial
function, likely through multiple, complex mechanisms. Examples are inhibition
of monocyte adhesion and platelet activation, increased nitric-oxide production
and improvement of vasodilation, and blockage of lipid oxidation [4]. Randomized
cross-over trials showed that Mediterranean-style diets improved endothelial
function [5,6]. Cross-sectional studies found inverse associations between principal
components analysis (PCA) derived dietary patterns and markers of endothelial
function in women [7] and in ethnically diverse men and women [8]. Some, but not
all, cross-sectional associations of different prudent dietary patterns were inverse
with endothelial function [9]. One longitudinal study investigated consumption of
food groups and markers of endothelial function, but overall dietary pattern was
not assessed [10]. Associations of dietary patterns with markers of endothelial
function have not been investigated in prospective studies.

We hypothesized that the A Priori Diet Quality Score and the FV dietary pattern
with high loadings on fruit and vegetables is inversely related to E-selectin,
P-selectin, sICAM-1, and VCAM. Similarly, we hypothesize that the meat dietary
pattern with high loadings of meat, butter, and refined grains is positively related
to these CAMs.

METHODS

Study sample

The Coronary Artery Risk Development in Young Adults (CARDIA) Study is a
multicenter, longitudinal investigation of the evolution of coronary heart disease
risk starting in young adulthood [11]. CARDIA recruited a population based sample
of 5115 black and white men and women aged 18-30 years in Birmingham, AL;
Chicago, IL; Minneapolis, MN; and Oakland, CA. Recruitment achieved roughly
equal proportions of blacks (51.5%) and whites (48.5%), men (45.5%) and women
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CHAPTER 3

(54.5%), ages 18-24 y (44.9%) and 25-30 y (55.1%), and with <high school education
(39.7%) or >high school education (60.3%). For the present study, we used dietary
data collected at baseline (1985-86) and after 7 years of follow-up (1992-93). The
response rates were 81% at year 7 and 74% at year 15 (2000-01). Young Adult
Longitudinal Trends in Antioxidants (YALTA) and Circulating CAMs and the
Vasculature are CARDIA ancillary studies in which the CAMs E-selectin, P-selectin,
SICAM-1, and VCAM were measured in year 7 and year 15. Institutional Review
Board approval and informed consent were obtained at each study center at every
examination.

Participants who had missing dietary data (n = 4 at year 0 and n = 143 at year 7),
or implausibly high or low energy intake (<800 or >8000 kcal/day for men, <600 or
>6000 kcal/day for women) (n = 128 at year 0 and n = 94 at year 7) were excluded
from analysis. Accounting for analysis-specific exclusions due to missing data for
relevant exposures or covariates, we included 2789 participants for the prospective
analysis of year 15 values of E-selectin and the average of year 0 and 7 dietary
patterns, 2947 for P-selectin, 2911 for sSICAM-1, and 2998 for VCAM.

Blood collection and measurements of biomarkers

Overnight fasting blood samples were processed within 90 min of blood collection
and stored at -70C until shipped on dry ice to a central laboratory. Participants
were asked to fast 212 h and to avoid heavy physical activity and smoking for 2 h
before examination. CAMs were assayed at the Molecular Epidemiology and
Biomarker Research Laboratory in the University of Minnesota with sandwich
ELISA methods from R & D Systems (E-selectin Cat No: DSLE0O, P-selectin Cat No:
BBE6, sSICAM-1 Cat. No. DCD540 (year 7) and DY720 (year 15), and VCAM Cat No.
DVCO00). Serum (E-selectin) and plasma (P-selectin) samples from year 7 and 15
exams were diluted 10- and 6-fold, respectively. The within plus between day
coefficients of variation (CV) were 7.7 and 10.5%, respectively. The E-selectin
measurements for years 7 and 15 were performed over a period of several months,
and no assay drift was evident during this time.

Serum (sICAM-1) samples from year 7 and 15 exams were diluted 10- and
400-fold and plasma (VCAM) samples 21-fold. The within plus between day CVs
were <10% (both sSICAM-1 assays) and 9.0% (VCAM). All VCAM analyses of the year 7
and 15 samples were performed over a few months in 2010, and no assay drift was
detected during this time. To account for assay drift (P-selectin), assay change and
the prevalence of the single nucleotide polymorphism rs5491 T-allele (SICAM-1),
P-selectin and SICAM-1 were calibrated (details in the online Supplementary
material).
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DIETARY PATTERNS AND ENDOTHELIAL FUNCTION

Other measurements

Standard questionnaires were used to obtain selfreported demographic and
behavioral information across CARDIA examinations. Information on sex, race,
date of birth, education, and cigarette smoking was collected by structured
interview or self-administered questionnaire at each examination. Educational
status was quantified as the maximum (at any examination) reported number of
years of schooling completed. Selfreported smoking status was classified as never,
former, or current. A physical activity score was derived from the CARDIA Physical
Activity History. The total exercise score was in exercise units (a sum across 13
activities of frequency times intensity). Height and weight were measured at each
examination and recorded to the nearest 0.5 cm and 0.2 kg, respectively. Body
mass index (BMI) was calculated as weight(kg)/height?(m).

Dietary assessment and creation of dietary pattern scores

Diet assessment and the procedure for the creation of dietary patterns were
described in detail elsewhere [12,13]. In summary, diet was assessed at years 0 and 7
by interviewer-administered CARDIA Diet History [14].

Foods were assigned to one of 166 food groups using the food grouping system
devised by the University of Minnesota Nutrition Coordinating Center (NCC). We
further collapsed these food groups into 46 food groups based on similar nutrient
characteristics and comparability to food groups defined in previous studies
[15-17]. The A Priori Diet Quality Score was created by classifying 46 foods groups as
beneficial (n = 20), adverse (n = 13), or neutral (n = 13) in terms of hypothesized
health effects [15-17]. The A Priori assignment for each of the 46 food groups
(beneficial = “+”, adverse = “-”,neutral = “0”) was described in detail elsewhere [12,13]
and can be found in Supplementary Table 1.

The A Priori Diet Quality Score was the sum of category scores 0-4 for the
beneficial items plus scores in reverse order (4-0) for adverse foods. Food groups
that were considered neutral did not contribute to the overall A Priori Diet Quality
Score. The theoretical maximum score was 132, higher scores indicating a
healthier dietary pattern.

We used PCA with orthogonal rotation to derive uncorrelated dietary patterns
and determine factor loadings for each of the 46 food groups. We selected the 2
principal components that explained the most dietary variance (Supplementary
Table 1). We refer to these 2 factors as “meat dietary pattern” and “fruit and
vegetable (FV) dietary pattern” to reflect their relatively high loadings of red meat
(as well as refined grain and butter) or fruits and vegetables (as well as whole grains
and lean fish), respectively. Factor loadings were generally consistent across years;
factor loadings <0.20 were suppressed in Supplementary Table 1.
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Statistics

Unadjusted means of participant characteristics were calculated by quintiles of A
Priori Diet Quality Score and the two dietary patterns. Multivariable adjusted
linear regression models assessed associations of dietary patterns (averaged year 0
and 7, using 1 exam if the other was missing), each divided into consumption
quintiles, to predict E-selectin, P-selectin, sICAM-1, and VCAM prospectively for
CAMs atyear 15. Parallel cross-sectional analyses for CAMs at year 7 were examined
in sensitivity analyses, as was ability to predict change in CAMs between year 7
and year 15.

Separate regression analyses were conducted for each dietary pattern. Tests for
trend used multivariable linear regression models with continuous dietary pattern
scores. We studied different levels of adjustment. A minimal model (model 1)
included sex (male, female), race (black, white), study center (Birmingham, Chicago,
Minneapolis, Oakland), year 0 age (continuous), and total energy (continuous).
The model was further adjusted for smoking status (current, never, former),
educational attainment, and physical activity (model 2). To investigate BMI and
waist circumference as potential intermediaries between dietary patterns and
endothelial function, we included these variables in a subsequent model (model 3).
We used the PC version (9.2) of the Statistical Analysis System (SAS, Cary, NC).

RESULTS

Baseline characteristics

Age, white race, and educational attainment were positively associated with the A
Priori Diet Quality Score and the FV pattern and negatively related to the meat
dietary pattern (Table 1). Total energy decreased across quintiles of the A Priori Diet
Quality Score and increased both in the meat and in the FV dietary patterns.
People at higher levels of the A Priori Diet Quality Score and FV dietary pattern
were less likely to smoke and had a lower waist circumference; the reverse was
true for people scoring high on the meat dietary pattern. BMI decreased across
quintiles of the A Priori Diet Quality Score and FV dietary pattern and was not
significantly associated with the meat dietary pattern. Physical activity increased
across quintiles of all three dietary patterns.

Unadjusted concentrations of E-selectin, P-selectin, and SICAM-1 were all
lower at higher values of the A Priori Diet Quality Score and the FV pattern and
higher at higher values of the meat dietary pattern. VCAM showed a reverse
pattern, being positively related to the A Priori Diet Quality Score and the FV
pattern, but inversely related to the meat pattern.

54



DIETARY PATTERNS AND ENDOTHELIAL FUNCTION

Tracking correlation coefficients between year 7 and 15 were 0.57 for P-selectin,
0.77 for E-selectin, 0.59 for sSICAM-1, and 0.70 for VCAM. Correlations were 0.39
between E-selectin and P-selectin, 0.44 between E-selectin and sICAM-1, 0.26
between P-selectin and sICAM, and lower than 0.2 for all other combinations.

Dietary patterns and cellular adhesion molecules

In each multivariable model (Table 2), all three dietary patterns were associated
with E-selectin. A strong association was seen with the meat dietary pattern (P end
<0.001). In model 2, the mean E-selectin was 3.9 ng/mL higher in the highest meat
dietary pattern quintile compared to the lowest. This was an effect size of 27%
(3.9/13.7 ng/mL) of an SD.

P-selectin was inversely associated with the A Priori Diet Quality Score (Pirend
0.004) and positively with the meat dietary pattern (pirenq 0.02). The strongest
association between P-selectin and diet was with the meat dietary pattern. The
mean P-selectin was 4.1 ng/mL higher in the highest compared to the lowest meat
dietary pattern quintile. This was an effect size of 37% (4.1/11.2 ng/mL) of an SD.
P-selectin was not significantly associated with the FV dietary pattern.

All three dietary patterns were associated with sICAM-1. The A Priori Diet
Quality Score was strongly inversely associated with SICAM-1 (Pireng < 0.001). The
mean sICAM-1 was 15.1 ng/mL lower in the highest vs. the lowest A Priori Diet
Quality Score quintile. This was an effect size of 34% of an SD (15.1/44.7 ng/ml) for
SICAM-1.

VCAM was inversely associated with the A Priori Diet Quality Score (Prend
0.006). The mean VCAM was 45.1 ng/mL lower in the highest vs. the lowest A Priori
Diet Quality Score quintile. This was an effect size of 26% of an SD (45.1/170.3 ng/
ml) for VCAM.

Further adjustment for BMI and waist (model 3) gave qualitatively similar
results. Adjustment for plasma lipids (cholesterol, high-density lipoprotein and
triglycerides) and measures of glucose metabolism (HOMA, glucose and insulin)
did not substantively change the estimates shown in Model 3 of the association of
diet with any of the CAMs (data not shown).

In a secondary analysis we examined associations of dietary patterns and
CAMs atyear 7 (Supplementary Table 2). Cross-sectional associations were generally
weaker than the longitudinal analysis presented in Table 2 and in some cases did
not reach statistical significance. Cross-sectional associations of dietary patterns
formed exclusively from year 7 data with the CAMs were similar to findings in
Supplementary Table 2 for the A Priori Diet Quality Score, but were somewhat
weaker for the two principal components patterns (data not shown). Because the
associations with the CAMs atyear 15 tended to be stronger than the corresponding
associations with CAMs at year 7, we looked at predicting evolution of the CAMs,
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TABLE 1 Characteristics of study sample (mean (SD)) according to quintiles of

averaged year 0/7 dietary pattern scoresl.2

A Priori Diet Quality Score3

Q1 Q3 Q5
Dietary pattern score 48.2 (3.9) 62.9(1.9) 81.2 (4.9)
Age (y) 23.4 (3.8) 25.0 (3.6) 26.3 (2.9)
Female (%) 46.7 52.6 65.7
White (%) 20.9 45.7 87.7
Current smoker (%) 34.0 29.0 16.3
Education attained (years) 14.1 (2.2) 15.3(2.5) 16.9 (2.3)
Physical activity (exercise units) 321.8 (248.0) 362.8 (241.4) 467.3 (244.5)
Mean total energy (kcal/day) 3149 (1275.7)  2845.1(1219.4) 2520.6 (924.2)
Body Mass Index (kg/m?2) 26.1(5.9) 25.9(5.3) 24.2 (4.2)
Waist circumference (cm) 82.3(13.1) 81.6 (12.1) 76.9 (10.1)
E-selectin, year 7 (n=3028) 36.8 (15.2) 34.5(14.6) 29.5(13.4)
E-selectin, year 15 (n=2789) 38.7(14.8) 36.0 (13.3) 30.4 (12.2)
P-selectin, year 7 (n=3818) 29.7 (8.8) 28.5(8.8) 26.7 (8.6)
P-selectin, year 15 (n=2947) 38.3(12.0) 36.5(10.2) 34.3 (10.5)
SICAM-1, year 7 (n=2538) 154.2 (32.2) 144.0 (34.1) 126.9 (26.8)
SICAM-1, year 15 (n=2911) 167.1 (49.7) 158.5 (48.1) 137.1 (31.5)
VCAM, year 7 (n=3809) 513.6 (202.7) 516.6 (157.2) 552.7 (160.7)
VCAM, year 15 (n=2998) 514.6 (210.8) 512.7 (151.5) 540.0 (163.6)

SsICAM-1 soluble intercellular adhesion molecule 1, VCAM vascular cellular adhesion molecule.

1 Data presented were averaged (year 0/7), except education (maximum attained over follow-up) and
cellular adhesion molecules (as marked). N Z 3818 for all non CAM variables.
2 Tests for trend of continuous variables were based on general linear regression with averaged year 0/7

dietary pattern as continuous independent variable adjusted for race sex center and age. Chi-square tests

were used for categorical variables across all 5 levels of dietary pattern variables.

3 Trend across A Priori Diet Quality Score significant at <0.05 for all variables except VCAM year 7

(p-value 0.29).

4 Meat dietary pattern diet and FV dietary pattern are principal components, centered on zero with a

standard deviation of 1.0.

5 Trend FV dietary pattern significant at <0.05 for all variables except VCAM year 7 (p-value 0.48) and

VCAM year 15 (p-value 0.64).

6 Trends across Meat dietary pattern significant at <0.05 for all variables except waist (p-value 0.99),

VCAM year 7 (p-value 0.35) and VCAM year 15 (p-value 0.15).
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FV dietary pattern4> Meat dietary pattern 4.6
Q1 Q3 Q5 Q1 Q3 Q5
1.0 (0.2) -0.2(0.1) 1.3 (0.8) 1.0 (0.2) -0.2(0.1) 1.5(0.7)
24.1(3.9) 25.2 (3.5) 25.7 (3.3) 25.7 (3.4) 25.1 (3.6) 24.2 (3.7)
60.1 55.5 48.3 84.9 53.9 20.7
22.4 57.0 73.4 74.5 54.0 28.9
35.0 26.5 19.4 14.5 25.5 46.6
14.2 (2.2) 15.7 (2.5) 16.3 (2.6) 16.4 (2.4) 15.7 (2.6) 14.1 (2.3)
269.9(209.1)  356.8(219.7)  505.1(269.2)  372.1(209.4)  354.1(239.8)  465.7 (275.7)
2346.9 (1032.4) 2624.7 (1011.2) 3383.5(1267.5) 1743.1 (510.2) 2554.5 (517.9) 4582.3 (999.8)
26.4(5.9) 25.6 (5.2) 24.9 (4.8) 24.7 (5.0) 25.9 (5.6) 25.3 (4.8)
81.8 (12.9) 80.7 (12.0) 80.0 (11.8) 75.8 (10.9) $1.8 (12.4) 83.0 (11.5)
36.1 (15.6) 33.7 (14.4) 31.7 (13.8) 29.1 (13.0) 34.1 (14.6) 38.6 (15.9)
37.6 (14.5) 35.6 (13.9) 32.4(12.5) 31.0 (13.2) 35.9 (14.2) 38.9 (13.9)
29.3 (9.8) 28.5(9.1) 28.0 (9.0) 25.6 (7.6) 28.9(9.2) 31.9 (10.4)
37.4 (10.7) 37.2 (12.3) 35.9 (11.1) 34.7 (9.9) 36.9 (11.2) 39.4 (12.4)
153.4 (32.7) 140.4 (34.6) 133.6 (30.7) 131.6 (31.0) 141.7 (30.1) 153.2 (34.1)
168.4 (50.8) 153.8 (45.3) 144.9 (35.2) 143.3 (37.9) 157.0 (48.9) 163.8 (41.5)
502.4 (170.5) 517.9 (156.4) 544.2(168.6)  549.3(164.0)  527.8(163.5)  512.3(183.4)
511.1 (195.7) 519.4 (158.5) 543.8 (170.8) 539.2 (154.9) 535.7 (178.7) 514.2 (196.7)
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CHAPTER 3

using the full adjustment of model 3. Dependent variables were the year 15 CAM
concentrations, co-varying the year 7 CAM concentrations. For the A Priori Diet
Quality Score, these associations were in the expected direction, that is better diet
predicted less increase in each CAM, but p-values were generally not significant
(E-selectin n = 1941, t = 1.83, p = 0.07; P-selectin n = 2545, t = 1.56, p = 0.12; SICAM-1
n=1698, t=0.66, p=0.51; VCAM n = 2580, t = 2.04, p = 0.04).

DISCUSSION

We showed that CAMs are related longitudinally to dietary patterns. The A Priori
Diet Quality Score was inversely related to E-selectin, P-selectin, sICAM-1, and
VCAM. Using PCA, we identified an FV and a meat dietary pattern, which were,
respectively, positively and inversely correlated with the A Priori Diet Quality
Score. The FV dietary pattern was inversely associated with E-selectin and sICAM-1
but not with P-selectin and VCAM. The meat dietary pattern was positively
associated with E-selectin, P-selectin, and sICAM-1, but not with VCAM. Although
CAMs are related to adiposity, blood lipids, and insulin resistance, adjustment for
the year 7 values of these variables did not suggest mediation of the diet-CAM
associations.

Previous studies investigated cross-sectional associations of PCA-derived
dietary patterns with CAMs. Nettleton et al. found that sICAM-1 was inversely
associated with a “whole grain and fruit” pattern and positively related to a “bean,
tomatoes and refined grain” pattern. “Fats and processed meats” and “vegetables
and fish” patterns were not associated with sICAM-1, and E-selectin was not
associated with any of the dietary patterns [8]. Similarly, Lopez-Garcia et al. found
that E-selectin, SICAM-1, and VCAM were positively associated with a PCA-derived
Western diet. A prudent diet was only inversely associated with E-selectin [7]. Fung
et al. compared several diet quality scores and found E-selectin was inversely
associated with all diet quality scores. sSICAM-1 was inversely associated with the
Alternate Healthy Eating Index (AHEI) [18] and Alternate Mediterranean Diet Index
(aMED), and VCAM was only inversely associated to aMED |[9].

This suggests that including different nutrients or food groups or different
weightings of food groups included in the dietary patterns may affect the strength of
the diet pattern associations with circulating markers of endothelial dysfunction.
Diet quality scores are a stable characteristic compared to food groups or nutrients
and are therefore a useful approach to study relations with CAMs. Although the
findings are robust and in expected directions, there are differences in the
strength of the associations of the CAMs and the three dietary patterns. All three
dietary patterns were created using the same food groups, but the weightings of
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the food groups differ between the two methods. The PCA approach weights each
food group, normalized to its standard deviation. The A Priori Diet Quality Score
first sorts food groups into beneficial, adverse, or neutral, then weights them by
their quintile position in the intake distribution. The A Priori Diet Quality Score
emphasized more beneficial food groups (n = 20) than adverse food groups (n = 13).
In terms of the a priori ratings of food groups as beneficial or adverse, the FV
pattern emphasized the beneficial groups, whereas the meat dietary pattern
emphasized the adverse food groups.

Our study sample was relatively young (mean age 32 at year 7, and 40 in year
15), and had lower concentrations of CAMs compared to previous studies [7-9],
which could in part explain why our cross-sectional analysis showed weaker
associations than our longitudinal associations.

CAMs have an important role in the accumulation of circulating leukocytes at
sites of injury, infection, and inflammation. This accumulation of leukocytes
involves several steps (known as the leukocyte adhesion cascade) and cell types
including T and B cells, monocytes and macrophages, dendritic cells, and natural
killer cells. In the cascade, cells undergo tethering, rolling, activation, arrest, tight
adhesion, and diapedesis. Unique combinations of endothelial adhesion molecules
and chemokines direct tissue specific migration of leukocytes and control the
various steps in the cascade [19-21]. For example, P and E-selectin are involved in
the tethering, rolling, and activation of leukocytes. ICAM-1 facilitates monocyte/
macrophage migration and adherence to endothelial cells. VCAM facilitates
macrophage uptake into the subintimal space. Together, the CAMs form an
integrated and overlapping system for the transport of leukocytes into the vascular
wall and have an active role in the development of atherosclerotic plaque [22].

Our study has several strengths. First, repeated measurements of diet averaged
for analysis may increase the reliability of our data. Second, because of the large
CARDIA sample and extensive data we could adjust for important confounding
variables. Third, our study included two primary methods to create dietary
patterns. The A Priori Diet Quality Score is based on current judgment whereas the
PCA patterns are based on correlations among food groups, as consumed by the
participants. Fourth, repeated measurements of cellular adhesion molecules
allowed us to investigate associations of dietary patterns with these markers both
cross-sectionally and longitudinally.

Our study also has limitations. Although we accounted for many possible
confounders, as in every observational study, we cannot rule out residual confounding.

