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EXAMINING THE INTERPLAY OF DIET COMPOSITION, CARDIOMETABOLIC
DISEASES, AND ECONOMICS

KENNETH P. KELL
NUTRITION SCIENCES
ABSTRACT
Despite the invaluable contributions that both randomized controlled trials and
longitudinal studies have made to our understanding of the relationships between diet and
cardiovascular disease (CVD), a comprehensive understanding of these relationships does
not yet exist from birth to death. Furthermore, the longest running of these longitudinal
studies have not included a representative portion of racial minority participants. Lastly,
given the financial impacts of CVD, as well as how socioeconomic status (SES) can
influence diet, the interplay between these three merits consideration. Therefore, the
objective of this dissertation was to evaluate the associations between diet and
cardiovascular disease (CVD): 1) in diverse populations 2) over stages of the life course
3) reflexive of the etiology of CVD 4) using various methods of defining diet 5) while
examining how socioeconomic status may impact diet selection, and 6) considering how
diet-mediated CVD may impact healthcare costs. In the first paper we observed positive
associations between added sugars in the diets of children aged 7-12 y and diastolic blood
pressure and triglycerides. In the second paper, adherence to the USDA Dietary
Guidelines was associated with lower risk of atherosclerosis in a middle aged population
as assessed by Carotid Artery Intima-Media thickness (CIMT) and Coronary Artery
Calcification (CAC) at a time point 20 years into the study; however, this finding was not
statistically robust. Finally, adherence to dietary patterns (previously shown to be

associated with incident CVD) was shown to be associated with socioeconomic status

iii



and race in an older population (45+ y). These studies contribute to the broader work of
nutrition sciences, as well as our corporate understanding of the manifold ways in which

diet is interwoven with such themes as policy, sociology, economics, and medicine.

Keywords: cardiovascular disease, diet, economics, socioeconomic status, life course,
etiology
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EXAMINING THE INTERPLAY OF DIET COMPOSITION, CARDIOMETABOLIC
DISEASES, AND ECONOMICS

CHAPTER 1: INTRODUCTION

Cardiovascular disease (CVD) is the number one cause of death in the United
States and contributes to 1 out of every 6 healthcare dollars spent. CVD can take decades
to develop into a life-threatening event such as myocardial infarction (MI) or stroke, from
risk factors such as hypertension and dyslipidemia. Research has shown that risk factors
for adult CVD are present in children. Therefore, to understand CVD and identify ways
to forestall its progression, it is necessary to take a lifespan perspective.

Despite the invaluable contributions that longitudinal studies have made to our
understanding of the risk factors for CVD, a study from childhood to death does not yet
exist. Furthermore, given the diverse racial/ethnic makeup of the US, translating findings
from many of the longest-running studies is problematic, as they are comprised of a
singularly or overwhelmingly non-Hispanic white population.

Limitations aside, these and other findings have demonstrated a role for diet in the
primary prevention of CVD. Diet, however, is a complex subject and can be defined in
multiple ways, each having its own methodological and interpretive strengths and
weaknesses. In population studies, diet is typically defined as either an individual
food/component, a score on a predetermined index, or as a statistically derived dietary
pattern (i.e. grouping of foods).

In addition to the complexities of diet definition, diet selection does not occur in a
vacuum, and it is important to consider factors such as socioeconomic status (SES) that

may impact one’s diet. In the words of Dr. Harvey Cushing, “A physician is obligated to



consider more than a diseased organ, more than even the whole man—he must view the
man in his world.” Furthermore, if diet can reduce the incidence of CVD, this will have
substantial economic implications for both individuals and society at large.

Thus, the objective of this dissertation was to evaluate the associations between
diet and CVD: 1) in diverse populations 2) over stages of the life course 3) reflexive of
the etiology of CVD 4) using various methods of defining diet 5) while examining how
socioeconomic status may impact diet selection, and 6) considering how diet-mediated
CVD may impact healthcare costs. The relationships under consideration are graphically

represented in Figure 1 below.
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Figure 1. Theoretical framework of the interplay between diet, CVD, and economics



A graphical representation, in timeline form, of the lifespan approach used, as
well as the different components of CVD etiology, diet definitions, datasets used, and
papers wherein the analyses were performed and described is given in Figure 2 below.

Childhood Young Adulthood — Middle Age Middle Age — End of Life

CVD Blood ‘Prcssurcf Atherosclerosis Myocardial Infarction/
Lipids Stroke

R a——

Component

|
Birth-Death || |__] | | | o
Timeline ol | I ! V
l_Y_J \ A J
| |
Diet Indi_vidua] Dietary Dictary Tndex Dictary Patterns
Definition Component
Data _ _
Source AMERICO Study CARDIA Study REGARDS Study

Paper #1 Paper #2 Paper #3

Figure 2. Lifespan perspective of the included research examining diet, CVD, and
economics

Specifically, the core components of this dissertation, exploring the relationships outlined

by Figures 1 and 2, are the following:

Specific Aim #1 - Chapter 3 (Paper #1): Added Sugars in the Diet are Positively

Associated with Diastolic Blood Pressure and Triglycerides in Children

As CVD risk factors, and even atherosclerotic lesions, can develop as early as
childhood, it is critical to examine how diet is associated with CVD risk factors. Among
the most well established risk factors for CVD are hypertension and dyslipidemia. In this

paper we examine the relationships between blood pressure/blood lipids and added



sugars, a dietary component that has previously been shown to be associated with
hypertension and dyslipidemia in adults and adolescents. We found positive associations
between added sugars in the diets of children and diastolic blood pressure, as well as

plasma triglyceride levels.