In conclusion, both an a priori dietary score and a posteriori dietary patterns
were related to endothelial function and support protective effects of a prudent
dietary pattern high in fruits and vegetables and low in red meats, processed
meats, and refined grains on health of the endothelium. The association of higher
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diet quality with biomarkers of endothelial function should be considered as a
possible pathway through which diet may affect the development of cardiovascular
disease.
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SUPPLEMENTAL MATERIAL

Calibration of P-selectin and sICAM-1

The P-selectin measurement for year 15 was performed in 2003, while that for year
7 was performed in 2010. Although the method was the same for both years, assay
drift was noted and an adjustment was made to account for it, calibrating based on
sample reruns in 2012. The calibration was year 7 P-selectin in year 15 scaling =
2.1336 + 1.1812 * year 7 P-selectin as measured in 2010.

The assay used for the year 7 samples for SiCAM-1 was affected by the prevalence
of the single nucleotide polymorphism (SNP) rs5491 T-allele, which is common in
blacks and rare in whites. It produces an isoform of sSICAM-1 that was detectable
using the year 15 assay, but was not detectable using the year 7 assay. Therefore the
amount of detectable SICAM-1 was reduced in heterozygotes for this SNP. Genotype
information was available for the participants and the year 7 results could be
adjusted both for the assay change and for the presence of the genetic variant.
Based on sample reruns in 2012, in homozygous A-allele blacks, year 7 sICAM-1
recalibrated to the year 15 scale = 60.9559 + 0.3876 * year 7 sSICAM-1 as measured in
2010. In homozygous rs5491 A-allele whites, the recalibration was year 7 sSICAM-1
recalibrated to the year 15 scale = 24.5845 + 0.5138 * year 7 sSICAM-1 as measured in
2010. In heterozygous blacks, year 7 sSICAM-1 recalibrated to the year 15 scale =
86.0227 + 0.6374 * year 7 SICAM-1 as measured in 2010. In heterozygous rs5491
whites, the recalibration was year 7 sICAM-1 recalibrated to the year 15 scale =
26.2139 + 0.8449 *year 7 SICAM-1 as measured in 2010. SICAM-1 was not detectable
in the few rs5491 T homozygotes, who were omitted.

Dietary patterns

At baseline the mean (SD) A Priori Diet Quality Score was 64.1(13.0) and 67.5(12.1) in
year 7. We derived two PCA dietary patterns: “fruit and vegetables (FV)” (high
intakes of fruit, vegetables, and whole grains) and “meat” (high intakes of red
meat, refined grain, and butter). At year 0, eigenvalues for the meat and FV dietary
pattern were 4.7 and 2.8, respectively, with proportion of variance explained of
10.3% for the meat dietary pattern and 6.1% for the FV dietary pattern.

Tracking correlations coefficients between year 0 and 7 were 0.66 for the A Priori
Diet Quality Score, 0.50 for the FV dietary pattern, and 0.59 for the meat dietary
pattern. The averaged (year 0 and 7) A Priori Diet Quality Score correlated positively
with the averaged FV dietary pattern score (r = 0.64) and negatively with the
averaged meat dietary pattern score (r =-0.32); the multiple correlation coefficient
of the A Priori Diet Quality Score regressed on both of the principal components
scores was 0.80.
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SUPPLEMENTAL TABLE 1 Description of the A Priori Diet Quality Score and the
PCA-derived meat and FV dietary pattern factor loadings.

CARDIA Food A Priori Diet FV dietary pattern?! Meat dietary pattern?!
Groups Quality Score

Rating Year 0 Year 7 Year 0 Year 7
Avocado + 0.44 0.27
Beans + 0.35 0.29
Beer + 0.25 0.32
Coffee +
Fish +
Fruit + 0.49 0.51
Green vegetables + 0.56 0.64
Lean fish + 0.38 0.35
Low fat dairy + 0.28 0.27
Liquor + 0.20
0il + 0.45 0.40 0.25 0.38
Other vegetables + 0.69 0.73 0.23
Poultry + 0.20 0.26 0.25 0.31
Seeds, nuts + 0.34
Soy products +
Tea +
Tomato + 0.53 0.59
Whole grains + 0.40 0.42
Wine + 0.21 0.20
Yellow vegetables + 0.47 0.54
Butter - 0.70 0.65
Fried foods - 0.35
Fried potatoes - 0.54 0.52
Grain dessert - 0.39 0.39
Organ meat - 0.22
Processed meat - 0.58 0.54
Regular red meat - 0.60 0.71
Salty snacks - 0.27
Sauces - 0.32 0.31 0.34 0.59
Soft drink - -0.21 -0.22 0.41 0.43
Sweet breads - 0.58 0.43
Sweet extras - 0.39 0.32
Whole fat dairy - 0.43 0.44
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SUPPLEMENTAL TABLE 1 (continued) Description of the A Priori Diet Quality
Score and the PCA-derived meat and FV dietary pattern factor loadings.

CARDIA Food A Priori Diet FV dietary pattern! Meat dietary pattern?!
Groups Quality Score

Rating Year 0 Year 7 Year 0 Year 7
Chocolate 0
Diet soft drink 0 0.21
Eggs 0 0.50 0.53
Fruit juice 0 0.21 0.22 0.20
Lean red meat 0 0.36 0.34
Margarine 0 0.27 0.33
Meal replacement 0
Pickled foods 0 0.34 0.35 0.23
Potatoes 0 0.22 0.34 0.27
Refined grains 0 0.72 0.71
Shellfish 0 0.24 0.29
Soups 0 0.30

1 Factor loadings <0.20 are suppressed.
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CHAPTER 4

ABSTRACT

Associations between individual foods or nutrients and oxidative markers have
been reported. Comprehensive measures of food intake may be uniquely informative,
given the complexity of oxidative systems and the possibility of antioxidant synergies.
We quantified associations over a 20-year history between three food-based dietary
patterns (summary measures of whole diet) and a plasma biomarker of lipid
peroxidation, F,-isoprostanes, in a cohort of Americans ages 18-30 at year 0
(1985-1986). We assessed diet at years 0, 7, and 20 through a detailed history of
pastmonth food consumption and supplement use and measured plasma F,-iso-
prostanes at years 15 and 20. We created three dietary patterns: (1) a priori (“A Priori
Diet Quality Score”) based on hypothesized healthfulness of foods, (2) an empirical
pattern reflecting high fruit and vegetable intake (“fruit-veg”), and (3) an empirical
pattern reflecting high meat intake (“meat”). We used linear regression to estimate
associations between each dietary pattern and plasma F,-isoprostanes cross-
sectionally (at year 20, n=2736) and prospectively (year 0/7 average diet and year
15/20 average F,-isoprostanes, n=2718), adjusting for age, sex, race, total energy intake,
education, smoking, body mass index, waist circumference, physical activity, and
supplement use. In multivariable-adjusted cross-sectional analysis, the A Priori
Diet Quality Score and the fruit-veg diet pattern were negatively, and the meat
pattern was positively, associated with F,-isoprostanes (all p values <0.001). These
associations remained statistically significant in prospective analysis. Our findings
suggest that long-term adherence to a diet rich in fruits and vegetables and low in
red meat may decrease lipid peroxidation.
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INTRODUCTION

Oxidative stress is hypothesized to play a role in the pathogenesis of cardiovascular
and other chronic diseases [1,2]. Oxidative stress is a dynamic and complex biologic
process, making its direct assessment challenging. Various markers of oxidative
damage have been proposed, of which F,-isoprostanes, a measure of lipid peroxidation,
are considered the most reliable [3-5]. Findings from observational and intervention
studies have been mixed with respect to the association between diet and F,-iso-
prostanes [6-9]. Studies have generally focused on individual foods or nutrients,
however, and very little is known about the effects of diet as a whole on F,-isopros-
tanes [10, 11].

We considered that a whole-diet approach might be particularly well-suited to
the study of oxidative processes, which are possibly influenced by a range of foods.
The notion that studying diet comprehensively, rather than through isolated foods
and nutrients, may yield unique information is not new [12], but has gained
traction in the past decade among nutritional epidemiologists [13, 14|. Dietary
patterns, summary measures of whole diet, may better reflect the complexity of
diet, may better capture synergistic aspects of dietary components, and may be
more powerful and reliable measures in observational epidemiology, in which
dietary exposures are prone to larger measurement errors [12-14].

In this study, we quantified the associations of three dietary patterns and
plasma F,-isoprostanes in the Coronary Artery Risk Development in Young Adults
(CARDIA) study, a large, longitudinal cohort study of black and white Americans.
We hypothesized that dietary patterns reflective of a high diet quality (rich in
plant foods, low in red meat) would be inversely associated with plasma F,-isopros-
tanes and that these associations would be observable over long-term follow-up.
We further hypothesized that whole-diet associations would not be completely
explained by consumption of dietary antioxidant nutrients or supplement use.

MATERIALS AND METHODS

Study sample

CARDIA is a multicenter, longitudinal study of the evolution of coronary heart
disease risk starting in young adulthood [15]. CARDIA began in 1985-1986 with a
group of 5115 black and white adults ages 18-30 years from four metropolitan
areas (Birmingham, AL; Chicago, IL; Minneapolis, MN; and Oakland, CA, USA).
Study participants were sampled to obtain roughly equal numbers of blacks (51.5%)
and whites (48.5%), men (45.5%) and women (54.5%), and ages 18-24 (44.9%) and
25-30 years (55.1%), and those with a high school education or less (39.7%) or more
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than a high school education (60.3%). Follow-up examinations were conducted
during 1987-1988 (Year 2), 1990-1991 (Year 5), 1992-1993 (Year 7), 1995-1996
(Year 10), 2000-2001 (Year 15), and 2005-2006 (Year 20). A majority of the surviving
cohort membership has been examined at each of the follow-up examinations
(91, 86, 81, 79, 74, and 72%, respectively). The Young Adult Longitudinal Trends in
Antioxidants (YALTA) ancillary study assayed F,-isoprostanes in year 15 and 20
CARDIA plasma samples. CARDIA and YALTA were approved by the institutional
review board of each field center; each study participant provided informed written
consent.

Clinical measures

Participants were asked to fast for 212 h and to avoid heavy physical activity and
smoking for the 2 h before each CARDIA exam. Blood was collected from participants
in EDTA-containing and serum Vacutainer tubes and stored at 4 °C. Within 90 min
of collection, blood samples were separated through centrifugation, aliquotted
into airtight vials, flash-frozen, and stored at =70 °C until shipped. Samples were
delivered overnight on dry ice to a central laboratory and stored at =70 °C until
analysis.

In years 15 and 20, plasma free Fy-isoprostanes were measured with a gas
chromatography—mass spectrometry-based method [16] by the Molecular Epidemiology
and Biomarker Research Laboratory at the University of Minnesota (Minneapolis,
MN, USA), as previously described [17]. All samples were analyzed within 1 year of
collection. Substudies demonstrated the stability of F,-isoprostanes (no ex vivo loss or
formation) during blood collection and processing procedures. Analytical variation of
the method was 10% for each of three control pools assembled in 2000 and assayed
repeatedly between October 2000 and August 2007; the values of these control
pools were stable over time, implying that both assay and stored samples were
stable. Thus year 15 and 20 plasma F,-isoprostane concentrations are directly
comparable (Figure 1). A separate quality control approach used 368 blind duplicate
pairs (which included non-assay variance attributable to phlebotomy, sample handling,
and labeling, as well as to chemical analysis). In the blind duplicate analysis, the
overall technical error was 20.1% and the test-retest correlation was 0.84.

Other baseline measurements

Standard questionnaires were used to obtain selfreported demographic and
behavioral information across CARDIA examinations. Sex, race, date of birth,
education, cigarette smoking, weekly alcohol consumption, and vitamin
supplement use were ascertained by structured interview or self-administered
questionnaire at each examination. Educational status was quantified as the
maximum (at any visit) reported number of years of schooling completed.
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Selfrreported smoking status was classified as never, former, or current smoker.
Alcohol consumption in drinks per week was computed from selfreported
frequency of beer, wine, and liquor consumption. Participants reported their use
of dietary supplements, including brand, dose, and frequency of use. Physical
activity was assessed with the validated interview-administered CARDIA Physical
Activity History, a simplified version of the Minnesota Leisure Time Physical
Activity Questionnaire [18|, from which a score was calculated by multiplying
participants’ selfreported activity frequency by the activity intensity and
summing over activities. Height and weight were measured by study staff at each
examination and recorded to the nearest 0.5 cm and 0.2 kg, respectively. Body
mass index (BMI) was defined as weight (kg) divided by height squared (m?2).

Dietary assessment and food group creation

Diet was assessed at years 0, 7, and 20 by participant selfreport to an interview-
er-administered validated diet history. Interviewers asked study participants
open-ended questions about dietary consumption in the past month within 100
food categories, referencing 1609 separate food items in years 0 and 7 and several
thousand separate food items in year 20. For example, an affirmative response to
the question: “Do you usually eat bread?” was followed with open-ended questions
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FIGURE 1 F,-isoprostane concentrations 2000-2007 in repeatedly measured control pools
stored at -70 °C since 2000
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about the type of bread (e.g., white, whole wheat/mixed grains, rye) and, for each
bread type, the frequency of consumption (as servings per day, week, or month).
The complete CARDIA diet history can be viewed online at http://[www.cardia.
dopm.uab.edu/images/more/doc/D10006.PDF.

Detailed diet history data were coded by the University of Minnesota Nutrition
Coordinating Center (NCC). Recipes were decomposed into constituent foods and
assigned a number of servings per day. Foods were placed into 166 food groups
using the food grouping system devised by the NCC. Food group intake was
calculated as the total number of servings per day each food within the food group
was consumed. From the 166 food groups within the NCC system, we excluded 6
infant products (not relevant), unsweetened water, and nongrain flour (rarely
consumed). We further collapsed the remaining 158 food groups into 46 food groups,
as shown in Supplementary Table 1, to approximate those previously established
by study coauthors [19, 20]. Food groups were created based on considerations of
similar nutrient characteristics, hypothesized biologic effects, and comparability
to food groups defined in previous studies [19, 20].

Description of dietary patterns

We created a dietary pattern, a priori, by classifying foods groups as beneficial
(n=20), adverse (n=13), or neutral (n=13) in terms of hypothesized health effects
(Supplementary Table 2) [19, 20]. We categorized the 33 non-neutral food groups
into quintiles of consumption, scored the food group consumption as 0 to 4 for
beneficial or 4 to 0 (the reverse) for adverse foods, depending on the study
participant’s quintile level of consumption, and summed across all 33 food groups.
For food groups with a large proportion of non-consumers, we coded non-consumers
as 0 and consumers were categorized into quartiles. The theoretical maximum
score was 132, with a baseline mean of 64 (SD 13, range 25-110). Higher scores
indicate higher hypothesized diet quality (1 point corresponds to a shift in a single
food group to the next higher quintile), and we thus refer to this summary measure
as the “A Priori Diet Quality Score.”

We additionally derived two dietary patterns empirically, based on the study
participants’ self-reported dietary consumption. We used principal components
analysis (PCA) with orthogonal rotation to derive uncorrelated dietary patterns
from the 46 food groups. This is an established approach to studying dietary
patterns [13, 21]. We refer to these dietary patterns as the “fruit-veg” and “meat”
diet patterns to reflect dietary consumption patterns that were relatively high in
fruits and vegetables or meat, respectively. PCA results, presented as factor loadings,
were generally consistent across years 0 and 7 (Supplementary Table 2).

The two methods for constructing dietary patterns differ conceptually. The A
Priori Diet Quality Score is based on our beliefs, guided by the scientific literature,
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about the health effects of foods, whereas the two empirically derived dietary
patterns are based on a statistical correlation structure of food consumption,
based on CARDIA participants’ reported consumption. We note that the PCA still
incorporates a priori considerations about diet and nutrition reflected in decisions
about diet assessment and food group creation. All three dietary patterns are
completely food-based, and in this way differ from approaches to dietary pattern
construction that incorporate both foods and nutrients [12, 13|.

Reliability of dietary data

A baseline reliability study of nutrient consumption comparing two CARDIA diet
histories administered 1 month apart found substantial sex- and energy-adjusted
test-retest correlations, ranging from 0.27 (polyunsaturated fat) to 0.82 (saturated
fat) [22]. We lack reliability data for foods and dietary patterns in the CARDIA diet
validation study. However, in another large prospective cohort study, short-term
reliability coefficients for dietary patterns [23] were generally in the same range as
for foods [24] and nutrients [25]. In our data, participants’ dietary patterns were
characterized by long-term stability exceeding that observed for food or nutrient
consumption. Correlation coefficients for dietary patterns at years 0 and 7 were
0.66 for the A Priori Diet Quality Score, 0.50 for the fruit-veg diet pattern, and 0.59
for the meat diet pattern, whereas correlation coefficients for nutrients or foods
were generally lower than 0.40. For example, the correlation coefficient for years 0
and 7 dietary a-tocopherol was 0.24 and the coefficient for years 0 and 7 fruit
consumption was 0.33.

Statistical analysis

We used linear regression to quantify cross-sectional and prospective associations
between dietary patterns and plasma F,-isoprostanes. In the prospective analyses,
we calculated averages of each of the three dietary patterns assessed at years 0 and
7 and of F,-isoprostanes measured at years 15 and 20. We averaged diet and
biomarker data because: 1) there was no biologic reason for choosing specific years
for prospective analysis, 2) averaging across examination years increased the
sample size (by including people for whom only one measure was available), and 3)
averaging may improve the stability of dietary [26] and biomarker [27] data
obtained in epidemiologic studies. However, we note that findings for prediction of
year 20 F,-isoprostanes from year 0 diet patterns did not yield substantially
different findings from those presented (data not shown).

Separate regression analyses were conducted for each of the three dietary
patterns, as independent variables, and plasma F,-isoprostanes. Dietary patterns
were modeled as quintiles of consumption and continuously, using the p value
from the continuous model to assess linear trend. All regression models adjusted
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for participantsex (male, female), study center (Birmingham, Chicago, Minneapolis,
Oakland), race (white, black), age (continuous), and total energy (continuous). A
fuller model included educational attainment (<high school, some college,
>college), current cigarette smoking (current, never/former), supplement use (yes/
no), physical activity (continuous exercise units), BMI (continuous), and waist
circumference (continuous). In subsequent analysis, we additionally adjusted for
dietary consumption of several antioxidants, including o-tocopherol, ascorbic
acid, vitamin A, and a- and B-carotene. We included the nutrient-adjusted analysis
to examine the extent to which antioxidant nutrients appeared to account for
associations between dietary patterns and F,-isoprostanes. We also quantified
associations between dietary patterns and F,-isoprostanes separately among
supplement users and nonusers. For cross-sectional analysis, we adjusted for year
20 covariate values; for prospective analysis, we adjusted for covariate values
averaged across years 0 and 7. If dietary, covariate, or F,-isoprostanes data were
available for only 1 of the 2 years (year 0 or 7), we used the single year’s value in the
analysis. Potential intermediates were handled the same. To address possible
non-normality in F,-isoprostanes, we included linear regression analysis of natural
logarithm-transformed F,-isoprostanes. We also considered the possibility that
associations may differ for high values of F,-isoprostanes, and thus included
logistic regression analysis of those at or above vs below the 75th percentile of
F,-isoprostanes. All analyses were completed with the PC version (9.2) of SAS (Cary,
NC, USA).

We excluded from analysis clinic attendees who had missing dietary data (n=4
atyear 0, 143 at year 7, and 406 at year 20) or who reported implausibly high or low
energy intake (<800 or >8000 kcal/day for men, <600 or >6000 kcal/day for women)
(n=128 at year 0, 94 at year 7, and 54 at year 20). Data on plasma F,-isoprostanes
were missing for 670 participants at year 15 and 486 at year 20. After exclusions
and accounting for missing data, we had 2736 participants available for year 20
cross-sectional analysis and 2718 available for prospective analysis. Other
exclusions were analysis-specific, based on missing data for covariates.

RESULTS

Dietary patterns

The A Priori Diet Quality Score, created from hypothesized health effects of foods,
reflected a diet consistent with dietary guidelines, with low consumption of red
meat and refined grains and high consumption of fruits and vegetables and whole
grains. For example, among participants in the 1st, 3rd, and 5th quintiles of the
A Priori Diet Quality Score, the respective mean daily servings of red meat were 2.1,
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1.4, and 0.8; whole grains were 0.9, 1.6, and 2.2; and green vegetables were 0.2, 0.6,
and 1.6. The A Priori Diet Quality Score was not low fat, but had fat consumption
consistent with a Mediterranean diet, with higher consumption of oil (2.1, 2.1, and 3.8
servings/day within 1st, 3rd, and 5th quintiles) and nuts and seeds (0.6, 1.0, and 1.9)
and lower consumption of fried potatoes (0.3, 0.2, and 0.1) and butter (2.5, 2.0, 1.4).

Principal components analysis revealed two major patterns of dietary
consumption among CARDIA participants. One pattern, the fruit-veg diet, was
characterized by higher consumption of fruit, green vegetables, yellow vegetables,
whole grains, and nuts and seeds (Table 1). The meat diet was characterized by
higher consumption of red meat, processed meat, butter, fried potatoes, and
refined grains (Table 1). Food-specific loading scores for each pattern are shown in
Supplementary Table 2. The fruit-veg diet was positively correlated and the meat
diet was negatively correlated with the A Priori Diet Quality Score (respectively, at
year 20, r=0.69 and r=-0.42). The meat and fruit-veg dietary patterns were the first
two principal components and together explained 7.5% of the total variance in the
46 food groups at year 0, 8.1% at year 7, and 7.3% at year 20. The meat diet explained
slightly more of the variance than the fruit-veg diet (4.4% vs 3.2%, 4.6% vs 3.5%,
and 3.9% vs 3.4% from orthogonal rotated analysis of year 0, 7, and 20 data,
respectively). Other factors explained less than 2% each of the total variance. In
addition to explaining the most variance, the first two factors were conceptually
appealing: the patterns distinguished participants on consumption of major food
groups and are broadly consistent with other studies reporting results for
“Western” and “prudent” dietary patterns derived from PCA.