Specific Aim #2 - Chapter 4 (Paper #2): Change in Adherence to USDA Guidelines

(HEI and Association with Indicators of Atherosclerosis in Adults

Venturing a little further into the lifespan, and the etiology of CVD, we examined
the associations between atherosclerosis, as assessed at year 20 via coronary artery
calcification (CAC) and carotid artery intima-media thickness (CIMT), and diet, as
assessed via adherence to the USDA Dietary Guidelines for Americans (DGA) at
baseline and year 20 (Y20). The Healthy Eating Index (HEI), developed by the USDA’s
Center for Nutrition Policy and Promotion, was used to evaluate the association between
one’s development of atherosclerosis and one’s adherence to federally sanctioned dietary
advice. Since the baseline dietary data preceded both the introduction of the Food Guide
Pyramid, and the Nutrition Labeling and Education Act, and since Y20 HEI scores were
significantly higher on average, comparing baseline to Y20 HEI score yielded a snapshot
into how these campaigns may have influenced diet-mediated CAC and CIMT in this
population. From our analyses we found that higher HEI scores at Y20, controlling for
baseline HEI, were associated with smaller CIMT and lower odds of exhibiting CAC.
These associations were not robust to the addition of CVVD-related covariates.
Furthermore, when assessing change in HEI score from baseline to Y20 (i.e. Y20 minus

baseline), no significant associations were found with either CIMT or CAC.



Specific Aim #3 - Chapter 5a (Paper #3): Associations Between Socioeconomic Status

and Dietary Patterns in US Black and White Adults

The third and final population studied included adults who were, on average, 64.7
years old. Dietary patterns were previously derived via principal components analysis in
this population (REGARDS study cohort), and were shown to be associated with risk of
incident stroke and MI. Given their relationships with CVD endpoints, we thought it
especially pertinent to study how adherence to these dietary patterns may be impacted by
individuals’ socioeconomic status and race. In short, we found adherence to many of
these dietary patterns to be related to one’s income, education, and community SES, with

some of these relationships differing significantly by race.

Specific Aim #4 - Chapter 5b: Additional thoughts and implications on healthcare costs

As previously shown in the REGARDS population, diet represents a potential
opportunity to reduce the risk of developing CVD, and thereby related healthcare
expenditures. This is especially true of the southern dietary pattern, since it has
consistently been shown to be associated with incident stroke and MI. Taking this
relationship into account, we calculated the potential healthcare cost differences related to
differences in participants’ adherence to the southern dietary pattern (high vs. low
adherence). We found during the 5 years of follow up analyzed, on average, those
participants with high adherence to the southern dietary pattern incurred $123.25 more
CVD-related healthcare costs per person year, totaling over $6.5M in extra costs in this

population and study period.



EXAMINING THE INTERPLAY OF DIET COMPOSITION, CARDIOMETABOLIC
DISEASES, AND ECONOMICS

CHAPTER 2: LITERATURE REVIEW

Cardiovascular Disease (CVD): History, Prevalence, and Impact

History
Cardiovascular disease has been categorized as one of the major “diseases of

civilization”, or “diseases of affluence”

. Civilization, however, does not necessarily
indicate modernity, since evidence of cardiovascular disease (atherosclerosis) has been
noted as early as 3,500 years ago amongst the highest echelon of Egyptian society?, and
Hippocrates recognized stroke symptoms 2,400 years ago in ancient Greece®. Conversely,
in first world countries in the current era, higher rates of CVD are seen amongst lower
socioeconomic groups®, indicating that affluence may not necessarily refer to the
individual, but rather one’s entire society.

In the intervening centuries between the Pharaohs, ancient Greeks, and ourselves,
very little was understood about CVD. It was not until Leonardo da Vinci that the
coronary arteries were studied systematically, and it took roughly four more centuries
(1912) before a progressive narrowing of these same arteries was attributed to angina and

“heart attack’?

. In the mid-1600’s it was discovered that people who died from stroke

(then called “apoplexy”) exhibited internal bleeding in the brain; however, strokes were

not formally classified based upon their related vascular complications until 19282,
Looking further into the 20™ century, the field of CVD epidemiology came upon

the scene with the Minnesota Business Men Study, closely followed by the Framingham

Study in 1948°. In 1949 “arteriosclerosis” was added as a disease classification, in 1950



HDL and LDL cholesterol were identified, and shortly thereafter shown to be associated
with atherosclerosis. Additionally in the 1950s, Ancel Keys postulated that CVD was
associated with dietary practices, echoing the initial findings of the Framingham study

which indicated a relationship between diet and CVD?.

Prevalence

CVD is the number one cause of death in the United States and worldwide’. This
IS not a recent ranking; however, as this condition has been the leading cause of death
among Americans every year since 1918, shortly after World War 1°°. CVD prevalence
was at its height in the 1960’s, with declines seen in the following decades™, but
unfortunately such declines have stalled in recent years™. In fact, it is anticipated that
CVD prevalence will rise over the coming years, with 40.5% of Americans expected to
have at least one manifestation of CVD by 2030*2. As can be seen in the graph below,
CVD prevalence is higher among older Americans, thus the increasing overall age of the

population will almost certainly contribute to this escalation in rates of CVD*®.



Prevalence of CVD in adults 220 years of age
(NHANES: 2007-2010)
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Figure 1. Source: NCHS and NHLBI. These data include CHD, HF, stroke, and
hypertension™*

Impact

Not only is CVD the nation’s greatest mortality threat, it also contributes to large
amounts of morbidity, diminished quality of life, lost productivity, and considerable
healthcare costs* **. CVD contributes to 1 out of every 6 healthcare dollars, and in 2010
alone, cost the US over $444 billion total on CVD-related expenditures® *#*’. According
to the American Heart Association, these costs are expected to surge to $818 billion in
2030 for direct medical costs alone, with an additional $276 billion incurred via lost

productivity™.