Year 20 characteristics of the study sample according to

dietary patterns

Dietary patterns were associated with participant characteristics (Table 1). People
who ranked high on the A Priori Diet Quality Score or the fruit-veg diet pattern
were more likely to be white, have a college degree, and use supplements. They
were less likely to smoke. In contrast, participants who ranked high on the meat
diet were more likely to be black or to smoke and were less likely to have a college
degree or use supplements. BMI and waist circumference decreased across
quintiles of the A Priori Diet Quality Score and fruit-veg pattern and increased
across quintiles of the meat dietary pattern. Physical activity increased across
quintiles of the A Priori Diet Quality Score and the fruit-veg pattern, but was stable
across quintiles of the meat pattern. We note that in energy-adjusted models,
exercise decreased across quintiles of the meat dietary pattern.
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TABLE 1 Characteristics of study sample at year 20 according to quintiles of
year 20 dietary pattern scores, CARDIA 2005-2006, n=27361

A Priori Diet Quality Score2.3

Q1 Q3 Q5
n 540 614 571
Dietary pattern score (mean (SD)) 3.4(0.4) 4.7 (0.2) 6.2 (0.4)
F,-isoprostanes (pg/ml) 63.0 (35.4) 56.2 (31.9) 43.5(17.6)
Age, years 24.2 (3.8) 25.2 (3.5) 26.0 (3.3)
Female (%) 49.3 54.4 66.0
White (%) 31.3 54.9 81.3
College degree (%) 32.8 50.7 771
Current smoker (%) 28.4 20.9 9.2
Supplement user (%) 32.6 52.9 67.6
Body mass index (kg/m2) 30.6 (7.3) 29.8 (6.8) 27.0 (5.7)
Waist circumference, cm 95.1 (15.7) 92.9 (15) 85.9 (13.6)
Physical activity (exercise units) 240 (233) 332 (275) 452 (297)
Mean total energy (kcal/day) 2495 (1185) 2251 (1039) 2292 (806)
Dietary a-tocopherol (mg/day) 4(6.5) 9(8.5) 15.4 (10.6)
Dietary ascorbic acid (mg/day) 114 (124) 163 (251) 204 (177)
Dietary vitamin A (IU/day) 5320 (3653) 8636 (6326) 15,168 (10,784)
Dietary a-carotene (ug/day) 282 (433) 564 (997) 1113 (1472)
Dietary B-carotene (ug/day) 1953 (1759) 3679 (3094) 7439 (5850)
Fruit (sv/day) 0.8 (1) .6 (1.9) .5(2.0)
Green vegetables (sv/day) 0.2 (0.3) .6 (0.6) .6 (1.3)
Yellow vegetables (sv/day) 0.1(0.2) .2(0.3) .5(0.6)
0Oil (sv/day) 2.1 (4.6) 1(4.1) .8 (6.0)
Refined grains (sv/day) 4.6 (3) .5(2.5) .5(1.7)
Red meat (sv/day) 2.1(1.9) 4(1.3) .8(0.9)
Whole grains (sv/day) 0.9 (1.1) .6 (1.4) 2 (1.5)
Seeds and nuts (sv/day) 0.6 (1.4) .0 (1.6) 9(2.3)
Processed meat (sv/day) 1.3(1.1) .9(0.9) .6 (0.8)
Fried potatoes (sv/day) 0.3 (0.4) .2(0.2) 0.1(0.1)
Butter (sv/day) 2.5(2.6) .0 (2.2) 1.4(1.9)

sv/day, servings per day.

1Tests for trend of continuous variables were based on general linear regression with dietary pattern

as continuous independent variable. X2 tests were used for categorical variables across all five levels

of the dietary pattern.

2 A Priori score is expressed in standard deviation (SD) units to facilitate comparison with the PCA

scores. The overall mean (SD) of the A Priori Diet Quality Score at year 20 was 70.3 (12.8).

3 All variables significant at p <0.01

4Meat diet and fruit-vegetable diet scores are principal components, centered on 0 with a standard

deviation of 1.0.

5 All variables significant at p <0.01 except gender (0.39) and processed meat (0.021).
6 All variables significant at p <0.01 except physical activity (p=0.22), dietary vitamin A (0.21), dietary
a-carotene (0.25), dietary B-carotene (0.036), whole grains (0.34), and seeds and nuts (0.33).
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Fruit-veg dietary pattern>

Meat dietary pattern6

Q1 Q3 Qs Q1 Q3 Qs
547 548 547 547 548 547
-1.1(0.2) -0.2(0.1) 1.5(0.9) -1.0 (0.2) -0.2(0.1) 1.6 (1.0)
64.0 (35.5) 53.7 (28.5) 446 (19.7) 51.2 (28.6) 53.2 (28.6) 56.5 (29.6)
241 (3.9) 25.3(3.5) 25.6 (3.4) 25.8 (3.4) 252 (3.7) 24.8 (3.6)
56.1 55.1 543 82.1 60.0 28.0
276 62.2 70.6 62.9 56.6 413
28.9 58 68.7 64.4 54.7 35.8
27.4 15.1 12.7 9.4 15.2 32.1
30.9 55.3 62.9 62.2 53.5 36.9
30.6 (7.3) 29.4(6.9) 28.3 (6.3) 27.8 (6.3) 29.6 (6.4) 30.4 (7.6)
93.9 (15.3) 92.0 (15.4) 89.6 (15.2) 85.3 (13.9) 92 (13.9) 97.2 (16.6)
221 (217) 340 (264) 459 (308) 351 (272) 305 (255) 353 (305)
2035 (1019) 2252 (1001) 2927 (1104) 1539 (574) 2121 (542) 3718 (1111)
6.2 (3.5) 10.4 (10.7) 18.7 (11.3) 10.1 (10.4) 10.3 (9.2) 14.3 (8.6)
95.3 (182 5) 165 (232) 261 (220) 139 (134) 161 (217) 207 (234)
4228 (2683) 8107 (4061) 19,122 (14,153) 11,242 (13,012) 8774 (6850) 10,688 (8012)
207 (306) 507 (621) 1498 (2292) 845 (189) 553 (757) 673 (995)
1541 (1300) 3406 (2020) 9347 (7533) 5462 (6934) 3900 (3620) 4395 (4158)

6(0.7) 4(1.1) .0(2.6) 1(2.4) 6(1.7) 5 (1.6)

2(0.2) 6(0.5) 8 (1.4) 1(1.3) .7(0.8) 6(0.7)
0.1(0.1) 2(0.2) 6(0.7) 4(0.6) 2(0.3) 2(0.3)
1.6 (3.2) 0(4.0) 2(6.8) 7(3.1) 4(4.5) 4(8.7)
3.8 (2.6) 5(2.5) 3(2.5) 5(0.9) 0(1.3) 4(31)
1.7 (1.7) 4(1.4) 3(1.4) 5(0.4) 1(0.7) 0(2.1)
0.7 (0.9) 6(1.2) 5(2.0) 6(1.4) 6(1.5) 5(1.5)
0.4(0.8) 0(15) 3(3.0) 2(2.0) 0(1.6) 0(1.9)
1.0 (1.0) 8(0.8) 9(1.1) 3(0.3) 8(0.7) 8(1.5)
0.3 (0.4) 2(0.2) 1(0.2) 1(0.1) 1(0.1) 4(0.5)
1.7 (2.0) 1(2.4) 3(2.7) 9(0.9) 8(1.8) 7(3.3)
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Year 20 characteristics of the study sample according to

plasma F,-isoprostanes

Plasma F,-isoprostanes were negatively associated with physical activity, supplement
use, and educational attainment and were positively associated with cigarette smoking,
BMI, and waist circumference (Table 2). Across quintiles of F,-isoprostanes, dietary
intake of a-tocopherol, ascorbic acid, vitamin A, and a- and 3-carotene decreased
(Table 2). Year 15 and 20 F,-isoprostanes were correlated at 0.62. The distribution of
F,-isoprostanes was left-skewed, as evidenced by the large standard deviation for
the 5th quintile of Fy-isoprostanes.

Cross-sectional associations between dietary patterns

and plasma F,-isoprostanes

At year 20, plasma F,-isoprostane concentrations were associated with each of the
three diet measures (Figure 2), in multivariable-adjusted regression models (adjusted
for age, gender, race, study center, total energy consumption, smoking, education,
supplement use, physical activity, BMI, and waist circumference). F,-isoprostane
concentrations decreased across quintiles of the A Priori Diet Quality Score (mean
61.6, 56.7, 56.6, 50.0, and 44.3 pg/ml, p;repng <0.0001) and the fruit-veg dietary
pattern (mean 62.1, 55.2, 54.6, 51.5, and 45.7 pg/ml, p; epnq <0.0001), whereas they
increased across quintiles of the meat dietary pattern (mean 48.0, 53.1, 52.4, 55.3,
and 60.4 pg/ml, p;eng <0.0001). Findings were materially similar from regression
analysis of natural logarithm-transformed Fy-isoprostanes, though the transformation
yielded a smaller range of geometric mean values from the 1st to the 5th quintile
of dietary pattern (Supplementary Table 3). Logistic regression analysis of those at
or above vs those below the 75th percentile did not reveal anomalous associations
between diet and high F,-isoprostanes (data not shown).

The associations between dietary pattern and F,-isoprostanes were similar
among supplement nonusers and users: F,-isoprostanes were negatively associated
with the A Priori Diet Quality Score and the fruit-veg pattern and positively
associated with the meat pattern (Table 3).

Additional adjustment for dietary antioxidant nutrients, including o-tocopherol,
ascorbic acid, vitamin A, and a- and B-carotene, did not materially change estimated
mean F,-isoprostanes across quintiles of consumption of the A Priori Diet Quality
Score or the fruit-veg dietary pattern among supplement nonusers and users. The
association between the meat dietary pattern and F,-isoprostanes was attenuated
to a greater extent upon adjustment for dietary antioxidants, particularly among
supplement users. For example, among supplement users, comparing the 1st and
5th quintiles of meat dietary pattern consumption, the estimated F,-isoprostanes
means were 44.8 (41.6, 48.0) and 58.0 (53.2, 62.7) before adjustment for dietary
antioxidant nutrients and 47.0 (43.8, 50.3) and 53.8 (48.8, 58.7) after adjustment
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FIGURE 2 Multivariable-adjusted mean year 20 F,-isoprostanes (pg/ml) according to quintiles

of year 20 (a) A Priori Diet Quality Score, (b) fruit-veg dietary pattern, and (c) meat dietary

pattern. Estimated mean F,-isoprostanes are plotted on dietary pattern quintile medians.

For graphical purposes, the A Priori Diet Quality Score is centered at its mean. All p <0.0001

for the trend in F,-isoprostanes across quintiles of dietary patterns.
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(Table 3). Similarly, in the analysis of natural logarithm-transformed F,-isopros-
tanes, the A Priori Diet Quality Score and fruit-veg dietary pattern displayed
stronger associations with F,-isoprostanes in supplement-stratified multivariable-
adjusted analysis that included adjustment for dietary nutrients than did the meat
dietary pattern (Supplementary Table 3). In separate models of possible statistical
interaction, we did not find evidence that associations between dietary patterns
and F,-isoprostanes differed according to smoking status (data not shown).

We obtained multivariable-adjusted standardized regression coefficients for
individual antioxidant nutrients in the total sample. These findings indicate that
the regression coefficient for the association between the A Priori Diet Quality
Score and F,-isoprostanes was stronger (-6.1; 95% CI -7.4, —4.8) than those for
dietary a-tocopherol (-3.8; -5.0, -2.6), ascorbic acid (-0.2; -1.3, 0.9), vitamin A (-2.9;
-4.0, -1.7), a-carotene (-1.6; -2.6, —0.5), or B-carotene (-2.9; -4.0, -1.7).

Prospective associations between dietary patterns and

plasma F,-isoprostanes

In multivariable-adjusted analysis, the year 0/7 average A Priori Diet Quality Score
and fruit-veg dietary pattern were both negatively associated, and the year 0/7
average meat dietary pattern was positively associated, with year 15/20 average
F,-isoprostanes (Figure 3a). We next looked at whether year 0/7 diet was associated
with the change in F,-isoprostanes between years 15 and 20. We note that in our
data year 20 F,-isoprostanes were on average lower than year 15 concentrations. In
multivariable-adjusted analysis, year 15 to 20 changes in F,-isoprostanes were
inversely associated with the year 0/7 A Priori Diet Quality Score and fruit-veg
dietary pattern and positively associated with the year 0/7 meat dietary pattern
(Figure 3b).
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FIGURE 3 (a) Multivariable-adjusted mean year 15/20 F2-isoprostanes (pg/ml) and (b) mean
change in F,-isoprostanes (pg/ml) from year 15 to 20 according to quintiles of year 0/7 average
dietary patterns. Data were adjusted for age, sex, race, study center, total energy consumption,
education, smoking, physical activity, supplement use, BMI, and waist circumference. Year 15
to 20 change analysis was also adjusted for year 15 F,-isoprostanes. F,-isoprostanes are plotted
at dietary pattern quintile medians. The A Priori Diet Quality Score is centered for graphical
purposes. All p <0.01 for trend.

DISCUSSION

In this cohort of young and middle-aged black and white Americans, we found
significant associations among three food-based dietary patterns and plasma
F,-isoprostanes. Our findings suggest that diets high in plant foods and low in red
meat may decrease systemic oxidative stress. These associations could not be
explained by differences in demographic variables, smoking, physical activity,
BMI, waist circumference, or supplement use. This study demonstrates the utility
of summary measures of diet —dietary patterns- to assess associations between
diet and F,-isoprostanes.
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In this analysis, we studied summary measures of whole diet (dietary patterns),
rather than individual nutrients or foods. The use of dietary patterns has grown
over the past decade, and our findings contribute to a literature showing that
dietary patterns provide a powerful method for studying diet and health. Dietary
patterns may better allow for the complexity of food and food synergy [13, 14| and
may be especially well-suited to the study of oxidative stress —a complex biologic
process that is probably influenced by a variety of dietary components [6]. The
benefit of studying diet comprehensively is supported by the strength of dietary
pattern associations after accounting for vitamin supplement use and dietary
antioxidant nutrient consumption. Although there are few studies of oxidative
stress and dietary patterns, our data are consistent with data from observational
[9] and intervention [7, 11] studies showing an inverse association between
plant-based diets and F,-isoprostanes.

In our data, the apparent benefit conferred by plant-based diets on F,-isoprostane
concentrations could not be explained by vitamin supplement use or by the
consumption of dietary antioxidants, including a-tocopherol, ascorbic acid,
vitamin A, and o- and (-carotene. These findings may indicate that plant-based
diets affect oxidative stress through dietary components that have not been
identified or measured or through complex pathways involving dietary synergy. In
contrast, dietary antioxidants seemed to account for more of the association
between the meat dietary pattern and F,-isoprostanes among supplement users
and, to a lesser extent, supplement nonusers. These findings may reflect the greater
variability in phytochemical-rich plant foods in the A Priori Diet Quality Score and
the fruit-veg dietary pattern, compared to the meat dietary pattern, seen, for
example, in the consumption of whole grains, nuts and seeds, and green and
yellow vegetables across quintiles of dietary pattern in Table 1.

Our analysis included the two primary methods for dietary pattern construction:
1: a pattern based on a priori considerations of the health effects of foods and 2:
patterns empirically derived from dietary consumption of the study sample. Each
approach provides an overall summary of dietary consumption, and, in the present
analysis, all three summaries are purely foods-based. Dietary patterns derived
from principal components analysis generally do not incorporate nutrients, but,
to our knowledge, our A Priori Diet Quality Score is the first a priori pattern that
does not incorporate nutrient or supplement use and is comprehensive in scope of
foods included, in contrast to other published a priori dietary patterns, such as the
Mediterranean diet [28] and the Alternate Health Eating Index [29]. Our focus on
foods is consistent with our support for a greater emphasis on foods in dietary
research [14, 30|, as well as with calls for a foods-based approach to dietary recom-
mendations [31].
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Dietary patterns research has been critiqued for the variability in published
approaches to defining patterns. In addition to a focus on foods-based diet
summaries, our selection of dietary patterns was motivated by an interest in
testing the stability of diet-isoprostanes associations with several patterns and to
restrict analysis to approaches that have been established in the literature. Our
two PCA-derived patterns can be considered conceptually comparable to “Western”
and “prudent” patterns in publications from other cohort studies [32, 33], although
we recognize that the exact weighting of foods will vary among study samples and
depending on foods included in the dietary assessment. The approach used to
create the A Priori Diet Quality Score has also been previously published and has
been shown to predict a range of cardiometabolic outcomes in other samples [19,
20]. From our reading of the dietary patterns literature, we believe that specific
approaches to variable construction may be less relevant than the finding that
studying whole diets is a powerful method to verify the importance of food in
physiologic processes. Still, the field of dietary patterns is new and future research
will benefit from work focused on elucidating important distinctions among
patterns.

Our study has several strengths and limitations. The large CARDIA study
sample and extensive covariate data enable us to provide effect estimates that are
stable and adjusted for important confounding variables. Applying both a priori
and principal component analysis approaches allowed us to test the robustness of
findings despite differences in approaches to construct dietary patterns. The
repeated measurement of diet and biologic markers allowed us to average diet and
biomarker data, which increases the reliability of our prospective analysis. Our
longitudinal design also enabled us to include both cross-sectional and prospective
analysis. Cross-sectional results do not temporally distinguish the measurement
of diet and F,-isoprostanes, both of which were assessed at year 20, whereas
prospective analysis included assessment of diet and co-variables that preceded
the measurement of F,-isoprostanes. The prospective associations may mean that
the conditions for midlife oxidative stress exist many years before midlife. The
timing of data collection was not planned with the current study in mind, and
although the analysis was prospective in nature, we were unable to examine
concurrent change in diet and F,-isoprostances, which weakens our ability to
make causal statements. Our study sample was relatively young (ages 38-50 in year
20) and limited to black and white race groups, and it is possible that our findings
may not represent older or more diverse populations.

Our analysis was limited to a single measure of oxidative damage, lipid
peroxidation. Among available markers, F,-isoprostanes are considered the gold
standard for assessing lipid peroxidation [3-5]. A study of experimentally induced
oxidative damage supports the use of either urinary or plasma F,-isoprostanes as
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reliable time- and dose-dependent markers of general oxidative status in vivo [34].
Evidence from many, but not all, epidemiologic studies supports higher F,-isopros-
tanes in physiologic states consistent with the oxidative stress hypothesis [3]. In
the CARDIA sample, F,-isoprostanes have been inversely associated with
circulating carotenoids [35] and positively associated with smoking, BMI, coronary
artery calcification [17], and insulin resistance [36].

In conclusion, our data support cross-sectional and prospective associations
between foods-based dietary patterns and plasma concentrations of F,-isopros-
tanes, a biomarker of lipid peroxidation. Associations were robust to the method of
dietary pattern creation, with both a priori and principal components analysis-de-
rived patterns showing relations to plasma F,-isoprostanes, and to multivari-
able-adjustment for BMI, waist circumference, smoking, and physical activity.
These findings could not be explained by vitamin supplement use or by dietary
consumption of antioxidant nutrients. These data support protective effects of a
diet high in fruits, vegetables, nuts, seeds, and whole grains and low in red and
processed meats and refined grains against oxidative damage.
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SUPPLEMENTAL MATERIAL

SUPPLEMENTAL TABLE 1 CARDIA food groups and their constituent Nutrition
Coordinating Center (NCC) food subgroups.

Food group 1:
Fruit

Food group 2:
Fruit Juices

Food group 3:
Eggs/Omelettes
Food group 4:
Whole grain foods

Food group 5:
Sweet breads

Food group 6:
Salty snacks

Food group 7:
Refined grains

Food group 8:
Grain desserts

Citrus fruit

Fruit excluding citrus fruit

Fried fruits

Fruit-based savory snack

Citrus juice

Fruit juice excluding citrus juice

Eggs

Egg substitute

Grains, flour and dry mixes - some whole grain

Loaf-type bread and plain rolls - some whole grain
Crackers - some whole grain

Pasta - some whole grain

Ready-to-eat cereal (not presweetened) - some whole grain
Ready-to-eat cereal (presweetened) - whole grain

Grains, flour and dry mixes - whole grain

Loaf-type bread and plain rolls - whole grain

Crackers - whole grain

Pasta - whole grain

Ready-to-eat cereal (not presweetened) - whole grain
Ready-to-eat cereal (presweetened) - whole grain

Popcorn

Flavored popcorn

Snack bars - some whole grain

Snack bars - whole grain

Other breads (quick breads, corn muffins, tortillas) - whole grain
Other breads (quick breads, corn muffins, tortillas) - some whole grain
Other breads (quick breads, corn muffins, tortillas) - refined grain
Snack chips - whole grain

Snack chips - some whole grain

Snack chips - refined grain

Ready-to-eat cereal (not presweetened) - refined grain
Ready-to-eat cereal (presweetened) - refined grain
Crackers - refined grain

Pasta - refined grain

Grains, flour and dry mixes - refined grain

Loaf-type bread and plain rolls - refined grain

Snack bars - refined grain

Cakes, cookies, pies, pastries, danish, doughnuts and cobblers - whole
grain

Cakes, cookies, pies, pastries, danish, doughnuts and cobblers - some
whole grain

Cakes, cookies, pies, pastries, danish, doughnuts and cobblers -
refined grain

Miscellaneous dessert
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SUPPLEMENTAL TABLE 1 (Continued) CARDIA food groups and their constituent
Nutrition Coordinating Center (NCC) food subgroups.

Food group 9:
Chocolate

Food group 10:
Seeds, nuts and
peanut butter
Food group 11:
Dairy low fat

Food group 12:
Dairy whole fat

Food group 13:
Soups

Food group 14:
Beans

Food group 15:
Vegetables- green
leafy

Food group

16: Vegetables- dark-
yellow

Food group 17:
Vegetables- potatoes
Food group 18:
Other vegetables

Chocolate candy

Nuts and seeds
Nut and seed butters

Yogurt - sweetened low fat

Yogurt - sweetened fat free

Yogurt - artificially sweetened low fat

Yogurt - artificially sweetened fat free

Milk - reduced fat

Milk - low fat and fat free

Ready-to-drink flavored milk - reduced fat

Ready-to-drink flavored milk - low fat and fat free

Sweetened flavored milk beverage powder with non-fat dry milk
Artificially sweetened flavored milk beverage powder with non-fat dry milk
Cream - reduced fat

Cream - low fat and fat free

Cheese - reduced fat

Cheese - low fat and fat free

Yogurt - sweetened whole milk

Yogurt - artificially sweetened whole milk

Frozen dairy dessert

Pudding and other dairy dessert

Artificially sweetened pudding and other dairy dessert
Cream

Milk - whole

Ready-to-drink flavored milk -~ whole

Sweetened flavored milk beverage powder without non-fat dry milk
Artificially sweetened flavored milk beverage powder without
non-fat dry milk

Cheese - full fat

Soup broth

Legumes (cooked dried beans)

Dark-green vegetables

Deep-yellow vegetables

White potatoes

Other starchy vegetables
Other vegetables

Fried vegetables

Vegetable juice
Vegetable-based savory snack
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SUPPLEMENTAL TABLE 1 (Continued) CARDIA food groups and their constituent
Nutrition Coordinating Center (NCC) food subgroups.

Food group

19: Avocados/
guacamole
Food group 20:
Tomatoes

Food group 21:
Fried potatoes
Food group 22:
Processed meats

Food group 23:
Red meat lean

Food group 24:
Red meat regular

Food group 27:
Fried foods

Food group 28:
Fish

Food group 29:
Lean fish

Food group 30:
Shellfish

Food group 31:
Sweet extras

Food group 32:
Sugar substitute
Food group 33:
Margarine

Food group 34:
0Oil

Food group 35:
Butter

Avocado and similar

Tomato
Fried potatoes

Cold cuts and sausage
Lean cold cuts and sausage
Meat-based savory snack
Beef

Veal

Lamb

Cured pork

Fresh pork

Lean fresh pork

Lean lamb

Lean cured pork

Game

Lean veal

Lean beef

Food group 25: Organ meat
Organ meats

Food group 26: Poultry
Poultry

Lean poultry

Fried chicken - commercial entrée and fast food
Fried fish - commercial entrée and fast food
Fried shellfish - commercial entrée and fast food
Fish - fresh and smoked

Lean fish - fresh and smoked
Shellfish

Sugar

Syrup, honey, jam, jelly, preserves
Non-chocolate candy

Frosting or glaze

Sugar substitute

Margarine - regular

Margarine - reduced fat

0Oil

Fried vegetables

Butter and other animal fats - regular
Butter and other animal fats - reduced fat
Shortening
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SUPPLEMENTAL TABLE 1 (Continued) CARDIA food groups and their constituent
Nutrition Coordinating Center (NCC) food subgroups.

Food group 36:
Meal replacement
drinks

Food group 37:
Coffee

Food group 38:
Tea

Food group 39:
Sugar-sweetened
soft drinks

Food group 40:
Diet soft drinks

Food group 41:
Beer

Food group 42:
Liquor

Food group 43:
Wine

Food group 44:
Salad dressing/
sauces

Food group 45:
Soy/non-dairy
products

Food group 46:
Pickled foods

Dairy-based sweetened meal replacement/supplement
Dairy-based artificially sweetened meal replacement/supplement
Nondairy-based sweetened meal replacement/supplement
Nondairy-based artificially sweetened meal replacement/supplement
Nondairy-based unsweetened meal replacement/supplement
Sweetened coffee

Artificially sweetened coffee

Unsweetened coffee

Sweetened coffee substitutes

Artificially sweetened coffee substitutes

Unsweetened coffee substitutes

Sweetened tea

Artificially sweetened tea

Unsweetened tea

Nondairy-based artificially sweetened meal replacement/supplement
Sweetened soft drinks

Sweetened water

Sweetened fruit drinks

Non-alcoholic beer

Non-alcoholic light beer

Artificially sweetened soft drinks

Unsweetened soft drinks

Artificially sweetened water

Artificially sweetened fruit drinks

Beer and ales

Cordial and liqueur
Distilled liquor
Wine

Salad dressing - regular

Salad dressing - reduced fat/reduced calorie/fat free
Sauces, sweet — regular

Sauces, sweet - reduced fat/reduced calorie/fat free
Sauces and condiments - regular

Sauces and condiments - reduced fat

Gravy - regular

Gravy - reduced fat/fat free

Meat alternatives

Milk - nondairy

Cheese - nondairy
Yogurt - nondairy
Frozen nondairy dessert
Cream - nondairy

Pickled foods
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SUPPLEMENTAL TABLE 2 Description of the A Priori Diet Quality Score and

PCA-derived dietary pattern scoring algorithms®. For the A Priori Diet Quality
Score, CARDIA food groups were scored as positive, negative, or neutral for health.

PCA-derived pattern descriptions are given as factor loadings from the PCA.

CARDIA Food Groups A Priori Meat Diet FV Diet

Diet Quality Score Pattern Pattern
Health Impact Year 0 Year7 YearO0  Year?7

Avocado + 0.44 0.27

Beans + 0.29 0.35

Beer + 0.25 0.32

Butter - 0.70 0.65

Chocolate 0

Coffee +

Diet soft drink 0 0.21

Eggs 0 0.50 0.53

Fish +

Fried foods - 0.35

Fried potatoes 0.54 0.52

Fruit 0.49 0.51

Fruit juice 0 0.20 0.21 0.22

Grain dessert - 0.39 0.39

Green vegetables + 0.56 0.64

Lean fish + 0.38 0.35

Lean red meat 0 0.36 0.34

Low fat dairy + 0.28 0.27

Liquor + 0.20

Margarine 0 0.27 0.33

Meal replacement 0

0Oil + 0.25 0.38 0.45 0.40

Organ meat - 0.22

Other vegetables + 0.23 0.69 0.73

Pickled foods 0 0.23 0.34 0.35

Potatoes 0 0.34 0.27 0.22

Poultry + 0.25 0.31 0.20 0.26

Processed meat - 0.58 0.54

Regular red meat - 0.60 0.71

Refined grains 0 0.72 0.71

Salty snacks - 0.27

Sauces - 0.34 0.59 0.32 0.31

Seeds, nuts 0.34

Shellfish 0.24 0.29

Soft drink - 0.41 0.43 -0.21 -0.22

Soups 0 0.30
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SUPPLEMENTAL TABLE 2 (Continued) Description of the A Priori Diet Quality

Score and PCA-derived dietary pattern scoring algorithms®. For the A Priori
Diet Quality Score, CARDIA food groups were scored as positive, negative,
or neutral for health. PCA-derived pattern descriptions are given as factor

loadings from the PCA.

CARDIA Food Groups A Priori Meat Diet FV Diet

Diet Quality Score Pattern Pattern
Health Impact Year 0 Year7 YearO0  Year?7

Soy products

Sugar substitutes

Sweet breads - 0.58 0.43

Sweet extra - 0.39 0.32

Tea +

Tomato + 0.53 0.59

Whole fat dairy - 0.43 0.44

Whole grains + 0.40 0.42

Wine + 0.21 0.20

Yellow vegetables + 0.47 0.54

“Factor loadings <0.20 are suppressed
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CHAPTER 5

ABSTRACT

Objective Despite much research on nutrients and chronic diseases, a preferable
method does not exist for making food classifications that satisfy multiple nutrient
criteria.

Design We developed a system to classify all foods in the diet based on their
nutrient content and their likely chronic disease effects.

Setting In collaboration with the Netherland Nutrition Center.

Subjects not applicable.

Results First, each food was divided into basic foods, non-basic foods and ready
meals. Basic foods are nutrient-rich foods that are typical for the Dutch diet.
Non-basic foods are generally energy-dense foods and rich in solid fats, sodium
and/or sugar. Second, several food groups were created within each broad category.
Classification criteria for each food group were developed based on presumed
positive, neutral or negative effects on chronic diseases of five nutrients: four that
likely increase (saturated fatty acids, mono-trans unsaturated fatty acids, sodium,
and added sugar) and one that likely decreases (dietary fiber) the risk of chronic
diseases. Third, each food was classified on the most adverse interpretation of any
of the criteria. For further evaluation of the food classification system, we formed
two groups of foods: those with presumed positive or neutral chronic disease
effects and those with presumed negative effects.

Conclusions We have provided a method for classifying every food in a transparent
and novel way using multiple nutrient criteria. Although this system needs
validation, resulting food classification can be used in nutritional education and
epidemiological studies on dietary quality scores and chronic disease incidence.
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CLASSIFICATION OF FOODS FOR FOOD-BASED DIETARY SCORES

INTRODUCTION

Nutrient-based targets are difficult to interpret by the public, therefore at minimum
translation of nutrients to foods is needed. In an ideal situation food-based dietary
guidelines should correspond with scientific evidence on chronic disease prevention
by recognizing each food as a complex unit of which the health effect may not be
fully described by its individual nutrients and bioactive compounds [1, 2]. Research
on diet and disease relationships traditionally relied on analysis of specific nutrients
but has more recently shifted to foods and dietary (quality) scores. Studies that
compared multiple dietary scores suggested that dietary scores solely based on foods
or food groups are better predictors of mortality than those based predominantly
on nutrient intakes, or combination of nutrients and foods [3-5]. However, specific
criteria do not exist on which foods or food groups should be included, or how they
should be scored.

In the Netherlands two organizations are responsible for developing dietary
guidelines. The process is depicted in Figure 1. The Health Council of the Netherlands
reviews the evidence on nutrition and chronic diseases regularly to establish Guidelines
for a Healthy Diet [6]. The Netherlands Nutrition Centre translates these guidelines
into the Food Choice Guidelines [7]. These guidelines are formulated in terms of
foods and serve two goals, first to provide a nutritionally adequate diet containing all
recommended macro and micronutrients and second to contribute to the prevention
of chronic diseases.

Health Council of the Dietary References N Diet and Chronic
Netherlands Intake Disease Relationships

N Va

Guidelines for a Healthy Diet
(2006)
Recommended Daily
Amounts of Foods
Netherlands Nutrition Food Choice Basic and Non-Basic
Center Guidelines (2011) foods

Food Choice Table

FIGURE 1 Organizations and process for developing food-based dietary guidelines.
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CHAPTER 5

Nutrient and energy-based criteria for classification of foods are used for
compiling a Food Choice Table corresponding to the Guidelines. The main purpose
of this Table is nutrition education, however other applications can be envisioned.
A second purpose could be to stimulate the food industry to develop or reformulate
products for a healthy diet. Finally, the criteria for classifying foods could be used
to develop food-based dietary scores for evaluation of the dietary guidelines and
epidemiologic research on diet and the incidence of chronic diseases.

This paper describes a system for classification of foods using multiple, food
group specific nutrient-based criteria that are based on state-of-the-art knowledge
of nutrients in foods and their potential effects on chronic diseases and current
consumption patterns in the Netherlands. Furthermore, the criteria also provide
an evidence-based framework for food-based dietary pattern scores to be used in
epidemiologic research.

Dietary guidelines

In the Netherlands the evidence on diet and chronic disease relationships is
evaluated by the Health Council. To develop the Guidelines for a Healthy Diet [6],
information on Dietary Reference Intakes of nutrients is also taken into account
[8-10]. The most recent version of the Guidelines dates from 2006 and currently a
revision is taking place. The Guidelines apply to the apparently healthy Dutch
population from the age of 12 months onwards.

Relative to the current Dutch diet the 2006 Guidelines are targeted at
increasing the consumption of dietary fiber-rich foods such as fruit, vegetables,
and whole grain bread, and cis-unsaturated fatty acids in plant oils and fish. A low
intake is advised for saturated fatty acid, mono-trans unsaturated fatty acids, foods
and beverages that contain easily fermentable sugars, drinks high in food acids,
alcoholic beverages and salt. Finally the report emphasizes that, in the context of
dietrelated chronic diseases, the focus should be on dietary patterns and not on
individual foods. As stated by the Health Council these guidelines need to be
translated into quantitative advice on food consumption: the so-called food-based
dietary guidelines [11].

Food-based dietary guidelines are generally broad and nonspecific such as ‘eat
a variety of foods each day’ or ‘eat plenty of fruits and vegetables’ or more specific
such as ‘eat five portions of fruits and vegetables a day’. Messages may also indicate
the type of food, such as ‘eat low-fat dairy products and drink low-fat milk’, or are
meal specific such as ‘eat breakfast every day’ [12]. These simple messages are
generally illustrated for nutrition education purposes. Examples are the United
States My Plate [13] and the Food Pyramid which is used in many European
countries [12].
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CLASSIFICATION OF FOODS FOR FOOD-BASED DIETARY SCORES

Classification of foods to the effects of nutrients on health

The classification of foods in the Netherlands was done in two steps. Firstly, a
distinction was made among basic and non-basic foods and ready meals. The basic
foods are illustrated using a food wheel, the center of which is used for the most
important messages on foods (Figure 2). The food wheel itself consists of five broad

» o«

food groups i.e. “bread, cereals, legumes and potatoes”, “fruit and vegetables”,
“dairy, meat, fish and eggs”, “fats and oils”, and “beverages”. These five broad food
groups are subdivided into 16 basic food groups consisting of nutrient-dense foods
that are typical for the Dutch diet and are important contributors to the nutrient
supply of the consumers. Non-basic foods and ready meals, are usually energy-dense
and and/or high in solid fats, sodium and/or added sugar, are subdivided in nine
food groups (Table 1).

In the second step each food group was divided into three subgroups, foods
with a positive, neutral or negative effect on health. This is similar to a strategy
that has been developed in the USA by Sijtsma et al. [14]. The five main criteria for
the classification of the individual foods within the broad basic foods category
were based on the most important nutrients for prevention of chronic diseases,
according to the Guidelines for a Healthy Diet. These are four nutrients that
increase the risk of chronic diseases: saturated fatty acids, trans unsaturated fatty
acids, added sugar and sodium, and one nutrient that decreases the risk of chronic
diseases: dietary fiber.

FIGURE 2 Wheel of five.
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TABLE 1. Overview of food groups within the broad categories of basic foods,
non-basic foods, and ready meals

Basic foods Non-basic foods Ready Meals

Vegetables and fruit Soups Warm meals/main courses
Fruit juices Sauces Mixed salads

Legumes Snacks Lunch dishes/sandwiches
Potatoes, pasta Sugar sweetened beverages

Rice Spreads

Bread Other foods

Breakfast cereals

Other grain products
Milk and milk products
Cheese

Unprocessed meat
Processed meat

Eggs

Fish

Fats and oils

Water

A few exceptions to these nutrient criteria exist. Vegetable and fruit consumption
should be stimulated, therefore all unprocessed vegetable and fruits are classified
positive. This includes frozen, canned or jarred vegetables and fruits provided that
the total edible portion is present in de final product. More processed vegetables or
fruits (i.e. pureed, juiced) are classified neutral, additions to vegetables and fruits
classifies for a negative rating (i.e. a la creme versions of vegetables). For eggs there
are no classification criteria, they are nutrient rich but also contain cholesterol,
this is not rated in the criteria, therefore maximum recommended amount is set
at 3 eggs per week. Processed fish e.g. salted and pickled herring, smoked and
steamed fish, were classified as positive regardless of these five nutrients. The
reason is that fish consumption is low in the Netherlands (<1 serving per week)
and needs to be stimulated to achieve an adequate intake of the essential n-3 poly-
unsaturated fatty acids.

There was no energy criterion for basic foods, instead daily recommended
amounts, stratified by age and gender, are available for each basic food group [15].
For non-basic foods and ready meals an energy criterion was added to limit the risk
of'a positive energy balance. For ready meals a vegetable component was also added
because in the Dutch dietary pattern most of the vegetables are consumed with
meals. A description of how the criteria for a positive, neutral or negative rating
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were derived with an example for the classification of breads, snacks and ready
meals, and criteria points for all foods are described in the supplemental material.

Food-based dietary scores based on the classification system
Based on the classification system described above an evidence-based framework
was created to create food-based dietary scores to be used in epidemiologic
research. This is needed because existing dietary scores have disadvantages. Firstly,
a limited selection of food groups is included, secondly, food groups are generally
broadly defined and thirdly, many scores include both food and nutrient-based
scoring components.

Because of the detailed classification system several issues should be kept in
mind in preparing food-based dietary scores. Firstly, depending on the dietary
assessment method food groupings can be based on several foods, for example
when a food frequency questionnaire is used. Secondly, each food group will be
not be consumed in sufficient amounts in every population to stand alone. For
example, in the Dutch elderly population the consumption of low-fat cheese is very
low, therefore, the criteria for a positive rating of cheese might not be applicable.
Thirdly, with respect to scoring, dietary pattern choices have to be made regarding
the neutral rated foods. Different options are possible; excluding neutral food
groups from an overall dietary score as done in previous studies [14, 16-18] or
combining positive and neutral foods in one score.

We created two dietary scores, one scoring positive and neutral basic foods
and another one scoring negative including refined or processed basic foods,
non-basic foods and ready meals (Table 2). In the positive and neutral scored basic
food groups there should be considerable variety and sufficient intake of foods
based on the Dutch consumption pattern. We used either the cut off points for a
neutral rating (whole grains, low-fat milk and yoghurt, oils and soft margarines
and the non-caloric drinks) or the cut off point for a positive rating (unprocessed)
vegetables, fruit, potatoes, lean meat) to decide to which score a specific food was
added. For some food groups we did not use classification criteria because 1) the
nutrients were not applicable (eggs), 2) the consumption of the specific food group
should be stimulated (fish), 3) overall consumption of the food group is not
sufficient to further divide the food group into positive or negative foods (protein
rich plant foods). The negative scored high fat, refined, and processed basic foods,
the non-basic foods and ready meals are generally energy dense, low in nutrients
and/or high in solid fats, sodium and added sugar. For the high-fat, refined and
processed basic foods the criteria for solid fats, sodium added sugar and dietary
fiber are specified in table 2. Because of the high energy density and/or the high
content of solid fats, sodium and added sugar and/or low content of dietary fiber
we did not use the classification criteria for non-basic foods and ready meals.
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TABLE 2 Simplified classification of foods for the purpose of creating food-based

dietary scores

Positive and neutral rated
basic food groups

Examples of foods

Criteria

Vegetables
Fruit

Whole grains

Potatoes

Protein rich plant foods

Lean meat

Fish

Eggs

Low fat milk and yoghurt

Oils and soft margarines

Non caloric drinks

Lettuce, tomatoes, cauliflower,
green beans, leeks etc.

Apple, orange, bananas,
grapes, strawberries etc.

Whole wheat bread, crackers,
cereals, brown rice

All potatoes and potato
products regardless of
preparation method

Peas, broad beans, tofu, nuts
and seeds

Beef, chicken or turkey breast,
ham

Trout, salmon, herring,
pollock, shellfish

Skimmed and semi-skimmed
milk, yoghurt, buttermilk

Vegetable oils, (diet) low-fat
margarines

Water, tea, coffee,

Unprocessed vegetables
Unprocessed fruit

Bread!:

SFA: <1.1g/100g
TF:<0.1g/100g
DF: > 1.3g/100kcal
Na: < 500mg/100g
AS:<13en%

SFA: < 1.1g/100g
TF:<0.1g/100g
DF: 2 1.7g/100kcal
Na: <100mg/100g

All legumes, nuts
and seeds

SFA: < 4g/100g
Na: < 100mg/100g
AS: not added

All fish

All eggs

SFA: < 1.3g/100g
Na: <100mg/100g
AS: < 5g/100g

SFA: < 30% of total fat
TF: < 1.3en%

Na: < 160mg/100g
SFA: < 1.0g/100g
TF: <0.1g/100g
Na: < 20mg/100ml
AS: not added

Negatively rated basic and
non-basic food groups

Processed vegetables

Processed fruit

Canned or jarred vegetables,
spinach a la créme, pickled
vegetables, sauerkraut

Fruit or vegetable juice,
applesauce
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TABLE 2 (Continued) Simplified classification of foods for the purpose of creating

food-based dietary scores

Negatively rated basic and Examples of foods Criteria
non-basic food groups
Refined grains Refined bread, cornflakes, Refined bread?!

High-fat meat

Processed meat

Full-fat milk and yoghurt

Negatively rated basic and
non-basic food groups
Full-fat cheese

Butter and hard margarines
Soups

Sauces

Spreads

Ready meals
Sweet snacks

Savory snacks

Sugar sweetened beverages

white rice

Hamburger, chicken or turkey
with skin, minced meat, pork
sirloin

Cold cuts (bacon, sliced ham,
salami)

Full-fat milk, chocolate milk,
yoghurt, coffee cream

Examples of foods

Hard cheeses (e.g. Gouda,
cheddar), soft cheeses (e.g.
brie, camembert), cream
cheese

Butter, margarine

Vegetable soup, stock/broth
Mayonnaise, ketchup, gravy,
hollandaise, béarnaise
Peanut butter, jam, chocolate-
hazelnut spreads

Pizza, quiche, lasagne

Ice cream, cookies, candy bars,
chocolate

Crisps, chips, deep fried
snacks, doner kebab,
condiments

Soda’s, ice tea, lemonade,
cappuccino

SFA: > 1.1g/100g
TF: > 0.1g/100g
DF: <1.3g/100 kcal
Na: > 500mg/100g
AS:>13en%

SFA: > 13en%

Na: > 100mg/100g
AS: added

SFA: > 13en%

Na: > 900mg/100g
AS: > 2.5g/100g
SFA: > 1.3g/100g
Na: > 100mg/100g
AS: > 5g/100g
Criteria

SFA: > 16g/100g
Na: >900mg/100g

SFA: > 30% of total fat
TF: > 1.3en%

Na: > 160mg/100g
n.a.

n.a.

n.a.
n.a.

n.a.

n.a.