CVD: Etiology, Assessment/Risk Factors, and Treatment/Prevention

Etiology

Given the magnitude and impacts of CVD, understanding the etiology of CVD is
paramount in order to identify opportunities for effective interventions. Our
understanding of CVD has been an iterative process, with many presumptions being
overturned as science progresses. As late as the 1950s, physicians believed severe
atherosclerosis to be an inevitable result of the aging process, and factors which are now
recognized as major risk factors for CVD, e.g. blood pressure and blood lipid levels, were
thought to normally rise with age and/or be unmodifiable'®. Research, however, has
repeatedly shown that CVD develops across the lifespan due to these and other risk
factors™ %,
Although CVD can be due to infections, congenital factors, or other
considerations, the majority of CVD, whether coronary, cerebrovascular, or peripheral,
develops over many decades due to a progressive narrowing of the arteries, i.e.
atherosclerosis®" ??. Beginning as early as childhood, healthy vascular tissue, the
endothelium in particular, is typically damaged through factors such as sustained
hypertension, dyslipidemia, elevated blood glucose levels, and/or inflammation®® . As
endothelial dysfunction progresses, intimal lesions form in the vasculature, thus allowing
LDL to become lodged in the inner layers of the vascular tissue. (Even without intimal
lesions, if LDL and/or VLDL concentrations are high enough, the particles can migrate
between endothelial cells without damage to the intima being requisite). The damaged

endothelial cells attract macrophages that migrate into the area to help remove the now

oxidized LDL? ?®. However, they are unable to fully clear the area due to the persistent
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onslaught of the initial damaging factors (e.g. hypertension), as well as new particles
coming into the site. These macrophages continue to grow, converting into foam cells,
releasing immunostimulants and other factors in an attempt to repair the area, eventually
dying and releasing their accumulated lipids into this space. More and more LDL comes
into the site, as well as vascular smooth muscle cells and connective tissue, now resulting
in a fatty streak that is covered by a fibrous cap®’. Although the vasculature can initially
compensate for the gradual increase of the intima-media thickness via arterial
remodeling, eventually the growth begins to occlude the lumen of the vasculature. Over
time this fatty streak will continue to grow if the initiating and promoting factors are not
properly addressed. As the occlusion gets more severe, due to factors not entirely
understood, calcium often begins to be deposited in the area®®. This may be in part to
strengthen the weakened vasculature, or may be an artifact of the process itself.
Eventually the bulging fatty deposit can either fully occlude the vasculature at its own
site, or rupture, causing a thrombus either at the site of the occlusion, or downstream. If
this occurs in a coronary artery it can result in a myocardial infarction, but if in a cerebral
artery, an ischemic stroke®.

While CVD events such as Ml and stroke are typically observed later in life, as
can be seen from the etiology of atherosclerosis and resultant CVD, this is a process that
spans many decades. Although the earliest stages are not fully known, fibrous plaque
development is thought to begin in the 20s, and fatty streaks have repeatedly been

observed in children®, even those as young as 3 years of age®" *.



11

Assessment of CVD Risk/Progression

A variety of diagnostic tests exist to determine one’s risk of developing CVD, as
well as the progression into atherosclerosis, and eventually cardiovascular events such as
myocardial infarction (MI) and stroke. As discussed in the etiology of CVD, hypertension
and dyslipidemia are among the more prominent and well-established risk factors for

CVD.

Blood Pressure

In adults, blood pressure should be less than 120/80 mm HG. The top number
(systolic) refers to the pressure exerted by the blood outward on the arteries when the
heart is beating, i.e. blood is moving away from the heart. The bottom number (diastolic)
refers to the same arterial pressure, but when the heart is at rest, i.e. filling with blood
between heart beats®. The table below from the American Heart Association shows the

value ranges for blood pressure ranging from “normal’ to “hypertensive crisis”.

Blood Pressure Systolic Diastolic
Category mm Hg (upper #) mm Hg (lower #)
Normal less than 120 and less than 80
Prehypertension 120 - 139 or 80 — 89

High Blood Pressure

(Hypertension) Stage 1 140-159 or 90-99

High Blood Pressure

(Hypertension) Stage 2~ -00 0" fafer or 100 or higher

Hypertensive Crisis

(Emergency care Higher than 180 or Higher than 110
needed)

Figure 2. Blood pressure categories in adults defined by the American Heart
Association®®
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Unfortunately, 33% of American adults experience hypertension, but only 53% of
these have their hypertension under control**. The prevalence of hypertension among
African-Americans, in particular, is much higher than the national average, at 44% .

As the earliest stages of CVVD have been observed in children, examining blood
pressure values in the pediatric population is a critical step toward very early primary
prevention. In children and adolescents, however, normative and hypertensive blood
pressure values are much more complicated since this population is still growing and
changing. NHANES data have been used to establish percentiles for blood pressure
values by age, sex, and height percentile, where at least 3 readings have been taken. The
50™ percentile is defined as the midpoint of the normal range, with the 90™ percentile
serving as the threshold for prehypertension, and the 95" percentile for stage 1
hypertension. Stage 2 hypertension begins at the 99™ percentile plus 5 mmHG* %,
Among the population between the ages of 3-18, the prevalence of prehypertension and
hypertension are 3.4% and 3.6%, respectively*’. However, among adolescents with BMI
percentiles in the obese range, the combined prevalence of these conditions may be as

high as 30%%, approaching the hypertension prevalence of the general adult population.

Blood lipids

Blood Lipids and lipoproteins are assessed via a fasted blood test, i.e. lipid panel,
that typically reports at least low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), triglycerides (i.e. triacylglycerol), and total

39
I

cholesterol®”. LDL-C carries cholesterol from the liver and delivers it to the rest of the

body, when and where needed®. Since LDL-C has been implicated in the development of
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atherosclerotic plaques, it is commonly referred to as “bad” cholesterol. HDL-C, on the
other hand, collects excess cholesterol from the body and brings it back to the liver for
processing. This function of removing cholesterol from the rest of the body, as well as
positive associations between HDL-C and cardiovascular health have led to referring to
HDL-C as the “good” cholesterol****. Triglycerides are the body’s storage form of lipid,
and are produced by the liver in response to excess caloric intake, particularly fats and
carbohydrates. Excess calories in the form of triglycerides are then sent to adipose or
other tissues for storage. Elevated triglyceride levels are often observed alongside obesity
and glucose dysregulation*, both of which can increase one’s risk of CVD. Furthermore,
plasma triglyceride levels have been observed to be related to CVD risk independently of
HDL-C*. Total cholesterol is the summation of all the constituent blood lipids and
lipoproteins. While some treatment guideline goals have changed recently (particularly
for target LDL cholesterol when being treated with statin drugs), the following ranges for

blood lipids and lipoproteins reflect the most current target values for US adults.