SFA:= saturated fatty acids, TF:= trans fat, DF= fiber, Na= sodium, AS= added sugar, EN= energy kcal;
general criteria, tolerance levels, food group specific criteria
Each specific food is first classified according to the criteria for a positive classification. If any criterion is not
satisfied the neutral criterion is checked. If all neutral criteria are not satisfied the food is classified negative

1Classification criteria for bread are shown, different criteria should be used for rice and cereals
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DISCUSSION

We described a food classification system in which all foods were initially
categorized into basic and non-basic foods, and ready meals. Within these broad
categories food groups were created, and then individual foods were classified as
having a positive, neutral or negative effect on health. Criteria to classify foods
were based on four nutrients that increase the risk of chronic diseases: saturated
fatty acids, trans unsaturated fatty acids, sodium, and added sugar and one nutrient
that decrease the risk of chronic diseases: dietary fiber. For non-basic foods and
ready meals the same five nutrients were used plus energy content. Finally two
dietary scores were created, one scoring positive and neutral foods and another
scoring negative foods to be used in epidemiological research.

Although the criteria were developed using state-of-the-art knowledge of
nutrition they may change because of advancing knowledge and changes in the
Dutch food consumption pattern. The current criteria may not be optimal for the
prevention of chronic diseases because what is desired can be compromised by
which foods are available, i.e. there should be a variety of choice in foods in each
category. For example the lower threshold for fiber is based on an international
recommendation (3.0 mg/M]J). This is lower than the recommendation of the
Health Council of the Netherlands (3.4 mg/M]). Sodium thresholds are based on
the current sodium content of foods. Therefore, it is not possible to realize the
current recommendation of less than 6g salt per day. This recommendation can
only be realized if the food industry lowers sodium content of foods. Instead of
added sugar it might be better to define criteria based on free sugars since they are
of greatest interest in relation to a positive energy balance [19]. These criteria
should be evaluated regularly and possibilities to re-formulate the criteria more
strictly should be considered.

An important limitation of the present classification system is that the criteria
were developed specifically for the Dutch situation. These criteria are not
necessarily directly applicable in other countries with different foods and food
consumption patterns. Other or additional public health goals may be important
for developing food-based dietary guidelines in other countries. For most Western
countries however, dietary goals are quite similar, i.e. stimulating fiber intake,
and discouraging the intake of saturated fat, trans unsaturated fat, sodium, and
added sugar. Therefore, the general principles of classifying foods may also be
applicable in other countries.

Only a few nutrients were used to classify foods. This raises the question of the
importance of other nutrients and of energy in classifying foods. Nutrients in
foods are, however, highly correlated e.g. fiber rich foods are often also rich in
vitamins and minerals (e.g. whole grain breads, fruits, vegetables). There is no
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energy criterion for basic foods that are important contributors of essential
nutrients and trace elements and therefore less important with regards to energy
content. To avoid overconsumption of high fat, refined and processed basic foods it
is important to stress appropriate portion sizes and recommended daily amounts.

The classification criteria are not only important for nutrition education, but
also for investigating dietary patterns in relation to chronic diseases. Dietary
pattern scores based on current food-based dietary guidelines are useful not only
for assessing diet and chronic disease relationships but also for evaluating dietary
guidelines. In this context the definition of a dietary pattern is an important
question. Up to now, most dietary patterns scores are based on both nutrients and
foods and few scores are solely based on foods. Published food-based dietary
pattern scores generally included only a few broad food groups [20, 21] or
recommended foods [22] and may not capture all dietary information. Furthermore,
A priori Diet Quality Scores were created based on evaluation of food-disease
relationships by individual researchers [14, 17, 18, 23]. The criteria described in the
present paper provide an evidence-based approach for creating food groups and
classifying foods which can be combined into a food-based dietary pattern score.

In conclusion, the described system can be used to systematically and objectively
classify each food in relation to their likely effects on health. This is not only
important for nutrition education but could also provide a framework for
epidemiologic research on diet and chronic disease relationships. Further research
is needed to validate the classification system and to assess whether food-based
dietary scores based on this system predict disease.
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CLASSIFICATION OF FOODS FOR FOOD-BASED DIETARY SCORES

SUPPLEMENTAL MATERIAL

Details of the classification of foods to the effects of

nutrients on health.

To be able to classify each food based on the five nutrients, energy, and vegetable
intake, three sets of criteria were developed i.e. general criteria, food group specific
criteria and tolerance levels.

Each food was first classified using the general criteria. General criteria for
saturated fat, trans fat, and sodium were derived from the Guidelines for a Healthy
Diet. For added sugar the criterion was based on international recommendations
[1]. For the nutrients that needed to be restricted there was a difference between
average and recommended intake of approximately 30%. This difference was used
as a general criterion. An exception was the intake of dietary fiber which needs to
be encouraged, therefore there was no upper limit. The lower limit for the general
criterion was 1.3 g/100 kcal based on international recommendations [1].

Food group specific criteria were derived if the general criteria were insufficient to
classify foods. To distinguish neutral from negative classified foods, food group
specific criteria were based on the average current intake of a given nutrient (taken
from the third Dutch National Food Consumption Survey) expressed per 100g of
the food [2]. To distinguish positive from neutral foods the desired change for the
five main nutrients was taken into account. For example, compared to the current
intake a decrease of 30% for saturated fat and an increase of 30% for fiber was used.

Tolerance levels were determined for nutrients with a negative influence on
health i.e. saturated fat, trans fat, sodium and added sugar. These levels were
defined as at maximum 5% of the guideline for the relevant nutrients in 100g of
the food. The tolerance levels serve two aims, firstly to discourage the food industry
to add these nutrients to foods and secondly to allow traces of these nutrients in
specific foods.

Three examples of classifying foods

For bread, general criteria were applied to distinguish neutral foods from negative
foods. A food group specific criterion was derived for fiber: currently in the
Netherlands, bread consumption provides on average 1.8¢g fiber per 100kcal. The
limit for a positive classification was set approximately 30% higher than current
intake and thus at 2.4 g/100 kcal. Sodium levels in all breads were higher than the
general criterion; therefore a food group specific criterion was derived of at most
500 mg/100g for positive and neutral classification of breads and more than 500
mg/100 g for negative classified breads. Bread contains only traces of saturated and
trans fat and therefore tolerance levels were applied for these nutrients. It is possible
that a food would be positively categorized for one criterion and neutral or negative
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for another one. In that case the food would be classified based on the worst health
effect.

Energy was the main criterion for non-basic foods such as snacks. An overall
diet based on the daily recommended amounts of basic foods would add up to
approximately 1650 kcal and based on an average total energy intake of 2000 kcal
about 350 kcal per day are available in the Dutch dietary pattern for non- basic
foods consumed during three or four snacking occasions per day. Therefore a limit
of 110 kcal per serving was used to distinguish neutral from negative classified
snacks and less than 75 kcal per serving for positive classified snacks. Criteria for
saturated and trans fat were based on general criteria. Sodium and added sugar
criteria were based on food specific criteria.

The energy criterion for ready meals was derived from the average energy
content of meals reported in the third Dutch National Food Consumption Survey
(1998) [2], adding a margin of 25%. The limit for saturated fat and trans fat to
distinguish neutral from negative classified ready meals was derived from the
general criteria. The limit to distinguish positive from neutral ready meals was
based on a lower food specific criterion, enabling classifying composite meals in
the positive category. For sodium, food group specific criteria were used. General
criteria were used for fiber. For vegetables, the lower recommendation of the
Guidelines for a Healthy Diet of 150 gram was used. Supplemental table 1 lists the
criteria for all foods.
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CHAPTER 6

ABSTRACT

Background Little is known about dietary scores and mortality risk in cardiac
patients who are well treated with drugs, with attendant relatively low risk of
cardiovascular diseases.

Objective We assessed whether healthy eating lowers the risk of CVD and all-cause
mortality in cardiac patients.

Design We included 4307 patients from the Alpha Omega Trial aged 60-80 years
with a clinically diagnosed myocardial infarction and monitored mortality for 10
years. Diet was assessed at baseline (2002-2006) with a validated 203-item Food
Frequency Questionnaire. We created two dietary scores based on non-overlapping
sets of foods: “Dutch Healthy Nutrient and Food Score (DHNaFS)” and the “Dutch
Undesirable Nutrient and Food Score (DUNaFS)”. The associations of both dietary
scores with CVD and all-cause mortality were assessed using multivariable
adjusted Cox regression models.

Results Median time after myocardial infarction at baseline was 3.7 y (IQR:1.7-6.3).
During median 6.5 y follow-up (IQR: 5.3-7.6) 801 patients died, of whom 342 from
CVD. One patient was lost to follow up. A substantially higher average amount of
DHNaFS foods (*1750g/d) than DUNaFS foods (~ 650g/d) was consumed. Almost all
patients received drug-treatment: 86% used statins, 90% anti-hypertensive and
98% anti-thrombotic medication. Patients in the fifth quintile of the DHNaFS had
30% (Hazard Ratio (HR) 0.70; 95% Confidence interval (CI) 0.55,0.91) lower CVD and
32% (HR 0.68; 95%CI 0.47,0.99) lower all-cause mortality risk compared to patients
in the first quintile. The DUNaFS was unrelated to both CVD and all-cause
mortality.

Conclusions Beyond state-of-the-art drug treatment, healthy eating was associated
with lower risk of CVD and all-cause mortality in cardiac patients.
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INTRODUCTION

Diet is an important modifiable risk factor for cardiovascular diseases (CVD) and
all-cause mortality. Systematic reviews and a meta-analysis showed a lower risk of
CVD and all-cause mortality for healthy dietary scores in general populations [1,
2]. Secondary prevention studies on diet quality in relation to CVD mortality were
carried out mostly in study populations that were receiving limited state-of-the-
art CVD drug [3-7]. One study showed that a higher quality diet was associated
with a lower CVD mortality in patients taking secondary preventive drugs, but
used a short and limited food frequency questionnaire (FFQ) [8|. Information is
therefore needed about whether healthy eating can further lower the risk of CVD
and all-cause mortality in patients, beyond state-of-the-art drug treatment.

Previous prospective cohort studies used dietary scores such as the Mediterranean
Diet Score (MDS) [4, 5, 7] and the (modified) Alternative Healthy Eating Index (AHEI)
[6, 8] that are based on nutrients as well as a limited number of broadly-defined
food groups. Consequently, these scores do not reflect the overall dietary pattern
since they include mostly nutrient-dense foods but not snacks, ready meals, and
drinks such as tea and coffee. Dietary scores that are solely based on a broad set of
more narrowly defined food groups have the advantage that they are easier to
translate into dietary recommendations.

The objective of the present study was to assess the associations of two food-
based dietary scores with CVD and all-cause mortality in cardiac patients who
received state-of-the-art drug treatment. The classification of foods in each score
was based on 5 nutrient criteria. We hypothesized that a dietary score higher in
healthy nutrients and foods is associated with lower CVD and all-cause mortality
risk and a dietary score higher in undesirable nutrients and foods is associated
with a greater mortality risk in these patients.

METHODS

Patients and study design

The Alpha OmegaTrial, arandomized placebo-controlled double-blind intervention
study designed to investigate the effect of the omega-3 fatty acids on CVD incidence
has been described in detail previously [9, 10]. Patients were men and women aged
60-80 years with a verified clinically diagnosed MI up to 10 y before randomization.
Between 2002 and 2006, 4837 post-myocardial infarction patients were included
in the trial. All patients provided written informed consent. The trial was approved
by a central medical ethics committee (Haga Hospital, Leyenburg, The Hague, The
Netherlands) and by the ethics committee at each participating hospital.
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Patients who had missing dietary (n= 453) data or implausibly high or low energy
intake (<800 or >8000 kcal/day for men, <600 or >6000 kcal/day for women: n= 27)
were excluded. Physical activity was missing for 25 patients, smoking status for 1
patient and education level for 24 patients. Accounting for analysis-specific
exclusions due to missing data for covariates, we included 4307 patients in the
fully adjusted Cox proportional hazards models.

Dietary data

Dietary data were collected at baseline and at the final examination (after on
average 41 months) by a 203-item FFQ developed for the Alpha Omega Trial. The
FFQ was an extended and adapted version of a reproducible and biomarker
validated FFQ. The Pearson’s correlation coefficient of intake determined by the
FFQ and the dietary history was 0.83 for energy intake [11]. The (8 week) reproduc-
ibility was high for the food groups consumed daily such as bread, butter/
margarine with Spearman correlation coefficients up to 0.92 [12]. Patients were
asked to report the usual intake of foods consumed during the previous month;
questions on the frequency, amount, and type of foods, as well as preparation
methods were included. Trained dieticians checked the returned questionnaires
and obtained additional information on unclear or missing items by phone.
Quality assurance procedures included double entry of the FFQ data. Food
consumption data were converted into energy and nutrient intake by using the
2006 Dutch food composition database [13].

The 203 food items were collapsed into 24 food groups according to nutrient
and energy criteria derived from the Netherlands Food Based Dietary Guidelines
[14]. Classification criteria for each food were based on presumed positive, neutral
or negative effects on chronic diseases of five nutrients: four that likely increase
(saturated fatty acids, mono-trans unsaturated fatty acids, sodium, and added
sugar) and one that likely decreases (dietary fiber) the risk of chronic diseases, and
for some food groups energy. A few whole food groups were classified regardless of
nutrients and energy. Each food was classified on the most adverse interpretation
of any of the criteria. Details about the classification of foods and food groups are
reported in supplemental Table 1. We made a distinction between food groups
consisting of healthy nutrients and foods that contribute importantly to the
nutrient supply and are typical for the Dutch diet and food groups that are high in
undesirable nutrients and foods.

Dietary scores

To create two food-based dietary scores, food groups were categorized into quintiles
of consumption. The Dutch Healthy Nutrient and Food score (DHNaFS) included 11
nutrient-dense food groups; vegetables, fruit, whole grains, protein-rich plant
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foods (mostly legumes), potatoes, lean meat, fish, eggs, low-fat milk and yogurt,
oils and soft margarines, and non-caloric drinks.

The Dutch Undesirable Nutrient and Food score (DUNaFS) included 13 food
groups that were high in solid fats, sodium and/or added sugar; processed fruit,
high-fat meat, processed meat, full-fat milk, cheese, refined grains, butter and hard
margarines, soups, spreads, ready meals, savory snacks, sweet snacks and sugar
sweetened beverages.

The scores were calculated by summing the category scores (0-4) of the food
groups. Eggs had a large subset of non-consumers, therefore in this food group
non-consumers were coded 0 and consumers were split into quartiles with scores
from 1 to 4 to ensure variability across 5 levels of consumption. The theoretical
maximum for the DHNaFS was 44 and for the DUNaFS was 52. The correlation
between the two scores was 0.25.

Baseline mean(SD) was 22.4(6.1) for the DHNaFS and 25.8(7.0) for the DUNaFS
based on 4357 FFQs, after 41 months the mean (SD) was 22.3(6.2) for the DHNaFS
and 25.9(7.1) for the DUNaFS based on 2219 FFQs. Tracking correlations between
baseline scores and the scores after 41 months were 0.57 for the DHNaFS and 0.61
for the DUNaFS.

Ascertainment and classification of mortality

Vital status and causes of death were monitored through a computerized link with
municipal registries. The median follow-up was 6.5 year (IQR: 5.3-7.6) and only one
patient was lost to follow-up (censored after 2.9 years).

Information on the causes of death was obtained from the Dutch National
Mortality Registry (Statistics Netherlands [CBS]) from May 2002 through January
2012. Causes of death were coded according to the International Classification of
Diseases, 10th revision. Cardiovascular mortality included ischemic heart diseases
(codes: 120-125), cardiac arrest (146), sudden death undefined (R96), heart failure
(I50), and stroke (160-169) as primary or secondary causes of death.

The classifications of the causes of death by the Endpoint Adjudication
Committee (EAC) of the Alpha Omega Trial and CBS were compared for the first 41
months. Based on EAC classification there were 162 CVD events that occurred in
the first 41 months, post trial there were 180 CVD events based on less complete
information of the CBS. Cardiovascular mortality data showed that there was 80%
agreement between the two classifications when the primary and/or secondary
cause of death were used. In total we observed 801 deaths of which 342 were CVD
deaths. Of the CVD deaths, 265 (77%) had CVD coded as the primary cause of death.
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Other measurements

Information on risk factor measurements has been described in detail in previous
publications (9, 10). In summary, body weight and height were measured and body
mass index (BMI) was calculated as weight (kg)/ height2 (m). Systolic and diastolic
(1st and 5th Korotkoff sound, respectively) blood pressure were measured twice
with an automatic device, with the patient seated, after a 10-minute rest. Blood
lipids and glucose were analyzed by standard kits using an autoanalyzer (Hitachi
912, Roche Diagnostics, Basel, Switzerland).

Information on chronic disease history, smoking habits (never/former/current),
and educational level (low/moderate/high) was collected by a self-administered
questionnaire. Alcohol intake was derived from the FFQ data and categorized as 0
g/d, >0-10 g/d, >10-<20 g/d or >20 g/d alcohol. Physical activity was assessed by the
validated Physical Activity Scale for the Elderly (PASE) (15) and categorized as no
activity or only light activity (£ 3MET), >0 to <5 days/week moderate or vigorous
active (>3MET) or =5 days/week moderate or vigorous active (>3MET). Self-reported
medication of the patients was coded according to the Anatomical Therapeutic
Chemical Classification System (ATC). ATC codes were C02, C03, C07, C08, and C09
for blood pressure-lowering medication, C10AA for statins and B01 for anti-throm-
botic medication.

Statistical analysis

Although the Alpha Omega Trial has an experimental design the current analyses
were done as in observational prospective cohort studies (with adjustment for
intervention groups).

Unadjusted means of patient characteristics were calculated across quintiles
of both dietary scores. To investigate the association of the baseline DHNaFS and
DUNaFS with CVD and all-cause mortality we used Cox proportional hazard
models including both scores simultaneously in the model. Proportional hazards
assumptions were examined by a log-minus-log plot and the assumptions were
met. Survival time was defined as the period (in days) between assessment date at
baseline and date of death (CVD or all-cause) or end of follow-up (for participants
that survived). For the patient who was lost to follow up survival time was defined
as the period in days between baseline and last available update of CBS data for
that patient. We studied different levels of adjustment. A minimal model (model 1)
included sex and age (in years) and intervention groups (Placebo, EPA-DHA and
ALA, EPA-DHA, ALA). Model 2 was further adjusted for energy (energy (kcal)/
standard deviation), alcohol intake(0g/d, >0-10g/d, >10-<20 g/d, >20g/d), level of
education (low, moderate, high), physical activity (no activity or only light activity
(£ BMET), >0 to <5 days/week moderate or vigorous active (>3MET) or =5 days/week
moderate or vigorous active (>3MET)) and smoking status (never, former, current).
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Model 3 was additionally adjusted for BMI (kg/m2), systolic blood pressure (mm
Hg), total cholesterol/HDL (mmol/l) and prevalence of diabetes.
Sensitivity analysis included stratification models by sex (male vs. female), age
(<65vs. 265), BMI (<30 vs. 230 kg/m?2), physical activity (no or only light activity vs.
moderate to vigorous physical activity), alcohol (consumers; alcohol intake > 0 g/day
vs non-consumers; alcohol intake = 0g/day) and smoking (ever vs. never). For these
analyses the DHNaFS was dichotomized at the median.

Data were analyzed using used the PC version (9.3) of the Statistical Analysis
System (SAS, Cary, NC).

RESULTS

Dietary scores

The participants in this study consumed on average a substantially higher amount
of the foods in the DHNaFS (approximately 1750 g/d) than of the foods in the
DUNaFS (approximately 650 g/d) resulting in an overall ratio of 2.9.

The gram weight consumption of food groups generally increased across
quintiles of both scores with the exception of full-fat milk in the DHNaFS. The
medians (Q3) of the food groups in the DHNaFS and DUNaFS were similar but the
range of intake (Q5 vs. Q1) of the DHNaFS food groups was at least 2 times greater
across quintiles of the DHNaFS compared to the DUNaFS (Table 1). Across quintiles
of both scores the absolute intake of energy and nutrients increased, however the
macro-nutrients expressed relative to energy as energy-percentage decreased
across quintiles of the DHNaFS and increased across quintiles of the DUNaFS
(Table 2). There was a smaller range of intake (Q5-Q1) in saturated fat (5g vs. 14g),
sodium (762mg vs. 1090mg) and added sugar (31g vs. 67g), and a larger range of
intake of dietary fiber (12g vs. 7g) across quintiles of the DHNaFS compared to
quintiles of the DUNaFS.

Baseline characteristics were generally similar across the quintiles of the two
dietary scores (Table 2). Patients in the highest quintile of both scores were more
likely to be male and had a lower prevalence of diabetes. Blood pressure and serum
lipids did not differ across quintiles. Almost all patients received state-of-the-art
antithrombotic, antihypertensive, and statin therapy. Patients in the highest
quintile of both scores were more likely to be moderate to vigorously active, non-
smokers, higher educated and alcohol consumers. Differences for these lifestyle
variables were generally smaller across quintiles of the DUNaFS.
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Dietary scores, CVD and all-cause mortality

Cox proportional hazard ratios (HRs) for CVD and all-cause mortality across quintiles
of the DHNaFS and DUNaFS simultaneously modelled are presented in Table 3.
Ahigher DHNaFS was significantly associated with a lower all-cause mortality risk
(p-trend 0.0006). In the fully adjusted model, patients in the highest quintile of the
DHNaFS had 30% lower all-cause mortality risk compared to patients in the lowest
quintile. A higher DHNaFS was also significantly associated with a lower CVD
mortality risk. Patients in the highest quintile of the DHNaFS had 32% lower CVD
mortality risk compared to patients in the lowest quintile. The DUNaFS was not
associated with all-cause or CVD mortality.

In sensitivity analysis we stratified patients for gender, age, prevalent diabetes,
BMI, smoking, physical activity and alcohol consumption and no major differences
were observed between strata, except for alcohol which only showed an inverse
association in the consumers (supplemental table 2). In the adjusted model (model
3) the first alcohol category (>0-10g/d alcohol) compared to no alcohol consumption
(0 g/d alcohol) predicted lower all-cause mortality. Few individual food groups
(adjusted for the dietary scores minus that specific food group) were associated
with the outcomes. Whole grain modelled together with the DHNaFS (without
whole grain) and the DUNaFS predicted mortality, however the DHNaFS (without
whole grain) remained significantly associated (data not shown). Sandwich spreads
was also inversely associated with the outcomes but did not change associations
with the dietary scores (data not shown).
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DISCUSSION

Cardiac patients consumed 3 times more (by gram weight) of the foods in the DHNaFS
compared to foods high in solid fats, sodium and/or added sugar that were included
in the DUNaFS. The DHNaFS was associated with ca. 30% lower risk of all-cause and
CVD mortality, comparing the extreme score quintiles. The DUNaFS was not
associated with all-cause and CVD mortality.

Dietary quality scores solely based on food groups have the advantage that
they are easier to understand and implement compared to existing mixed food
group and nutrients scores such as AHEI or MDS. In addition, our nutrient-based
method of rating food groups mimics what a consumer would do if selecting foods
to eat based primarily on 5 nutrient criteria and energy content. Furthermore, our
DHNaFS and DUNaFS include all food groups that are part of the Dutch dietary
pattern. In contrast, in the MDS, for example, only a few, broadly defined,
nutrient-dense food groups are rated (e.g. total dairy and total meat), which are not
easily translated in to a healthy dietary pattern. Creating two dietary scores one
with nutrient rich foods and one with foods high in solid fats, sodium, and/or
added sugar allowed easy comparison of the value of higher intake of foods
considered by our criteria to be healthier versus lower intake of foods considered
not to be healthy.

As in the present study, the Nurses’ Health Study and the Health Professionals
Follow-Up Study observed a lower risk of all-cause mortality in patients with prior
CVD in the multivariable adjusted pooled HR in the highest quintile of the AHEI
and MDS (HR 0.76 (95%CI 0.60,0.96) and 0.81 (95%CI 0.72,0.91) respectively). Neither
score reached statistical significance for the association with CVD mortality in the
pooled analysis (HR 0.73 (95%CI 0.51,1.04) and 0.85 (95%CI 0.67,1.09) respectively).
Furthermore, after excluding the alcohol component from AHEI and MDS results
attenuated suggesting that moderate alcohol intake was an important health
contributor to both scores [6, 7]. This was confirmed by both Trichoupoulou et al.
and Hoevenaar et al. who showed that alcohol contributed most to the inverse
association of MDS with CVD and all-cause mortality [16, 17]. In our study, we
excluded alcohol from our scores and nevertheless found associations of the
DHNaFS score with CVD and all-cause mortality.

The food groups scored in the DUNaFS score were generally high in solid fats,
sodium and/or added sugar. Therefore we hypothesized an unfavorable effect on
health: however, this dietary score was not associated with mortality. Patients in
the highest quintiles of the DUNaFS also consumed a substantial amount of
DHNaFS foods; however, the ratio between DHNaFS and DUNaFS food groups was
greater for the highest quintiles of the DHNaFS compared to DUNaFS which may
partly explain the lack of association with mortality for the DUNaFS. Furthermore,
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some food groups may have been misclassified, for example we found that
sandwich fillings were inversely associated with the outcomes. This could relate to
healthful effects of peanut butter [18] or chocolate [19], but we could not clearly
isolate a reason for this finding.

Our study has limitations. The patients in the Alpha Omega Trial received
additional amounts of omega-3 fatty acids [10]. However, adjustment for intervention
groups did not change our results. Patients may have received dietary advice to
improve their diet after their first MI and could have made changes in their diet
during follow-up. The tracking correlation of the DHNaFS over 41 months indicate
that the score was tracked over time and was similar to the tracking correlations
of the a priori diet quality score observed in the population-based CARDIA study
over 7 and 20 years [20]. As our study population included only patients our results
are not generalizable to the general ‘healthy’ population. Although we accounted
for many possible confounders, as in every observational analysis, we cannot rule
out residual confounding.

Our study also has several strengths. We realized a complete mortality follow-up
of the vital status and causes of death of the patients. We used an extensive and
detailed FFQ which enabled us to define food groups objectively and systematically
using classification criteria for foods derived from the Netherlands’ Food-Based
Dietary Guidelines [14]. Also, we assessed the association of diet quality in a cohort
in which almost all patients received state-of-the-art antithrombotic, antihyper-
tensive, and statin therapy. Previous studies assessed diet quality in populations
that did not receive adequate statin-treatment [3-5], or were hetero-geneous for
statin treatment [6,7].

In conclusion, our results suggest that cardiac patients who consumed a nutrient
rich diet have lower all-cause and CVD mortality risk. Despite the fact that our patients
received state-of-the-art drug treatment, we observed an additional beneficial effect
on mortality of a high quality diet.
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CHAPTER 6

SUPPLEMENTAL MATERIAL

Classification of foods and food groups

The Netherlands Nutrition Centre developed criteria for classifying foods on their
effect on chronic diseases in the Netherlands Food Based Dietary Guidelines1. To
create and classify food groups from the FFQ, criteria (primarily the lowest
category to fit 5 nutrient and energy guidelines except for some whole food groups
that were classified regardless of their nutrient and energy contents) derived from
the Food Based Dietary Guidelines were used.

The main reasons for deviation from the classification criteria were:

- Lack of specificity of the FFQ e.g. all vegetables were combined in one food
group because the FFQ did not make a distinction between fresh or processed
vegetables.

- Low consumption of foods e.g. all cheeses were combined into one food group
instead of making a distinction between the fat content of different cheeses
because of very low consumption of low-fat cheese.

- Infrequently reported foods e.g. legumes and meat substitutes were combined
into 1 food group
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CHAPTER 7

ABSTRACT

Background and Aims The strength of the associations of dietary scores with
cardiovascular disease (CVD) and all-cause mortality in elderly vary considerably
between a priori scores. We assessed whether healthy eating lowers the risk of CVD
and all-cause mortality among elderly men.

Methods and Results The Zutphen Elderly Study (age 65-84 years) was divided into
men with (n=210) and without (n=616) cardiovascular-metabolic diseases at
baseline in 1985. Diet was assessed with the cross-check dietary history method.
We created the “Dutch Healthy Nutrient and Food Score” (DHNaFS) and the “Dutch
Undesirable Nutrient and Food Score” (DUNaFS). Associations of the scores with
CVD and all-cause mortality were assessed using multivariable Cox regression
models. Associations of scores with life years gained used general linear models.
During a median follow-up of 10.6 years (IQR 5.8-15.9) 806 participants died, of
whom 359 from CVD. Over all men, diet scores did not predict death. Among men
with cardiovascular-metabolic diseases, DHNaFS was associated with lower CVD
(HR:0.57; 95%CI: 0.35-0.93) and all-cause mortality risk (HR: 0.64; 95% CI: 0.44-0.94)
comparing highest vs. lowest score tertiles. Men with cardiovascular-metabolic
diseases in the highest vs. lowest tertile of the DHNaFS lived 2.5 year longer. The
DHNaFS was not associated with CVD and all-cause mortality in men without car-
diovascular-metabolic diseases. The DUNaFS was not associated with any of the
outcomes.

Conclusion A high quality diet was associated with a 40% lower mortality risk and

2.5 year longer life expectancy in elderly men with, but not without, cardiovascular-
metabolic diseases.
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INTRODUCTION

Several a priori dietary scores have been developed to assess diet quality based on
adherence to dietary patterns or recommendations [1, 2]. The strengths of association
between diet quality and cardiovascular disease (CVD) and all-cause mortality in
the elderly vary considerably between a priori scores [3]. Studies that compared
multiple dietary scores suggest that food-based dietary scores are better predictors of
mortality than scores based predominantly on nutrient intakes [4-6]. Furthermore,
food-based a priori scores have the advantage that they are easier to translate into
diet recommendations. Existing scores have some disadvantages. First, a limited
selection of food groups is included, second, food groups are generally broadly defined
and third, many scores include both food and nutrient-based scoring components.

Studies in populations free from cardiovascular-metabolic diseases at baseline
reported lower risk of CVD and all-cause mortality with higher dietary scores
indicating a healthier diet [4, 5, 7]. Several studies did not adjust for prevalent
diseases in elderly people [6, 8-10]. The association of dietary scores with mortality
in populations with cardiovascular-metabolic diseases at baseline have only been
investigated in men and women aged 60 to 70 [11-14] and in a small population
aged 70+ [15].

We hypothesized that a nutrientrich dietary score is associated with lower CVD
and all-cause mortality risk. Because the prevalence of cardiovascular-metabolic
diseases increases with age and may be associated with dietary modifications, we
stratified our sample into men with and without cardiovascular-metabolic diseases
at baseline. In 2010, 98% of the Zutphen Elderly cohort had died, providing a unique
opportunity both to study the predictive value of a nutrient-rich dietary score for
CVD and all-cause mortality risk and for life years gained.

METHODS

Study population
The prospective Zutphen Elderly Study started in 1985, collecting information on
risk factors for CVD and health in elderly men. At baseline, 555 survivors of the
initial Zutphen Study [16] were invited and re-examined in 1985. Additionally, a
random sample was selected of all men of the same birth cohort (age 65-84, living
at least five years in Zutphen), who were not part of the original cohort. In total
1266 men were invited of whom 939 participated (74%).

Men with missing dietary data in 1985 and 1990 (n=41) or cancer at baseline
(n=76) were excluded from the analysis, resulting in 826 men available for analysis.
Two groups were derived, a diseased population (n=210) of men with prevalent
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cardiovascular-metabolic diseases at baseline: myocardial infarction (n=97) or
stroke (n=26) or diabetes mellitus (n=66) or any combination (n=21), and a healthy
population (n=616) of men without any of these prevalent diseases at baseline. The
study was conducted according to the guidelines of the Declaration of Helsinki
and was approved by the Medical Ethics Committee of the University of Leiden, the
Netherlands in 1985 and 1990. Written informed consent was obtained from all
participants.

Dietary data

Information on usual dietary intake of the last month was collected by trained
dieticians, applying the cross-check dietary history method, adapted to the usual
Dutch diet [17]. Each participant, if possible in the presence of his wife, was
interviewed about his usual food consumption during weekdays and weekends.
Based on this daily pattern, average food consumption during a day or week was
estimated (first check) and the quantity of foods bought per week (second check)
was used to verify the participants’ food consumption. Daily intake of energy,
nutrients and alcohol was calculated using an updated Dutch Food Composition
Table close to the year of measurement [18]. The reproducibility of the dietary
history method was tested three months and twelve months after the start of the
Zutphen Study. Reproducibility of major food groups was assessed with the highest
Spearman correlation coefficients for bread (0.83), and milk products (0.72) and
the lowest for meat (0.49) and vegetables (0.49) [17].

The 782 food items were collapsed into 22 food groups according to criteria
derived from the Netherlands Food Based Dietary Guidelines. Details about the
classification of foods and food groups are summarized in supplemental Table 1.
We made a distinction between food groups consisting of nutrient-rich foods that
contribute importantly to the nutrient supply and food groups that are high in
solid fats, sodium and/or added sugar.

Dietary scores

We created 2 food-based dietary scores. The Dutch Healthy Nutrient and Food
Score (DHNaFS) included 11 nutrient-dense food groups; vegetables, fruit, whole
grains, protein-rich plant foods (mostly legumes), potatoes, lean meat, fish, eggs,
low-fat milk and yoghurt, vegetable oils and soft margarines, and non-caloric
drinks (tea, coffee, water). The Dutch Undesirable Nutrient and Food Score
(DUNaFS) included 11 food groups that were high in solid fats, sodium and/or
added sugar; processed vegetables, fruit juice and sugar sweetened beverages,
high-fat meat, processed meat, full-fat milk, cheese, refined grains, butter and
hard margarines, ready meals and soups, spreads and snacks.
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All food groups were categorized into tertiles of consumption. Subsequently,
the two dietary scores were calculated by summing the tertile scores (0, 1 or 2) of
the food groups included in the score. The theoretical maximum for both scores
was 22. Finally, both food-based dietary scores were categorized into tertiles. The
correlation between the two dietary scores was -0.05. Tracking correlations
between baseline scores and the scores after 5 years were 0.51 for the DHNaFS and
0.46 for the DUNaFS in the healthy men and 0.64 for the DHNaFS and 0.38 for the
DUNaFS in the cardiovascular-metabolic diseased men.

Ascertainment and classification of mortality

Participants were followed until death or censored in 2010 (July 1). Vital status was
obtained from municipal registries. The median follow-up was 10.7 (IQR 5.9-15.9)
and only 2 men were lost to follow-up and censored after their last physical
examination. Information on the causes of death was obtained from Statistics
Netherlands and was verified by the general practitioners of the participants and
hospital discharge data and data of the Dutch cancer registry. Coding of the causes
of death followed the International Classification of Diseases, ninth revision
(ICD-9) [19]. With codes 390-459 plus 798.2 (sudden death) referring to CVD. The
first cause of death was included in the analysis.

Other measurements

Data on socioeconomic status (low/moderate/high), physical activity (0/1-150/ >150
minutes at 24 MET per week) [20], smoking status (never/former/current), and
medication use were collected by questionnaire. Medication use was coded
according to the Anatomical Therapeutic Chemical Classification System (ATC).
Alcohol intake (0/<20/220 g/d) was derived from the dietary history. Height and
body weight were measured according to standardized procedures. BMI was
calculated as weight (kg) divided by height squared (m2). Blood pressure was
measured twice at the right arm with the men in supine position, using a random
zero sphygmomanometer. Mean value of the measurements were calculated.
Non-fasting venous blood samples were taken to determine total and high-density
lipoprotein (HDL) cholesterol levels using standard validated methods [21-23].
Questionnaires were used to obtain information about the physicians’ conclusions
on history of myocardial infarction, stroke, diabetes mellitus and cancer.

Statistical analysis

Statistical analyses were conducted using the PC version of Statistical Analysis
System (version 9.3) SAS Institute, Cary, NC, USA. Baseline characteristics across
tertiles of the dietary scores were calculated using simple descriptive statistics.
Cox’s proportional hazard regression models were used to investigate the association
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of the dietary scores with CVD and all-cause mortality. Proportional hazards
assumptions were examined by a log-minus-log plot and the assumptions were
met. Different levels of adjustment were studied. A minimum model (model 1)
included age (continuous) and energy intake per standard deviation (continuous).
This model was further adjusted for smoking (never, former, current), physical
activity (no, 1-150 min/week, >150 min/week), SES (low, medium, high), and alcohol
intake (0, <20, 220 g/d) (model 2). To the final model (model 3), medication (anti-
thrombotics, anti-diabetics and anti-hypertensives) were added. Sensitivity analysis
included BM]I, cholesterol levels and blood pressure in the model.

General linear models with the same adjustment levels were used to assess the
association of life years gained (modeled as the difference between age at baseline
and age at death) with both dietary scores. For this analysis we excluded men that
were alive in 2010 (n=2 in men with and n=33 in men without cardiovascular-
metabolic diseases) and the 2 men that were lost to follow-up.

RESULTS

Dutch Healthy Nutrient and Food Score

Overall, the participants in this study consumed a substantially higher amount
of DHNaFS food groups (approximately 1700 g/d) than DUNaFS food groups
(approximately 600 g/d) resulting in an overall ratio of 2.9. This ratio was similar
in healthy and diseased men in the first tertile of the DHNaFS, but increased more
across tertiles in the diseased men (2.4 to 4.2) than in the healthy men (2.1 to 3.7).
The diseased men consumed approximately 75 g/d more of the DHNaFS food
groups and 60 g/d less of the DUNaFS food groups compared to the healthy men
(Table 1). Total median intake of food groups in grams across tertiles of the DUNaFS
can be found in the supplemental table 2.

Baseline characteristics
Healthy and diseased men in the highest tertile of the DHNaFS were more likely to
be younger, had a higher energy intake, consumed more fiber and sodium compared
to the lowest tertile (Table 2). Added sugar intake was lower across tertiles in the
diseased men (47.5 g/d to 50.4 g/d) compared to healthy men (67.4 g/d to 60.8 g/d)
Healthy men in the highest tertile of the DHNaFS were more physically active
and consumed more alcohol. There were no differences across tertiles of the
DHNaFS for physical activity and alcohol consumption in the diseased men. None
of BMI, blood pressure, cholesterol, smoking, SES, saturated fat and trans fat intake
and medication use differed across DHNaFS in either healthy or diseased men.

152



HEALTHY EATING AND SURVIVAL

S0'0> SABNHA Y3 JO S9[1.19) ssoIde puatl-dy
9I00S POO PUE JUILIINN I[QBIISIPU[) Y2IN( STENN( ‘I0D§ POO,] PUE JUILIINN AYI[EIH YN SIENHA

(1£-0) 81 (12-0) 81 (z2-0) 81 (1£-0) 81 (1£-0) %2 (1£-0) €T s[eawt Apeay
(1z-0) 01 (£1-1) 01 (s1-0) 5 (0z-0) 8 (0z-0) 01 (0z-0) speaids
(¥L-61) T (65-S1) 1% (#g-91) 0€ (€4-L7) 6% (e£+7) 9% (89-12) T SBIIXH
(8e-z1) 7T (ss-61) 9¢ (6%-z7) g's€ (Ps-81) T€ (LS-TT) L€ (95%7) SOULIESIRW pIey pue I9)Ing
(#5-07) € (£¥-91) 9T (S¥-11) 5°€T (L¥-81) 1€ (2¥-s1) LT (Le-S11) 12T 3s99YD
(z6T#1) 89 (697+7) ¥T1 (€97-8%) 691 (zeT¥2) S8 (eLz-€€) €T (1ee-8%) €1 1angoA pue Y[ruwt 1eJ-[[ng
(0%-9) sz (9e-11) 0T (eg-01) 61 (#¥¥1) 62 (T¥-11) 92 (0%-01) €2 JBIW PIssaD0I]
(69¥€) ¥S (14-67) 18 (¢L¥e) gTs (£-9€) 1S (eL-€€) T8 (2L¥€) ¥S Jeauw 1eJ-YSIH
(89-L1) 1% (£8-91) €% (ST1-91) S'9% (89-61) € (98-21) 0% (011-22) 19 SUreIs pauyay
$93BI2A9q
(12-0 1 (¢L-0) 1T (#01-0) 12 (s8-1) 92 (88-2) 6T (001-0) T PaUua1aaMms Ie3Ns pue adIN( Mg
(81-0) ¥ (61-0) 9 (Lz-0)S11 (81-0) 8 (0z-0) £ (0z-0) 6 SI[qBIIS3A PIssaL0I]
(Aep/3) sdnoid pooy STENNA
(86€-€€) 20T (122-0) 1L (¥81-0) 0T (ove-#1) 61 (6¥2-0) 78 (011-0) 0 1INYS04 pUe IUI 18] MOT
(0S71-852) 9701 (0S0T-07Z) $98  (£06-89S) 869  (0911-884) €46  (1901-859) €8  (£76-0SS) 9bZ  (99JJ0d ‘B9) “IdjeM) SYULIP JLIO[ED-UON
(ze-€) 1T (61-0) T (11-0) 0 (#2-0) ¥1 (0z-0) 1 (#0) 0 SOULIESIRUI }JOS PUE S[IO
(67-7) ST (8z¥%) st (L1-0) SF (se-6) 1T (€z-0) €1 (81-0) 9 ysty
(zzz1) 1T (€z-6) ¥1 (91-2) 11 (LZ¥1) 0T (€z-2) 91 (0z%) 11 334
(9g-cT) 9¢ (zs-81) 1€ (ze-11) 91 (ze-L1) T€ (¢¥-6) ¥ (ze-0) st 19U UBIT
(T21) T (Te-9) 91 (¥z-0) s'1L (9¢-01) 2T (0e-2) 61 (¥2-0) 01 spooj 1ued yoLI u30Ig
(0zz-6€1) ¥91 (00Z-96) 091 (0S1+#8) SLIT (zsz+€1) 981 (z€Z-911) 091 (081-16) 621 $901B104
(0£1-001) S€1 (0¥1-0L) 66 (#01-9) 19 (zL1-88) T (0¥1-1%) 96 (901-6) 09 SUTBLS S[OYM
(PLT-€¥1) TTT (50Z-88) 821 (8£1-6€) S'FOL (892-021) ¥L1 (21z-0L) €€1 (,s1-€€) TOT s3I
(T0Z-L¥1) ¥L1 (z91-€6) 0TI (gs1-88) g'sTr (L1T¥¥1) 941 (#81-601) €F1 (€51-06) 81T SO[qIOZIA
(Aep/3) sdnoi8 pooj STeNHA
18 19 89 181 6T 961
€ 4 1 € 4 T 9L
SIeNHAd SIeNHAd
UDUWI PISEISIP DI[OQBIIW-IR[NISBAOIPIR) uawr AYIreay

1Apnis uaydinyz a3 Jo syuedmdnred paseasip
017 Pue AUYITEaY 919 JO 9I0DS POO] PUE JUILIINN AYI[EIH UdIN ) JO SN SS0I1de sdnoil pooj Jo (YOI) afeiur uerpsy I HTIVL