Category Value Designation
Total Cholesterol
<200 mg/dL  Best
200-239 mg/dL. Borderline High
> 240 mg/dL  High
LDL-C <70 mg/dL Best for people with heart disease
<100 mg/dL Best for people at risk for heart disease
100-129 mg/dL Near ideal
130-159 mg/dL Borderline High
160-189 mg/dL High
> 190 mg/dL.  Very High
HDL-C <40 mg/dL Poor
50-59 mg/dL  Better
> 60 mg/dL Best
Triglycerides <100 mg/dL  Optimal
<150 mg/dL  Best
150-199 mg/dL Borderline High
200-499 mg/dL High
2500 mg/dL  Very High

Figure 3. Blood Lipid and Lipoprotein Guidelines for US Adults®

According to NHANES 2003-2006 data, 53% of US adults have lipid

abnormalities, with the largest number of people (30%, i.e. 58.9 million citizens)

experiencing fasting plasma triglyceride concentrations of >150 mg/dL*®. Of the adult

population, 21% have at least 2 parameters of dyslipidemia (high triglycerides, high

LDL-C, and/or low HDL-C), and almost 6% experience 3 parameters of dyslipidemia

simultaneously*.

In the pediatric population, blood lipid evaluation is slightly more nuanced, as

triglyceride level recommendations are broken into 2 age groups. Similar to blood

pressure guidelines in children and adolescents, the cut points for elevated risk occur at

14

the 95" percentile; however, this value is set, and does not vary due to sex, height, or age

(except for triglycerides)*’. Even within the pediatric population, dyslipidemia rates of
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22.9% have been observed. Like their adult counterparts, the type of dyslipidemia most

commonly seen is elevated triglycerides (13.2%)".

Category Acceptable Borderline High
Total Cholesterol <170 170-199  >200
LDL-C <110 110-129  >130
Triglycerides

0-9 years <75 75-99 >100

10-19 years <90 90-129 >130
Category Acceptable Borderline Low
HDL-C > 45 40-45 <40

Figure 4. Blood Lipid and Lipoprotein Guidelines for US Children and Adolescents*’

Atherosclerosis

Atherosclerosis, a progressive narrowing of the arteries due to plaque formation
that reduces blood flow through the arterial lumen, develops over many years of
hypertension, dyslipidemia, and/or other assaults to the vasculature. Although
asymptomatic at first, once blockage of the artery reaches a certain threshold, pain,
numbness, and/or debility can develop, the location of which depends upon the site of the
blockage?®. Diagnosis of atherosclerosis in the arteries supplying blood to the heart
(coronary artery) and brain (carotid artery) utilizes imaging technology.

To assess the degree of atherosclerosis in the coronary artery, computerized
tomography (CT) scans can be used to identify and calculate the degree of calcification in
the artery. Calcification of the coronary artery is typically indicative of a well-established

atherosclerotic plaque, and is predictive of experiencing an MI within a few years*.
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To assess atherosclerosis in the carotid artery, ultrasonography can be used to measure
the carotid intima-media thickness, with a higher thickness indicating a greater degree of

atherosclerosis®.

Myocardial Infarction

One end result of atherosclerosis is a myocardial infarction (MI). Mls are
typically the result of a thrombus occluding a coronary artery, thus leading to necrosis of
the downstream cardiac tissue. Validation that an MI has or is occurring can come
through multiple means, such as ECG, blood tests, imaging, autopsy, and/or examination

of symptoms>2.

Stroke

Another end result of atherosclerosis is an ischemic stroke. Similarly to an M1, a
thrombus blocks the vasculature supplying blood to the brain (such as arteries
downstream from the carotid artery), causing hypoxia and/or tissue necrosis. Although
almost 90% of strokes are ischemic, some are the result of a ruptured blood vessel, i.e.

hemorrhagic stroke, and are typically the result of uncontrolled hypertension®.

Treatment/Prevention
A number of treatment options have been proposed and used to address CVD.
These options vary in their cost, effectiveness, and risk of complications.

Medical Interventions
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Surgery

Surgical interventions for CVD serve as a last resort for the treatment of severe
atherosclerosis and CVD events. Such treatments oftentimes occur after the onset of
symptoms such as angina, and many times are used to mitigate the risk of future events
after a patient has already experienced a stroke or MI°* >, Needless to say, surgery does
not serve as a modality for primary prevention of atherosclerotic CVD, and comes with a
substantive battery of costs and risks for complications. As such, other interventions
should be exhausted for both primary and secondary prevention before this option is

exercised.

Medication
Attempts to prevent the development and/or progression of CVD have typically
included the use of medications aimed at addressing risk factors, (e.g. statins,

antihypertensives, antiarrythmics, and antithrombotics>®®

). These drugs, however, do not
come without cost and potential complications. Furthermore, the efficacy of all of these
drugs for the primary prevention of CVD has not been conclusively shown. Statins, for
example, are strongly recommended for secondary prevention (i.e. prevention of another
CVD event), but controversy remains whether they are able to prevent Ml/stroke in

otherwise low-risk people %,

Lifestyle Interventions
Although some risk factors for CVD cannot be altered, e.g. age, sex, genetics, it

has been estimated that up to 90% of CVD event risk may be attributable to modifiable
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risk factors in some US populations, with a majority of these being diet-related®®. On a
global perspective, modifiable risk factors for CVVD can be attributed to a sizeable
percentage of deaths: elevated blood pressure (13%), tobacco use (9%), elevated blood
glucose (6%), physical inactivity (6%), and overweight/obesity (5%) " ™. It is
inescapably clear that a large portion of the modifiable risk factors for CVD are
influenced, at least in part, by one’s diet’2. Our understanding of the extent and manner in

which diet influences these risk factors, however, leaves much to be desired.

Diet and CVD: Methods and previous findings
If demonstrated to be effective, evidence-based dietary changes may represent a
lower cost alternative that can be implemented early in the etiology of CVD. Thus far,
some dietary interventions have demonstrated promise in improving CVD risk factors

and outcomes "8

, and a number of association studies have shown relationships
between diet and CVD "%, For example, a recent randomized trial with high-CVD risk
adult participants experienced great success using the Mediterranean diet in reducing the
rate of major CVD events. As compared with the control diet, multivariable-adjusted
hazard ratios were 0.70 (95% CI: 0.54, 0.92) for the group receiving the Mediterranean
diet with olive oil, and 0.72 (95% CI: 0.54, 0.96) for the group receiving the
Mediterranean diet with nuts "°. The association between diet and CVD has also been
recognized by the American College of Cardiology and American Heart Association in

their 2013 guidelines, as they emphasize the use of diet to control blood pressure and

lipids™.
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Diet assessment/interpretation

As has been demonstrated in previous work, the diet that one follows can have an
impact on the development of CVD risk factors’®. When examining the relationships
between diet and one’s health outcomes, the way in which diet is assessed and interpreted
can have substantial implications on how results are construed, and to what populations
they can be translated. Collecting data on one’s diet has typically included instruments
such as food frequency questionnaires, diet histories, 24-hour dietary recalls, and food
logs®. Once the data collected from these instruments have been compiled and analyzed,
they typically yield information pertaining to caloric content of the diet,
macro/micronutrient composition, and servings of given foods, among others. Once these
data points/categories are available, a number of analytical options are possible.

At the population level there are three primary ways of analyzing diet: as a single
food or nutrient/component, as a score on a predetermined index, or as a unique dietary
pattern of food consumption determined via statistical methods such as principal
components analysis. Examples of examining diet as a single food or nutrient/component
would be saturated fat or carbohydrates ®°. Dietary indices are developed by investigators
a priori, and provide a scoring framework whereby one’s diet is evaluated to see how
closely it aligns with the index under consideration, e.g. Mediterranean diet index, DASH
diet index, alternative Healthy Eating Index™. A perfect score on these indices indicates
that one’s typical diet is in optimal alignment with a given diet that is presumed to be
healthy. Dietary patterns that are derived a posteriori are unique to the population under
consideration, since they use statistical methodologies to analyze the dietary data at hand,

looking to see where natural patterns, or groupings, of food consumption occur within the
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population. Names are generally ascribed to these patterns after their derivation to
describe them, based upon the top foods within a category and what these foods indicate

(e.g. Plant-based, Convenience, Prudent, and Sweets/Fats)®" %,

Strengths and weaknesses

Each of these methods of analyzing diet has its own strengths and weaknesses,
and therefore each one offers a different and informative perspective. The strength of
analyzing diet as a single food/component is that it allows for the examination of direct
relationships between individual diet components and health, although this may be a
potentially narrow or reductionist approach. The use of diet indices may be a somewhat
rigid or prescribed approach, but such indices are typically informed by scientific
literature and can be used to evaluate nutrition policy (e.g. the Healthy Eating Index).
Statistically determined dietary patterns can be difficult to translate to study populations
other than those used to develop the dietary patterns, but these patterns allow for a more
realistic assessment of participants’ diets, since patterns of food consumption are allowed

to emerge from the data.

Previous studies and opportunities for elucidation

Diversity of ages: A lifespan approach

Our understanding of the associations between diet and cardiovascular health is
not seamless. Despite the invaluable contributions that longitudinal studies have made to
our understanding of the modifiable risk factors for CVD, a lifespan perspective from

childhood to death does not yet exist. One of the longest-running and most prolifically
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published upon studies of lifestyle and CVD is the Framingham study ** . Its objective
was “to identify the common factors or characteristics that contribute to CVD by
following its development over a long period of time in a large group of participants who
had not yet developed overt symptoms of CVD or suffered a heart attack or stroke.”
Although this remarkable study has been underway for almost 70 years, both the first
(1948) and second (1971) waves of participants were enrolled as adults °.

Taking a lifespan approach to the study of CVD is critical, since we now know
that risk factors such as hypertension and dyslipidemia can silently develop quite early in

the life course, and may persist for decades before noticeable symptoms develop ** %,

Diversity of race: A heterogeneous racial landscape

In addition to the fact that the more prominent and long-running longitudinal
studies examining diet and chronic disease do not start from childhood, e.g. Framingham
study, Nurses’ Health Study, and Health Professionals’ Follow-up Study, they were also
comprised of a singularly or overwhelmingly non-Hispanic white population % %%,
Using findings from these data to inform current and future federal nutrition
policy/guidelines is problematic, since non-Hispanic whites are not projected to be the
majority of the US population by 2042 *®. Thus, it is important to use a diverse cohort
when seeking to conduct studies that will be translatable to the diverse US population.

[Note: For the sake of simplicity and continuity, the term “race” is used
throughout this document. The authors recognize that, from a sociological and

anthropological perspective, race may be interpreted as a social construct pertaining to

one’s self- or other- identified place within a given society and/or culture®, rather than a
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definitive designation of one’s objective geographic and/or genetic origin(s)®. Given that
the focus of this dissertation is on the interplay amongst diet, economics, and
cardiovascular disease, it is not the within the purview of this dissertation to fully
expound upon the sociological implication(s) of the terms “race”, “ethnicity”, or other
associated designations, nor would the author feel adequately versed in the field to
undertake such a task. Additionally, as both the REGARDS and CARDIA grants and
associated documentation use the racial designations “black” and “white”, for
consistency’s sake these terms are used throughout this document. It is not the author’s
intent, in any way, to cause offense or disparage any people group. This same ethos
applies to discussions of educational attainment, level of income, age, or any designation,
upon the basis of which, persons have been, or continue to be, marginalized or

discriminated against.]

Diversity of diet: Multiple interpretations/assessments of diet

Given that each of the methods of interpreting diet has its own unique strengths,
as mentioned previously, we have chosen to take a survey approach in this dissertation.
Therefore, each of our main papers uses one of each of the main methodologies for diet

interpretation.