153



CHAPTER 7

(82) €0g (92)6'€T (Lg)s61 (9) 6T (6') 6'%¢ (99) €02 3 ‘19qy Are3arq
(6'S9%) 1°10€T (9'818) €€1C (8'96€) 78881  (S'T6¥) THEVT  (€£°66%) L'S8TT (8'118) T'STIT (p/1eoyy) 812Uy
(9%9) 15 (L19) 1€ (09) €€ (e21) 1€ (6'91) 6€ (6'91) € 191p PaqLIdSaId
(6€1) 11 (s7) st (e22) 81 (z0g) ¥ (Lv2) LS (6%2) L¥ Kep[3 0tz
(#¥9) ev (o%) ¥¢ (6'L8) ST (8'09) 16 (298) 1€1 (#ev) 28 Lep[s oz>
(£1€) sz (se) 12 (6%€) €T (61) %€ (9781) €F (8'1€) 09 Kep[3 0
ﬁOﬁ&ESwEOU 104021V
#1106 (ce)c (6)9 (z'11) 0T (e'21) 8¢ (8) st YSIH
(8'59) T8 (6'€9) 6€ (€'6¥) €€ (ge9) €11 (e'89) €€t ('89) 8T1 wnipsy
(82T) 81 (8'z€) 0t (8'1%) 8T (e62) g% (#'62) L9 (67€2) s¥ MOT
SHS
(8'zz) 8L (€'62) L1 (L'67) 61 (9°82) 0S (6'62) L9 (T'9¢) 59 JuaLIN)
(7'%S) eF (geg) 1 (7'8%) 1€ (9zs) 26 (8'18) 911 (9°sp) z8 IaurIog
(8'22) 81 (zz1) 01 (6'12) %1 (6'81) €€ (€'81) (e'81) €€ I2AN
gunjowrg
(s12) L1 (€12 €L (9°02) ¥1 (7€) 19 (822) %9 (£'07) 68 LA ¥ 2 18 Yoam/ur 0ST<
(6eD) 11 (8'6) 9 (#2)s (zeT) s (1'92) 09 (r'81) ¥€ LA ¥  J& Yaam[urur OG1-1
(9%9) 15 (6'89) ¥ (res) 6% (5'9€) 59 (T'9%) 901 (z19) s11 ON
A1an10® TRDISAYJ
(o rt (€cort (€cort (eoct (o)1t (o)1t [0133s310Yd TAH
(r1)z9 (119 (91) 79 (G905 (1) 9 (r1) 19 [0I93S9[0D [EJOL,
gIoy/fowra sprdi] WnIas
(z1) €768 (e11) £€8 (8'01) 6'S8 (8'11) 798 (T11) L7868 (T'11) 6'%8 amssaxd poorq dr[o)serq
(€'%2) 9151 (€'€2) L6V (£L1) 8'1ST (¢'12) L'0ST (s'ze) €'0stT (#'81) £'0S1T a1nssaxd poorq d1[03sAS
(ze) 9sT (67) T'st (Te) Tt (7€) 6'st (97) ¥'st (€l Lse INd
() T1s (s'g) L7€L (e'g) Tes (6'%) 60 (Tg) 1L (#s)sL s1eak Ul 6861 Ul 93y
I8 19 89 181 6€C 961 N
€ T T € 4 I SNIAL,
SIENHA SIENHA

pUDUL PISEISIP DI[0QBIDW-TR[NISEAOIPIED)

suRW AYIeay

z1Apnis uaydinyg ay3 jo syuedmonired
PaseasIp 01Z PUE AYI[BSY 919 JO 9100S POO] pue JUSLIINN AYI[EdH YdIN( Y3 JO SIIII9] SSOIDB SOTISLISIDBIRYD dUI[Isey 7 HTIVL

154



HEALTHY EATING AND SURVIVAL

'98G70°0 Aq 9pIAIp ‘T931[19p I9d SWIBISI[[IU O} [0I9ISI[OYD I0J SINTBA I} JIPAUOD O ¢

IeSns pappe ‘WNIPOs ‘SPIDE A)18] sueI) ‘19qy A1e3a1p ‘(p/[edY) A319UD 98® 10 GO’ 0> 9100S POO] PUE JUSLIINN AUI[ESIH UdINJ ) JO SI[1.I9] SSOIDE puall-ds,

IeSns pappe ‘WNIpos I1aqy

Kxeya1p ‘(p/redy) AS1ous ‘uondwinsuod [oyodre ‘Aanoe [edrsAyd ‘[0193s9[0yd TH ‘98e 10J G0"0> 91005 POO] PUE JUSLIINN AUI[ESH YIIN( 9Y) JO SI[1119) SSOIdE puail-dg
$91028 AIB]DIP JO S[IAI G [[B SSOIDE SI[QRLIBA [BILIOSI) D I0]

Pasn dIom §3$33 aIeNDS-1Y) "9[qRLIEA JUIPUIAIPUT SNONUTIUOD SEB $II0JS ATRIDTP YITM UOISSIISIT TRIUT] [BIOUIS U0 PISE] I9M SI[QBLIEA SNONUIIUOD JO PUI} I0J SISz
SI[QBLIBA [BDLIOS3)ED 10 (%) U 10 SI[QELIEA SNONUIIUOD I0J ((JS) UBIW S pajuasald oIk sanjep;

9102 pooy pue JuaLnnN AyI[esH ysIng SIENHA

(ez1) 01 (99)% (e'01) £ 2A0QE 9} JO UOLIRUIqUIOD AUY
(zLa) Tz (#¥ve) 12 (8'€€) €T STI[[OW $912qRI(
(gz1) 01 (z8)s (z91) 11 ayons
(T'8¥) 6€ (8'09) 1€ (L'6€) LT UOTIDIRJUT [RIPIRDOAIN
SOSEBISIP JUI[BAI]
(s'o¥) ze (#'1%) ¥T (F¥e) CT (9°02) 9¢ (6'91) 8¢ (r'91) 62 s3nIp aarsustdAynuy
(61) ST (61) 11 (€9) ¥ (0o (0o (0)o SSILIp d1dqRIpHIUY
(sT)c (1t (0)o (901 #o 1 (901 s3n1p Surromor prdrg
(9°92) 12 (61) 11 (7€) st (69) 1 (eg) et (g€)9 s1uaSe dnoquUIOIYINUY
UTOTIBDIPIN
(L'6€) %08 (eTh) €Ly (6'1€) SL¥ (z'9€) 8°09 (8€) 9%9 (8°0%) #'L9 8 resns pappy
(9118) ¥'14LT (€'66S) ¥'L1¥C (£99) ¥'s11T (6'289) €¥LT (6's¥9) 1°LSPC (z'989) €°€1CT Sw ‘wnipog
(£'s)ot (ss)s6 (T¥) €8 (o) zir (s9) 11 (9g)sor 8 ‘proe £f11ey suery,

(9°€1) ¥'8¢ (91) g'T¥ (€'11) 9'8€ (st) ¥v¥ (9%1) % (st) Lzw 8 Jey pareInIeS

155



CHAPTER 7

Dietary scores and CVD mortality

In the total sample we observed 789 deaths of which 354 were from CVD. In the
total sample the DHNaFS was not significantly associated with CVD and all-cause
mortality. Because there was significant interaction between healthy and diseased
men with the DHNaFS (p-value 0.02 and 0.05 in the fully adjusted models for CVD
and all-cause mortality respectively) we further stratified all analysis.

We observed 225 CVD deaths in the healthy men and 129 in the diseased men.
The absolute risk of CVD mortality was 2 to 3 times lower in healthy than in
diseased men and relatively stable across tertiles of the DHNaFS in healthy men
but decreased across tertiles of the DHNaFS in the diseased men (Table 3). The
DHNaFS was not associated with CVD mortality in the total sample and the healthy
men. Diseased men in the highest tertile of the DHNaFS had 43% (HR 0.57; CI

TABLE 3 Multivariable adjusted HRs (95% CI) for CVD mortality across tertiles of
the Dutch Healthy Nutrient and Food Score

T1 T2 T3 P-trend
Healthy men
DHNaFS (median IQR) 8(79) 11 (10-12) 14 (13-15)
N 196 239 181
Person-years 2281 2891 2345
No. of cases 68 90 67
AR per 1000 py 29.8 311 28.6
Model 1 1 1.07 (0.78-1.47)  1.03 (0.73-1.47) 0.48
Model 2 1 1.09 (0.77-1.53)  1.06 (0.74-1.54) 0.38
Model 3 1 1.06 (0.76-1.49)  0.99 (0.68-1.44) 0.53
Cardiovascular-metabolic
diseased men
DHNaFs (median IQR) 8(7-9) 11 (10-12) 14 (13-15)
N 68 61 81
Person-years 473 562 775
No. of cases 46 39 44
AR per 100 py 97.2 69.4 56.8
Model 1 1 0.61 (0.40-0.95)  0.63 (0.40-0.99) 0.03
Model 2 1 0.63 (0.40-1.01)  0.69 (0.43-1.10) 0.11
Model 3 1 0.54 (0.33-0.88)  0.57 (0.34-0.93) 0.02

HR hazard ratio, CI confidence interval, DHNaFS Dutch Healthy Nutrient and Food Score, AR absolute risk
model 1 adjusted for age and energy (kcal)/SD

model 2 additionally adjusted for alcohol intake (0, <20, 220 g/d), SES (low, moderate, high), physical
activity (0/1-150/>150 minutes at = 4 MET per week) and smoking status (never, former, current)

model 3 additionally adjusted for medication (antithrombotic agents, anti-diabetic drugs, anti-hypertensive
drugs)

156



HEALTHY EATING AND SURVIVAL

0.34-0.93) lower CVD mortality risk compared to patients in the lowest tertile.
Further adjustment for BMI, blood pressure and cholesterol did not change the
results (data not shown).The DUNaFS was not associated with CVD mortality risk
(supplemental table 4).

Dietary scores and all-cause mortality

From the 616 healthy men 583 died and from the 210 diseased men 208 died. The
absolute risk for all-cause mortality was 1.7 times lower in healthy than in diseased
men in the first tertile and 1.4 times lower in the second and third tertile. The
absolute risk decreased across tertiles of the DHNaFS in the total sample, was
relatively stable across tertiles of the DHNaFS in healthy men but decreased across
tertiles of the DHNaFS in the diseased men (Table 4). In the fully adjusted model,

TABLE 4 Multivariable adjusted HRs (95% CI) for All-Cause mortality across tertiles
of the Dutch Healthy Nutrient and Food Score

T1 T2 T3 P-trend
Healthy men
DHNaFS (median IQR) 8(7-9) 11 (10-12) 14 (1315)
N 196 239 181
Person-years 2281 2891 2345
No. of cases 187 227 168
AR per 1000 py 82.0 78.5 71.6
Model 1 1 0.96 (0.78-1.16)  0.89 (0.72-1.11) 0.50
Model 2 1 1.06 (0.85-1.31)  1.02(0.81-1.28) 0.63
Model 3 1 1.04 (0.84-1.29)  0.97 (0.76-1.23) 0.82
Cardiovascular-metabolic
diseased men
DHNaFs (median IQR) 8(79) 11 (10-12) 14 (13-15)
N 68 61 81
Person-years 473 562 775
No. of cases 46 39 44
AR per 1000 py 143.8 108.5 100.6
Model 1 1 0.64 (0.45-0.91) 0.73(0.51-1.05) 0.15
Model 2 1 0.67 (0.45-0.97) 0.79 (0.54-1.15) 0.47
Model 3 1 0.58 (0.39-0.86) 0.67 (0.45-0.99) 0.11

HR hazard ratio, CI confidence interval, DHNaFS Dutch Healthy Nutrient and Food Score, AR absolute risk
model 1 adjusted for age and energy (kcal)/SD

model 2 additionally adjusted for alcohol intake (0, <20, 220 g/d), SES (low, moderate, high), physical
activity (0/1-150/>150 minutes at = 4 MET per week) and smoking status (never, former, current)

model 3 additionally adjusted for medication (antithrombotic agents, anti-diabetic drugs, anti-hypertensive
drugs)
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diseased men in the highest tertile of the DHNaFS had 33% (HR 0.67; C10.45-0.99)
lower all-cause mortality risk compared to diseased men in the lowest tertile. The
DUNaFS was not associated with all-cause mortality risk (supplemental table 5).

Dietary scores and life years gained

Age at baseline did not differ much between healthy and diseased men. After
adjustment for lifestyle factors diseased men in the highest tertiles of the DHNaFS
lived more than 2.5 years longer compared to diseased men in the lowest tertile. In
the healthy men there was no difference in life years gained across tertiles. The
DUNaFS was not associated with life years gained (data not shown).

DISCUSSION

We assessed two food-based dietary scores in an elderly sample of men with and
without cardiovascular-metabolic diseases. The DHNaFS was associated with
approximately 40% lower CVD and all-cause mortality risk comparing the extreme
score tertiles of cardiovascular-metabolic diseased men but not in healthy men.
Diseased men in the top two tertiles of the DHNaFS lived 2.5 year longer compared
to those in the lowest tertile. The DUNaFS was not associated with CVD and
all-cause mortality.

Our results of the DHNaFS in the men with cardiovascular-metabolic diseases
are consistent with those of the cardiac patients the HALE project [15]. In that study
a higher MDS-score was associated with lower all-cause mortality risk in cardiac
patients [15]. In the Health Professionals Follow-up study the Mediterranean Diet
Score (MDS) was associated with lower all-cause and CVD mortality risk in men
with a previous CVD event [11]. However, that study showed that the associations
of the MDS score with mortality attenuated after removal of the alcohol component
from the score [11]. In the present study there was no alcohol component included
in the dietary scores, instead we adjusted for alcohol consumption.

Several studies reported significant inverse associations of dietary scores with
CVD and all-cause mortality in elderly men free from cardiovascular-metabolic
diseases [4, 5, 7]. Our results in healthy men are in line with those of Hamer et al.
on a Mediterranean-style dietary pattern [10] and Streppel et al. on the NRF9.3
score who observed no association with all-cause mortality in healthy men [24].
One explanation for the different associations in men with and without cardiovas-
cular-metabolic diseases could be that only 17% of the healthy men were on a
prescribed diet compared to more than 54% of the diseased men. The diet quality
of the diseased men likely improved because of the dietary advice and showed a
stronger contrast in dietary fiber and sodium intake compared to the healthy men.
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This could be an explanation for the association observed in the diseased men and
the absence of an association in healthy men. The dietary advice in the diseased
men may be reflected in the lower intake of added sugar in this group.

The food groups scored in the DUNaFS were generally high in solid fats,
sodium and/or added sugar and therefore we hypothesized an unfavorable effect
on health, however, we did not find associations of this dietary score with mortality.
A reason for this null-finding could be that two dietary scores are not mutually
exclusive. The men consumed on average 2000-2500 grams across tertiles of the
DUNaFS, of which approximately 1700 gram was derived from the DHNaFS food
groups. This suggests that even though men score high on the DUNaFS they can
still have areasonable healthy overall dietand could be areason for the null-findings
with the DUNaFS.

The dietary scores were relatively stable characteristics with good 5-year
tracking correlations, although we observed stronger correlation coefficients for
the DHNaFS than for the DUNaFS. Both dietary scores do not take into account
secular trends such as dietary modifications by the food-industry. We showed
previously that between 1985 to 1995 trans fatty acid intake decreased in the
Zutphen elderly [25]. This suggests that although the participants kept a similar
dietary pattern over the years the nutritional composition improved. More specifically
this affected food groups (i.e. snacks and butter and margarines) included in the
DUNaFS. This could be another explanation for the lack of association of this
dietary score and mortality.

Our study has limitations. Our sample size was relatively small, especially the
diseased men. Our study sample comprised elderly Dutch men and therefore
might not be generalizable to younger populations and women. Although we
accounted for several possible confounding variables residual confounding cannot
be ruled out. Our study has several strengths. Diet was assessed with the cross
check dietary history method, which provides detailed information regarding the
types of food and beverages consumed, which enabled us to define food groups
objectively and systematically using classification criteria for foods derived from
the Netherlands’ Food-Based Dietary Guidelines [26]. Follow up was long and
almost complete resulting in a large number of person years and only 2 persons
were lost to follow up. Because our population was almost followed until extinction
we had a unique opportunity to assess life years gained. To the best of our
knowledge no previous study assessed the amount of life years gained with healthy
eating.

In conclusion, our results suggest that a high quality diet is associated with
40% lower mortality risk and longer life expectancy in elderly men with cardiovas-
cular-metabolic diseases, but not in elderly men without these diseases. These
results need replication in other and larger studies. Also, research on the impact
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of diet in elderly is needed to make more accurate food-based recommendations
and should take into account not only life expectancy but also quality of life.
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HEALTHY EATING AND SURVIVAL

SUPPLEMENTAL TABLE 4 Multivariable adjusted HRs for CVD Mortality across
tertiles of the Dutch Undesirable Nutrient and Food Score

T1 T3 P-trend
Healthy men
DUNa¥Fs median (IQR) 8(7-9) 14 (13-16)
N 197 193
Person-years 2309.6 2342.1
No. of cases 72 69
AR per 1000 py 3.1 2.9
Model 1 1 0.90 (0.65-1.25)  0.91 (0.62-1.32) 0.6782
Model 2 1 0.91(0.65-1.28) 0.94 (0.63-1.40)  0.7485
Model 3 1 0.89 (0.64-1.26)  0.91 (0.61-1.35) 0.5692
Cardiovascular-metabolic diseased
men
DUNaFS median (IQR) 8 (6-9) 14 (13-16)
N 85 50
Person-years 699.4 502.5
No. of cases 51 32
AR per 100 py 7.3 6.4
Model 1 1 1.13(0.73-1.74)  0.98 (0.581.67)  0.8202
Model 2 1 1.16 (0.72-1.84)  1.03 (0.59-1.79) 0.9833
Model 3 1 1.11 (0.69-1.80)  1.06 (0.60-1.87) 0.7708

HR hazard ratio, AR

absolute risk

model 1 adjusted for age and energy (kcal)/SD
model 2 additionally adjusted for alcohol intake (0, <20, 220 g/d), SES (low, moderate, high), physical
activity (0/1-150/>150 minutes at = 4 MET per week) and smoking status (never, former, current)

model 3 additionally adjusted for medication (antithrombotic agents, anti-diabetic drugs, anti-hypertensive

drugs)
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SUPPLEMENTAL TABLE 5 Multivariable adjusted HRs for All-Cause Mortality

across tertiles of the Dutch Undesirable Nutrient and Food Score

T1 T2 T3 P-trend
Healthy men
DUNaFs median (IQR) 8(7-9) 11 (10-12) 14 (13-16)
N 197 226 193
Person-years 2309.6 2864.4 23421
No. of cases 191 208 183
AR per 100 py 8.3 7.3 7.8
Model 1 1 0.82 (0.67-1.00) 0.86 (0.68-1.09) 0.2632
Model 2 1 0.80 (0.65-0.99) 0.86 (0.67-1.10) 0.1629
Model 3 1 0.81 (0.65-1.00) 0.86 (0.67-1.10) 0.1588
Cardiovascular-metabolic diseased
men
DUNaFs median (IQR) 8(69) 11 (10-12) 14 (13-16)
N 85 75 50
Person-years 699.4 607.8 502.5
No. of cases 84 74 49
AR per 100 py 12.0 12.2 9.8
Model 1 1 1.05 (0.75-1.46)  0.80(0.52-1.22) 0.3333
Model 2 1 0.99 (0.68-1.42) 0.75(0.48-1.19) 0.3273
Model 3 1 0.98 (0.67-1.42) 0.79 (0.50-1.24) 0.5258

HR hazard ratio, AR absolute risk
model 1 adjusted for age and energy (kcal)/SD

model 2 additionally adjusted for alcohol intake (0, <20, 220 g/d), SES (low, moderate, high), physical

activity (0/1-150/>150 minutes at = 4 MET per week) and smoking status (never, former, current)

model 3 additionally adjusted for medication (antithrombotic agents, anti-diabetic drugs, anti-hypertensive

drugs)
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GENERAL DISCUSSION

The aim of this thesis was to create, examine and compare several dietary patterns
and scores and assess these in relation to both early stage markers of cardiovascular
disease (CVD) (markers of endothelial function and oxidative stress) and CVD and
all-cause mortality.

This chapter describes the main findings, followed by a discussion of the main
findings, methodological considerations, implications and recommendations for
further research.

MAIN FINDINGS

The A Priori Diet Quality Score created in the CARDIA study showed many
age-related, desirable changes in food intake over 20 years of observation, despite
a secular trend towards a lower overall diet score (chapter 2). A higher score on the
A Priori Diet Quality Score was prospectively associated with less oxidative stress
and better endothelial function. The principal component analysis (PCA) based
‘Fruit and Vegetable’ dietary pattern was inversely associated with oxidative stress
but not with all markers of endothelial function. The ‘Meat’ dietary pattern was
positively associated with all markers except VCAM (chapter 3 and 4). Based on the
classification system of foods of the Netherland Nutrition Center we created two
food-based dietary scores (chapter 5). The ‘Dutch Healthy Nutrient and Food Score’
was associated with lower risk of CVD and all-cause mortality in cardiac patients
aged 60-80 years, and in elderly (65-84) men with, but not without, cardiovascular-
metabolic diseases (chapter 6 and 7). The ‘Dutch Undesirable Nutrients and Foods
Score was not associated with CVD and all-cause mortality (chapter 6 and 7).
Overall our findings suggest that dietary patterns are important for both early
stage markers of CVD and mortality. We observed differences in the strength of
the associations between and within methods of dietary pattern creation.

Two different approaches were used to study dietary patterns in this thesis; 1)
theoretically, or ‘a priori’ dietary scores and 2) empirically, or ‘a posteriori’ derived
dietary patterns. We used ‘a priori’ food-based dietary scores in each chapter of this
thesis. We used principal components analysis (PCA) to derive ‘a posteriori’ dietary
patterns in chapter 3 and 4.

There are many existing ‘a priori’ scores [1, 2] which are based on existing
knowledge and therefore limited by the current knowledge of diet-disease
relationships, and healthy intake levels of nutrients and foods. Many studies
compared several a priori scores in relation to all-cause mortality in one study
[3-10] but several differences were noted in the strength of associations. Generally,
(largely) food-based dietary scores predicted mortality better than dietary scores
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based on nutrients [3, 11]. In this thesis we created several food-based dietary scores
based on different strategies for classifying foods and food groups.

The A Priori Diet Quality Score in chapters 2-4 was created by classifying food
groups according to considerations of similar nutrient characteristics, hypothesized
biologic effects, and comparability to food groups defined in previous studies [12-14].
Mursu et al. showed that the A Priori Diet Quality Score correlates highly with
Alternative Healthy Eating Index-2010 [15], that both scores predicted mortality and
that both scores complemented each other when modeled together [9]. Furthermore,
the A Priori Diet Quality Score has similarities with the Dietary Approaches to Stop
Hypertension index and the Mediterranean Diet Score comparing food groups
assignment of “beneficial” and “adverse”.