Diet and CVD: A multi-pronged evaluative approach
To evaluate the potential associations between CVD and diet in a holistic manner,
we have chosen to evaluate diet in 3 ways: as a single food component, as a diet index,

and as dietary patterns. Furthermore, to mirror the decades-long etiology of CVD, we
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assess the associations between diet and CVD risk factors (blood pressure and blood
lipids), disease progression (atherosclerosis as quantified by coronary artery calcification
and carotid intima-media thickness), and final endpoints of CVD (myocardial infarction
and stroke). As neither CVD nor diet selection occur in a vacuum, we also examine how
socioeconomic status may impact diet selection, and how diet-mediated CVVD may impact
healthcare costs. These studies are all performed using data from racially diverse

samples. The relationships under consideration, as well as the components and their paper

designations, are graphically represented in Figures 1 and 2 below.

[V Jo ppnf

Risk Factors
> 1. Hypertension
2. Dyslipidemia

Cardiovascular
Socioeconomic Disease
Status 1. Stroke '(’

S )
¥, 2. Myocardial | T :
. Atherosclerosis

“ Infarction

N
$
UoISSNISI(]

e

y

“« Healthcare
Costs

Figure 5. Theoretical framework of the interplay between diet, CVD, and economics
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Figure 6. Lifespan perspective of the included research examining diet, CVD, and
economics

Diet as a Single Food Component: Sugar as a new dietary risk factor for CVD

History of sugar consumption and recent trends

While humans have been consuming sugars in the form of fruit since time
immemorial, added sugars in the form of purified sucrose have been a relatively recent
introduction to the diet, especially in the quantities now consumed. This powder was
originally extracted from Indian sugarcane over a millennium ago®, and later from sugar
beets, but most Europeans did not have access to this substance until the 1700s '®. Times
have changed dramatically; however, as the average American now consumes over 77

100

pounds of sugar annually™, with some estimates putting that figure closer to 100

101

pounds™, primarily in the form of sucrose and high fructose corn syrup. Given its
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prominent place in the modern diet, interest has been drawn to the subject of added

sugars and cardiovascular health.

Sugar and CVD: Previous findings

Although dietary interventions for hypertension and dyslipidemia have
traditionally included decreasing one’s intake of sodium and dietary fats, respectively ***
19 'more recently, added sugars in the diet, i.e. sugars and syrups added to foods or
beverages during preparation or processing, have been associated with these conditions in
select age groups %™, In particular, positive associations have been observed between
added sugars in sugar sweetened beverages (SSB) and blood pressure in both adults and
older adolescents %" 1% Fyrthermore, the reduction of SSB consumption has been
associated with lower diastolic and systolic BP in adults *°®°. Components of dyslipidemia
have also been associated with SSBs and added sugars in the diet in adolescents *%* **°
and with SSB alone in children 1. However, total added sugars (not just from SSB) have
not been examined for their potential association with blood pressure and blood lipids in
children.

Since almost 20% of calories in children’s diets come from total added sugars ***,
the potential associations between this dietary component and blood pressure/blood lipids
is worth consideration. Examining added sugars is especially timely given the FDA'’s

move to change the nutrition label to include added sugars'*?, and the WHO’s updated

recommendations to reduce the intake of added sugars to <5% of total daily calories ™.
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Overview of study design for Paper 1

In this paper we used data from a multiethnic sample of children, aged 7-12, to
examine the associations between added sugars in the diet and blood pressure (diastolic
and systolic, separately), as well as blood lipids (LDL-C, HDL-C, Triglycerides, and total
cholesterol, separately). Multivariable logistic regression models were performed, with
added sugars serving as the independent variable of interest, and either an indicator of
blood pressure or blood lipids as the dependent variable of interest. Covariates included
sex, race, socioeconomic status, Tanner pubertal status, percent body fat, physical
activity, and total energy intake. To explore whether traditional risk factors should also
be included as covariates, sodium was run as the independent variable of interest in

models with blood pressure, and total dietary fat in the models with blood lipids.

Diet as an Index: Adherence to the USDA dietary guidelines and atherosclerosis

History of the USDA dietary guidelines
The United States Department of Agriculture (USDA) has been offering dietary

recommendations for just over a century***

. These first recommendations preceded the
discovery of individual vitamins and minerals, and were a general guide on food group
balance, as well as advice on maximizing food dollars. In general, these guides focused
on adequacy of food groups, and once recommended dietary allowances (RDAS) were
established, micronutrients. It was not until the 1977 Dietary Goals for the United States

that the populace was encouraged to limit the excessive consumption of certain foods and

food components thought to be associated with chronic diseases such as CVD'*. Based
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upon these “Dietary Goals”, the USDA Dietary Guidelines for Americans were
introduced in 1980 to provide information to the general population on how to maintain a
healthy body weight and reduce the risk of chronic diseases, such as cardiovascular

disease (CVD) 1> 1,

USDA Dietary Guideline adherence and CVD: Previous findings

Since the first guidelines were issued; however, CVD has remained the number
one cause of death in adults in the United States, bringing into question the effectiveness
of the guidelines, not only in garnering the public’s adherence to them, but also in terms

of improving health.

Adherence

In order to quantify the public’s adherence to these guidelines, in the mid 1990’s
the USDA Center for Nutrition Policy and Promotion (CNPP) developed the Healthy
Eating Index (HEI). The original HEI used a framework to which dietary data could be
applied in order to calculate one’s score from 0-100 *’. Studies investigating adherence
to the guidelines have noted that only about 12% of the population demonstrated “good”
adherence (as defined by an HEI score >80 ) in the early 1990s**®, mid-1990s™°, and that

very little improvement was seen in the 2000s"%.

HEI and CVD

117,121

Some studies have shown negative associations between HEI score and

CVD risk/incidence®*'%* However, these associations have not been examined in a
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diverse population using atherosclerosis as the outcome of interest, especially as assessed
by coronary artery calcification (CAC) or carotid intima-media thickness (CIMT)*.
Furthermore, as these markers typically precede CVD events by at least a few years,
examining the associations between these markers and HEI adherence will allow the

development of more effective nutrition policy for preventing and/or slowing the

progression of CVD, even in later stages of the etiology of CVD *°.