An alternate a priori method is to incorporate evidence on food groups and
nutrients. The Netherlands Nutrition Center translated the recommended intake
for presumed beneficial (i.e dietary fiber) nutrients and upper limits for presumed
adverse nutrients (i.e. saturated fatty acids, trans unsaturated fatty acids, added
sugar and sodium) to nutrient criteria for each food [16, 17]. To create the Dutch
Healthy Nutrient and Food Score and the Dutch Undesirable Nutrient and Food
Score these nutrient criteria were used for the classification of food groups. We showed
that the ‘Dutch Healthy Nutrient and Food Score’ was associated with CVD and all-
cause mortality in cardiac patients and in elderly men with cardiovascular metabolic
disease. The ‘Dutch Undesirable Nutrient and Food Score’ was not associated with
mortality.

A similar approach was used creating the ‘Nutrient-Rich Food 9.3-index’ scoring
each food on nine beneficial nutrients (protein, fiber, vitamins and minerals) and
three adverse nutrients (saturated fat, sugar and sodium) [18]. Streppel et al.
showed that elderly with a higher ‘Nutrient-Rich Food 9.3-index’ score had a lower
risk of all-cause mortality. There was, however, significant interaction for gender
and the association was statistically significant for women but not for men [19].

The ‘Dietary Inflammatory Index’ uses a similar approach to define a food score
based on “inflammatory nutrients”. Briefly, the ‘Dietary Inflammatory Index’ was
derived after a literature review from 1950 to 2010, including all articles that
assessed the role of whole foods and dietary constituents on interleukins, Tumor
Necrosis Factor-alpha and highly sensitive C-Reactive Protein. Overall ‘Dietary
Inflammatory Index’ scores for each participant represent the sum of each of the
‘Dietary Inflammatory Index’ components in relation to the comparison global
diet database [20]. Garcia-Arellano et al. provided evidence for a direct prospective
association of a higher ‘Dietary Inflammatory Index’ with a higher risk of CVD [21].

In conclusion, although dietary pattern defined by dietary scores are based on
guidelines or recommendations there are still many decisions to be made to create
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a dietary score. The different approaches have shown to be associated with cardio-
vascular outcomes and mortality, therefore the choice of approach depends on the
aim of the study.

Dietary patterns derived by PCA provided insight into existing food consumption
patterns in the CARDIA study. There are several decisions in the analysis that may
significantly affect the results, i.e. the dietary patterns derived. Some key aspects
that the researcher need to decide on are the number of food items or groups to
include, adjustment of input variables before analysis (i.e. energy adjustment), the
criteria for the number of factors to retain, the rotation method and the labelling
of the dietary patterns (quantitatively or qualitatively) [22, 23]. How these choices
affect the outcome is unclear.

Dietary patterns derived from PCA will not be the same across studies because
they are based on different food consumption data, however, several studies find
similar dietary patterns using PCA [22]. Similarly to the PCA derived dietary
patterns in CARDIA other studies find a healthful often labelled ‘prudent’ dietary
pattern and a less-healthful often labelled ‘Western’ dietary pattern. The healthful
dietary pattern is often characterized by high loadings of vegetables, fruit,
legumes, whole grains and fish, whereas the less-healthful dietary pattern is often
characterized by high loadings of red meat, processed meat, butter, potatoes,
refined grains and high-fat dairy [22, 24-27].

PCA may well be able to identify dietary patterns in a sample, however, these
patterns may not necessarily represent healthful diets as they are based on
correlation of intakes between foods. Although this method may therefore not be
useful to evaluate diet quality, it provides insight into existing food consumption
patterns within a population and reveals dietary patterns that are associated with
higher (or lower) health risks [28, 29].

Comparison of a priori dietary scores and a posteriori dietary patterns
In chapter 3 and 4 we compared differences in associations between the two dietary
pattern methodologies described above. We found differences in strength ofassociations
between the A Priori Diet Quality Score and the PCA derived dietary patterns with
early markers of endothelial function and oxidative stress. The A Priori Diet Quality
Score presented in chapter 2-4 emphasized more beneficial food groups (i.e. 20 food
groups were rated beneficial) than adverse food groups (i.e. 13 food groups were
rated adverse). Compared to the a priori ratings of food groups as beneficial or adverse,
the PCA derived ‘Fruit and Vegetable’ dietary pattern emphasized the beneficial
groups, whereas the ‘Meat’ dietary pattern emphasized the adverse food groups.
Few studies compared both methods in one study, however similar to the
studies in this thesis, Osler et al. compared both a posteriori and a priori scores in
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one study and found that an a priori Healthy Food Index and PCA derived “Western’
dietary pattern were not associated but a PCA derived ‘Prudent’ dietary pattern
was associated with lower all-cause mortality risk after adjustment for important
confounders [27].

Nettleton et al. studied two PCA derived dietary patterns the ‘Beans, Tomatoes,
and Refined Grains’ dietary pattern and the ‘Whole Grains and Fruit’ dietary
pattern and one a priori ‘Low-Risk’ dietary score (defined as the weighted sum of
whole grains, vegetables, nuts/seeds, low-fat dairy, coffee (positively weighted), red
meat, processed meat, high-fat dairy, and soda (negatively weighted)) in relation to
type 2 diabetes. The ‘Beans, Tomatoes, and Refined Grains’ dietary pattern was
positively associated and the ‘Whole grains and fruit’ dietary pattern and the
‘Low-Risk’ score were inversely associated with incidence of type 2 diabetes [30]. In
this study it was noted that although beans and tomatoes contain positive nutrients
the PCA-analysis revealed that these foods were correlated with less-favorable food
groups such as refined grains, high-fat dairy foods, and red-meat [30].

In conclusion, a priori dietary pattern scores and a posteriori PCA derived dietary
patterns serve different purposes in nutrition research. However, they may inform
each other in investigating diet and chronic disease relationships. A posteriori PCA
derived patterns could inform which food groups and patterns are relevant in a
population. Dietary pattern scores based on a priori knowledge about food groups
may inform which food groups could be included in the PCA.

DEFINING FOOD-BASED DIETARY PATTERN SCORES
IN EPIDEMIOLOGY

Many aspects should be considered when dietary pattern scores are developed in
epidemiological studies. The most important ones are which components should
be included in the score, the scoring of food groups, weighing of foods and dietary
patterns in different populations.

In the several a priori dietary pattern scores used in this thesis similar food groups
have been rated differently in each score, other food groups were included as a
component in one dietary score but not in the other. For example, in this thesis
eggs were considered neutral in ‘A Priori Diet Quality Score’ and positive in ‘Dutch
Healthy Nutrient and Food Score’. Although eggs are an important source of many
nutrients such as minerals, folate, B vitamins, proteins, and monounsaturated
fatty acids they contain also a considerable amount of cholesterol, a risk factor for
CVD. It is known that dietary cholesterol raises the ratio of total to HDL cholesterol
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and, therefore, adversely affects the cholesterol profile [31]. A recent meta-analysis
of prospective cohort studies showed that egg consumption was not associated
with the risk of CVD and cardiac mortality in the general population [32]. However,
egg consumption may be associated with an increased incidence of type 2 diabetes
among the general population and CVD comorbidity in diabetic patients [32].
Furthermore, in the US regular egg consumption tends to be associated with
unhealthy lifestyle factors such as smoking and physical inactivity and higher
consumption of eggs was likely to be associated with increased consumption of
red and processed meats [33].

Similarly, potatoes were considered neutral in in ‘A Priori Diet Quality Score’
and positive in ‘Dutch Healthy Nutrient and Food Score’. Potatoes were part of the
‘Dutch Healthy Nutrient and Food Score’ score as in the Netherlands boiled
potatoes are an important component of warm meals, especially in the elderly,
furthermore potatoes have a relatively high nutrient density because they are a
concentrated source of dietary fiber, vitamin C and potassium [34]. However,
beneficial nutrients may be counteracted by preparation method [13] which may
berelevantin US populations where a large proportion of the potatoes is consumed
as chips or fries.

Alcohol was included in the ‘A Priori Diet Quality Score’, but not in the ‘Dutch
Healthy Nutrient and Food Score’ or the ‘Dutch Undesirable Nutrient and Food
Score’, where we instead adjusted for alcohol consumption. Although alcohol is
included in many dietary scores such as the Mediterranean Diet Score and the
Alternate Healthy Eating Index-2010 we decided to exclude it from the dietary
scores because various studies showed that the association of dietary scores with
CVD and all-cause mortality were attenuated after removing the alcohol
component [35, 36]. Furthermore, alternate exclusion of components of the
Mediterranean Diet Score showed that alcohol contributed most to the inverse
association between Mediterranean Diet Score and CVD and all-cause mortality
[37, 38]. Because the inverse association of alcohol with CVD is well established [39]
and we were interested a dietary pattern that predicted mortality regardless of
alcohol consumption we decided to adjust for it in stead of including alcohol
consumption as a component of the dietary pattern.

Finally, chocolate was rated neutral in the ‘A Priori Diet Quality Score’ and part
of the snack food group in the ‘Dutch Undesirable Nutrient and Food Score’.
However, evidence suggest that chocolate could be considered positive because of
the beneficial cardiovascular effects of cocoa and chocolate [40] and the inverse
association of chocolate with CVD [41]. However, the cocoa content of commercial
available chocolate varies considerably and potential benefits may be diminished
through the excess caloric intake [42] which shows the difficulty of rating
chocolate.
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In conclusion, depending on the study populations, the position of food groups
in the dietary pattern, the outcomes studied, food groups may differ with regards
to their a priori rating. Furthermore, as the body of evidence is growing with
respect to the relation of food groups with health outcomes, the food groups
included in dietary pattern scores may change.

Generally, all food groups in the dietary scores are scored proportionally according
to quintiles or tertiles of intake. This raises the question whether each food group
shows a similar linear relation with CVD or that different cut off points should be
incorporated in a dietary score. It is also possible that associations of food groups
with diseases are non-linear e.g. U-shaped. For example, the ‘Alternate Healthy Eating
Index’ and ‘Mediterranean Diet Score’ include alcohol as one of the components
but give most points for moderate alcohol consumption. In the ‘A Priori Diet Quality
Score’ higher intakes of beer, wine and liquor were rated positively with no upper
limit, based partly on the rarity of heavy alcohol consumption in the studies which
utilized the ‘A Priori Diet Quality Score’.

Furthermore, in each dietary score all components receive equal weight which
assumes that each component contributes equally to the development of CVD.
Several authors proposed the incorporation of weighing factors for diet quality
indicators [2, 43]. Suggested weighing factors include relative risks or odd ratios for
different food groups and health outcomes. In practice, this approach would likely
result in different weighing factors for each health outcome studied. This would
result in outcome specific dietary scores which is undesirable with respect to
comparability of dietary patterns between studies.

In this thesis weighing factors were not applied in the dietary scores, however
there were components that were correlated (e.g vegetables and fruit) with each
other in each dietary score or that were included as several food groups (e.g. yellow
vegetables, green vegetables and other vegetables in the ‘A Priori Diet Quality Score’)
and indirectly weighted more heavily. Furthermore, it has been shown that
alternately excluding components from a score did not change the result [37, 38]
suggesting the overall score is not driven by one of its single components.

Finally, food groups that are not included in the dietary score are weighted
indirectly by the fact that generally the more of these neutral food groups are
consumed the less of the rated food groups are consumed and vice versa.

Dietary patterns in elderly

We observed an inverse association with the ‘Dutch Healthy Nutrient and Food
Score’ in elderly men with cardiovascular-metabolic diseases but not in the healthy
elderly men. Studying elderly represents a challenge for epidemiological studies.
An important aspect of aging is the long-term exposure to many risk factors that
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might influence health status later in life [44]. Furthermore it is likely that there
are certain periods in life that the dietary patterns are important in relation to
morbidity and mortality [45]. Particularly in the oldest old, simply getting sufficient
energy intake is to be very important; however this is confounded with the general
state of health, including the ability of the person to feed himself or herself.

Another aspect in elderly is the survivor bias, the healthy elderly men in the
Zutphen study have survived a long range of exposures without events. Therefore,
this selected group of elderly might have been less susceptible to external
exposures. Furthermore, this may have resulted in a homogenous group of healthy
participants and low levels of exposure which might be another explanation for
the null finding in the elderly men.

Further research should examine the associations of dietary patterns with
mortality outcomes to find out whether dietary patterns are relevant for health
outcomes in the elderly.

FURTHER RESEARCH ON THE DEFINITION OF DIETARY SCORES.

The evidence on the dietary patterns and health relationships is continuously
growing, therefore it is recommended to update dietary scores according to the
latest research with respect to food groups. With regards to the ‘A Priori Diet
Quality Score’ and the ‘Dutch Healthy Nutrient and Food Score’ this means that
food groups might move from being negative to neutral or positive or vice versa.

The ‘Dutch Healthy Nutrient and Food Score’ specifically is based on the Dutch
Guidelines for a Healthy diet 2006 [16] that was largely based on nutrient recom-
mendations. Currently, a revision is undertaken that focuses on the association of
basic food groups with chronic diseases. The (food-based) Food Choice Guidelines
[17] will be updated as well and used for nutrition education in The Netherlands.
When the Food Choice Guidelines are updated the ‘Dutch Healthy Nutrient and
Food Score’ and ‘Dutch Undesirable Nutrient and Food Score’ should be updated
and subsequently evaluated. Newly developed dietary scores should be evaluated
regarding their validity [23]. Suggested evaluation strategies include examining
the relationship of the dietary score with foods or nutrient intakes, validity and
reliability [23, 46|. Ultimately, all dietary patterns and scores used in this thesis
were evaluated by quantifying longitudinal associations with early stage markers
of CVD and mortality. Additionally, because the ‘Dutch Healthy Nutrient and Food
Score’ and ‘Dutch Undesirable Nutrient and Food Score’ were developed from the
food-based dietary guidelines, associations of these scores with chronic diseases
provide also information on the validity of these dietary guidelines.
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CONCLUSIONS AND IMPLICATIONS

Adherence to a healthy diet is inversely associated with early stage markers of
CVD (markers of endothelial function and oxidative stress), CVD and all-cause
mortality. Although many differences exist between methodologies and populations
studied in this thesis, taking all evidence together several components are
consistent among the different dietary patterns. Dietary pattern scores studied in
this thesis are also in line with the results for other dietary scores.

In summary a healthy diet consists of plenty of vegetables and fruit, whole
grains, legumes, nuts and seeds, moderate intake of fish/poultry/lean meats, low
fat dairy, and limited intake of processed meats, refined grains, sugar sweetened
beverages, ready meals and snacks. However, this thesis also showed that a
high-quality dietary pattern can be achieved in several different ways, and may
vary in different populations. Finally, for nutrition education it is important that
research on food-based dietary scores and chronic disease eventually will be
translated into food-based dietary guidelines.
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The long history of epidemiologic studies on diet and cardiovascular disease (CVD)
has traditionally relied on analysis of specific nutrients or foods. Dietary patterns
are multiple dietary components operationalized as a single exposure; they reflect
the entire diet. In general, two methods are used to define dietary patterns: 1)
theoretically, or a priori, defined dietary scores and 2) empirically, or a posteriori, derived
dietary patterns. A priori dietary scores were developed to assess diet quality based
on adherence to dietary patterns or recommendations. An example of an ‘a posteriori’
approach is factor analysis (e.g. principal components analysis (PCA)). Factor
analysis reduces data into patterns based upon intercorrelations between nutrients
or foods. The aim of this thesis was to create, examine and compare several dietary
patterns and indices and assess these in relation to both early stage markers of
CVD (markers of endothelial function and oxidative stress) and to mortality from
CVD and all-causes.

In chapter 2 we described the creation of the A Priori Diet Quality Score, representing
overall diet quality in the Coronary Artery Risk Development in Young Adults
(CARDIA) study. The CARDIA study included 5115 black and white men and
women, aged 18-30 at baseline (1985-86). Diet was assessed diet at baseline, year
7(1992-93) and 20 (2005-06) examinations. The A Priori Diet Quality Score summed
46 food groups rated by investigators as positive or negative on the basis of
hypothesized health effects. In 2652 participants with 3 diet assessments, the
mean (+SD) A Priori Diet Quality Score increased from 64.1+ 13.0 at year 0 to 71.1 =
12.6 at year 20, which was primarily attributable to increased age. However, the
secular trend, which was estimated from differences of dietary quality scores
across time at a fixed age (age matched time trend), decreased. The diet score was
higher in whites than in blacks and in women than in men and increased with
education, but demographic gaps in the score narrowed over 20 y. Consumption of
positively rated food groups tended to increase and negatively rated food groups
tended to decrease, and were similar in direction across demographic groups.

In chapter 3 we used the ‘A Priori Diet Quality Score’ and two dietary patterns
derived using principal components analysis (PCA) the ‘Fruit and Vegetables’
dietary pattern and the ‘Meat’ dietary pattern in the CARDIA study. We studied
prospective associations of the ‘A Priori Diet Quality Score’, the ‘Fruit and Vegetables’
dietary pattern and the ‘Meat’ dietary pattern with cellular adhesion molecules
(CAMs). The ‘Fruit and Vegetables’ dietary pattern was characterized by high
intakes of fruit, vegetables, and whole grains and the ‘Meat’ dietary pattern by
high intakes of red meat, refined grain, and butter. The ‘A Priori Diet Quality Score’
was related to all CAMs. The ‘Fruit and Vegetables’ dietary pattern was related to
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E-selectin and sICAM-1 but not to P-selectin and VCAM. The ‘Meat’ dietary pattern
was related to all CAMs except VCAM. Strongest associations were for the ‘Meat’
dietary pattern with E-selectin (effect size 28% of an SD (+3.9/13.7 ng/mL)) and
P-selectin (effect size 37% of an SD (+4.1/11.2 ng/mL)) and the ‘A Priori Diet Quality
Score’ with sICAM-1 (effect size 34% of an SD (-15.1/44.7 ng/mL)) and VCAM (effect
size of 26% of an SD (-45.1/170.3 ng/mL)).

Chapter 4 described prospective associations of the A Priori Diet Quality Score,
‘Fruit and Vegetables’ dietary pattern and ‘Meat’ dietary pattern and a plasma
biomarker of lipid peroxidation, F,-isoprostanes also in the CARDIA study. We
estimated associations between each dietary pattern and plasma F,-isoprostanes
cross-sectionally (at year 20, n=2736) and prospectively (year 0/7 average diet and
year 15/20 average F,-isoprostanes, n=2718). In the cross-sectional analysis, the A
Priori Diet Quality Score and the ‘Fruit and Vegetables’ dietary pattern were
inversely, and the ‘Meat’ dietary pattern was positively, associated with F,-isopros-
tanes (all p values <0.001). These associations were also statistically significant in
prospective analysis.

In chapter 5 we described a food classification system derived from the Food-based
Dietary Guidelines in the Netherlands that can be used to systematically and
objectively classify foods in relation to their effects on health. Classification
criteria for each food group were developed based on presumed positive, neutral or
negative effects on chronic diseases of five nutrients: four that likely increase
(saturated fatty acids, mono-trans unsaturated fatty acids, sodium, and added
sugar) and one that likely decreases (dietary fiber) the risk of chronic diseases. This
classification system also provided a framework to create food-based dietary scores
for epidemiologic research on diet and chronic disease relationships.

Chapter 6 describes the creation of two dietary scores the ‘Dutch Healthy Nutrient
and Food Score’ and the ‘Dutch Undesirable Nutrient and Food Score’ based on the
food classification system described in chapter 5 in the Alpha Omega Trial. The
Alpha Omega Trial is a randomized controlled trial; however the current analyses
were done from an observational prospective cohort perspective (with adjustment
for intervention groups). We included 4307 cardiac patients aged 60-80 years and
monitored mortality for 10 years. Patients in the highest quintile of the ‘Dutch
Healthy Nutrient and Food Score’ had 30% (HR 0.70; 95% CI 0.55-0.91) lower CVD
and 32% (HR 0.68; 95%CI 0.47-0.99) lower all-cause mortality risk compared to
patients in the first quintile. The ‘Dutch Undesirable Nutrient and Food Score’ was
unrelated to both CVD and all-cause mortality.
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In Chapter 7 we also created a ‘Dutch Healthy Nutrient and Food Score’ and a
‘Dutch Undesirable Nutrient and Food Score’ in the Zutphen Elderly Study. We
assessed the association of these scores with 25 year CVD and all-cause mortality
and life-years gained. We divided the men (age 65-84 years) into those with (n=210)
and without (n=616) cardiovascular-metabolic diseases at baseline in 1985. During
a median follow-up of 10.6 years (IQR 5.8-15.9) 806 participants died, of whom 359
from CVD. Diet scores did not predict death in all men. Among men with cardio-
vascular-metabolic diseases, ‘Dutch Healthy Nutrient and Food Score’ was
associated with lower CVD (HR: 0.57; 95%CI: 0.35-0.93) and all-cause mortality risk
(HR: 0.64; 95% CI: 0.44-0.94) comparing highest vs. lowest tertiles of the score. Men
with cardiovascular-metabolic diseases in the highest vs. lowest tertile of the
‘Dutch Healthy Nutrient and Food Score’ lived 2.5 year longer. The ‘Dutch Healthy
Nutrient and Food Score’ was not associated with CVD and all-cause mortality in
men without cardiovascular-metabolic diseases. The ‘Dutch Undesirable Nutrient
and Food Score’ was not associated with any of the outcomes.

In Chapter 8 we summarized the main findings of this thesis and reflected on
some methodological considerations. First, we discussed the different approaches
to derive dietary scores and patterns and the advantages and disadvantages of
these methods. Second, we reflected on important aspects for creating a priori
dietary scores and on further research. Finally, the general conclusions and
implications were presented.

From the results presented in this thesis we conclude that adherence to a healthy
diet is inversely associated with early stage markers of CVD (markers of endothelial
function and oxidative stress), CVD and all-cause mortality. In summary, a healthy
diet consists of plenty of vegetables and fruit, legumes, whole grains, nuts and
seeds, moderate intake of fish/poultry/lean meats and low fat dairy, and limited
intake of processed meats, refined grains, sugar sweetened beverages, ready meals
and snacks. However, this thesis also showed that a high quality dietary pattern
can be achieved in several different ways, and may differ among populations.
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