Overview of study design for Paper 2

The objective of this study was to examine the relationship(s) between change in
adherence to the USDA Dietary Guidelines for Americans (as assessed by the Healthy
Eating Index) and CAC and CIMT in the CARDIA study. Since the HEI-1995 is the HEI
version closest to the midpoint of the years of diet assessment in this study (i.e. 1985 and
2005), this version of the HEI was used. HEI scores were calculated for each participant,
and then a change variable was created by subtracting 1985 HEI scores from 2005 HEI
scores.

Multivariable logistic regressions were used to model the associations between
CAC, as well as CIMT (analyzed separately), with 1) HEI score in middle age (2005)
controlling for HEI score during young adulthood (1985) and 2) change in HEI score.
Clinical and demographic characteristics were included as covariates in sequential

models.
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Diet as Patterns: Economics of diet selection and associations with CVD events

A posteriori dietary pattern in nutrition research

In contrast to investigator-driven dietary indices, dietary patterns are derived
using statistical techniques that allow the dietary data to show where patterns/clusters of
food consumption exist. This method of diet assessment/interpretation is a relatively new
addition to the nutritional epidemiology landscape, and represents an “alternative and
complementary approach to examining the relationship between diet and the risk of
chronic diseases™*?. In the REGARDS study cohort, adherence to dietary patterns has
recently been demonstrated to be associated with incident CVD events®. Given these
associations with CVD, understanding how SES may impact individuals’ adherence to

such dietary patterns is of substantive interest.

Diet and SES

Differences in the content and quality of individuals’ diets have been
demonstrated between persons of varying levels of socioeconomic status (SES), and are
thought to contribute to the disparities in CVD observed between groups. Studies
investigating the associations between diet and SES have analyzed diet as individual
nutrients, groupings of nutrients, and dietary indices™*"***. However, limited research has
been conducted on how SES may impact statistically derived dietary patterns, especially
in older populations. Examining the association between dietary patterns and SES is
particularly informative of the effects of SES on diet choice, since dietary patterns are
data driven, and likely to reflect natural groupings of food in the diet according to

economics, education, and social standing.
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Overview of study design for Paper 3

Using data from the REGARDS study cohort, logistic regression models adjusted
for age, sex, race, and geographic region were used to examine adherence to five
emergent dietary patterns (convenience, plant-based, sweets/fats, southern, and
alcohol/salads) according to 4 levels each of individual education, household income, and
community level SES. Further models assessed adherence to these dietary patterns by
race, and an overall model including both races examined if the relationships between

SES and adherence to these dietary patterns differed among black and white participants.

Summary

The objective of this dissertation was to evaluate the associations between diet
and CVD: 1) in diverse populations 2) over stages of the life course 3) reflexive of the
etiology of CVD 4) using various methods of defining diet 5) while examining how
socioeconomic status may impact diet selection, and 6) considering how diet-mediated
CVD may impact healthcare costs. The following chapters outlay in great detail the
studies that have been undertaken to evaluate the aforementioned associations. We feel
that the studies contained herein contribute to the broader work of nutritional
epidemiology, as well as our corporate understanding of the manifold ways in which diet

IS interwoven with such themes as policy, sociology, economics, and medicine.
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Abstract

Background: Hypertension and dyslipidemia have traditionally been associated with
dietary sodium and fat intakes, respectively; however, they have recently been associated
with the consumption of added sugars in adults and older adolescents, but there is no

clear indication of how early in the lifespan this association manifests.

Objective: This study explored the cross-sectional association between added sugars
(sugars not naturally occurring in foods) consumption in children, blood pressure (BP),

and fasting blood lipids (BL.: triglycerides, total, LDL, and HDL cholesterol).

Design: BP, BL, and dietary intakes were obtained in a multiethnic pediatric sample aged
7-12 of 122 European American (EA), 106 African American (AA), 84 Hispanic
American (HA), and 8 mixed race (MR) children participating in the AMERICO study, a
cross-sectional study conducted in the Birmingham, AL metro area investigating the
impacts of racial/ethnic differences on metabolic and health outcomes. Multiple
regression analyses were performed to evaluate the relationships of added sugars and
sodium intakes with BP and of added sugars and dietary fat intakes with BL. Models
were controlled for sex, race/ethnicity, socioeconomic status, Tanner pubertal status,

percent body fat, physical activity, and total energy intake.

Results: Added sugars were positively associated with diastolic BP (p=0.0462,
beta=0.0206) and serum triglycerides (p=0.0206, beta=0.1090). Sodium was not
significantly associated with either measure of BP, nor dietary fat with BL. HA had

higher triglycerides but lower added sugars consumption than either AA or EA children.
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AA participants had higher BP and HDL, but lower triglycerides than either EA or HA

children.

Conclusions: These data suggest increased consumption of added sugars may be
associated with adverse cardiovascular health parameters in children, specifically
elevated diastolic blood pressure and triglycerides. Identification of dietary factors
influencing cardiovascular health during childhood could serve as a tool to reduce CVD

risk.

Introduction

Cardiovascular disease (CVD) is the number one cause of death in adults in the United
States (1), and costs an estimated $445 billion per year (2). Although incidence of CVD
primarily occurs in adulthood, CVD precursors such as atherosclerotic lesions have been
shown to begin as early as childhood (3). Among the major risk factors for CVD are
hypertension and dyslipidemia (4), both of which have become prevalent in children in
the US (5, 6). Hypertension during childhood is correlated with hypertension in
adulthood (7), and elevated blood pressure in children and young adults further
exacerbates the development of atherosclerotic plaques (8). Likewise, dyslipidemia
during childhood is associated with dyslipidemia in adulthood and increased risk of CVD

(9-11).

Due to the early nature of the development of CVD, it is imperative to identify effective

lifestyle interventions for the prevention and treatment of hypertension and dyslipidemia.
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Dietary interventions for blood pressure reduction have traditionally included the
decreased intake of sodium, and interventions for dyslipidemia have included the
decreased intake of dietary fats, with emphasis on cholesterol, saturated fat and trans fat
(12, 13). More recently, however, added sugars in the diet, i.e. sugars not naturally
occurring in foods, have been associated with these conditions. The main sources of
added sugars in the diets of US children and adolescents are sugar-sweetened beverages
(SSB), grain desserts, dairy desserts, cold cereal and candy (14). Studies have shown
positive associations between SSB and blood pressure in both adults and older
adolescents (15-17), furthermore, the reduction of SSB consumption has been associated
with lower diastolic and systolic blood pressure in adults (18). Components of
dyslipidemia have also been associated with SSB and added sugars in the diet in

adolescents (19, 20), and with SSB alone in children (21).

Although the relationships between some added sugars, hypertension, and dyslipidemia
have been explored in various age groups, it is not clear if, when examining added sugars
from all sources, these relationships are present in children. Therefore, we investigated
the relationship between added sugars, blood pressure (BP: diastolic and systolic), and
blood lipids (BL.: total cholesterol, triglycerides, LDL cholesterol, and HDL cholesterol)
in children between the ages of 7-12, while controlling for potentially confounding
lifestyle and societal factors. We hypothesized that the consumption of added sugars in
children would be positively associated with blood pressure, total cholesterol and

triglycerides.
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Methods

Population and Data Collection.

Data were collected from October 2004 to December 2008 as part of the AMERICO
study, a cross-sectional study investigating the impacts of racial/ethnic differences on
metabolic and health outcomes (see Figure 1). The final sample included 320 children
aged 7-12 years old, self-identified as European American (EA; n=122), African
American (AA; n=106), Hispanic American (HA; n=84) and mixed race/ethnicity (MR;
n=8). The children who were peripubertal (pubertal stage <3 as assessed by a pediatrician
according to the criteria of Marshall and Tanner (22, 23), and were not taking any
medications contraindicated for study participation (i.e. medication known to affect body
composition, metabolism, or cardiac function) were eligible for participation in the study.
Participants were recruited from the Birmingham, AL area via newspaper advertisements,
community fliers and presentations at schools, churches, and health fairs. 601 children
were telephone screened, 131 either self-selected out or were excluded because they did
not meet the study criteria. From this stage, 470 participants came in for the study visit,
but only 320 fulfilled the study criteria and completed the study. The study was approved
by the University of Alabama at Birmingham (UAB) Institutional Review Board for
Human Use (children and parents provided informed assent and consent, respectively,

prior to participation).

Data collection occurred across two study visits, the first was outpatient and the second

took place at the UAB General Clinical Research Center (GCRC). Dual-energy X-ray
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absorptiometry scans and the assessment of pubertal status were conducted at the first
visit and children were given an accelerometer to wear to measure physical activity
(collected at second visit). The second visit occurred approximately 7 days later and
included an overnight stay at the UAB GCRC, with all participants receiving the same
meal and snacks, and only receiving water post 2000h until after the morning blood and

blood pressure tests. 24-hour dietary recalls were conducted during both visits.

Detailed variable information below parallels the order found in Table 1 (descriptive

statistics).

Socioeconomic Status. SES was calculated via the Hollingshead four factor index of
social status (24), which includes educational level, occupational prestige, marital status,
and sex. Educational level is on a 7-point scale (1= less than 7" grade completed, 7=
graduate degree) and is weighted by a factor of 3; occupational prestige is on a 9-point
scale (1= “farm laborers/menial service workers”, 9= “Higher executives, proprietors of
large businesses, and major professionals”) and is weighted by a factor of 5. Overall
scores range from 8 to 66 and were determined for the participant’s working parent(s),

with higher scores indicating higher SES.

Pubertal Status. Pubertal status was determined via physician assessment using the
Marshall and Tanner pubertal status evaluation criteria (22, 23). The 5 stages of pubertal
status are based upon pubic hair development in both sexes, breast development in

females, and genital development in males. The higher value of the two developmental
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criteria is used to assign the Tanner stage. In this study, only children of Tanner stages 1-

3 were used.

Body Fat Percentage. Body composition was assessed via Dual-energy X-ray
absorptiometry (DXA) using a GE Lunar Prodigy densitometer (DXA; GE Lunar
Radiation corp., Madison, WI) with pediatric software (version 1.5e). DXA scans were
conducted with participants wearing light clothing, lying flat on their back with arms at
their sides. Total calculated fat mass from the scan was divided by total body weight to

determine body fat percentage.

Physical Activity. Participants were given a uniaxial ActiGraph accelerometer (GT1M —
Standard Model 198-0100-02; ActiGraph LLC, Pensacola, FL) to wear to capture
physical activity levels and patterns (7 days of data were used). Actigraph monitors have
previously demonstrated high inter-instrument reliability and the ability to distinguish
between varying levels of physical activity in children (25). Epoch length was configured
at 1 min and data expressed as counts/min. Data were characterized as average time

(min/week) spent on moderate, hard, and very hard activities.

Dietary Recalls. Two 24-hour diet recalls were administered and analyzed by a registered
dietician using the triple pass method (26). A parent/guardian was present for, and
assisted with, each recall, visual aids were used to help in portion size estimation, and all
24-hour diet recalls were conducted on weekdays. Data were entered by a registered

dietitian into the Nutrition Data System for Research software version 2006 (Nutrition
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Coordinating Center, University of Minnesota, Minneapolis, MN). Outputs from the
same participant’s diet recalls were averaged and the variables of interest included the
following: total calories (kcal/d), total fat (g/d), saturated fat (g/d), dietary cholesterol
(mg/d), dietary sodium (mg/d), and added sugars (g/d). Added sugars were defined as
those not naturally occurring in foods, but were added as a result of processing or
preparation, and did not include 100% fruit juices. The Nutrition Data System for
Research software derived added sugars in the diet using data from sources such as the
USDA (e.g. USDA provisional tables and agricultural handbooks), scientific literature,
manufacturers, calculations from recipes, and calculations from ingredient lists or similar

food products (27).

Blood Pressure. During the overnight visit at the UAB GCRC, trained nurses took two
BP measurements at 1800h, and two more the next day at 0700h. An automated pediatric
BP cuff (Dinamap Pro 200, GE Medical Systems, Piscataway, NJ) was used for this
purpose, with appropriate child-sized cuffs employed based on participant arm size.
Participants were seated at rest, with feet flat on the floor, for at least 10 min before
measurements were taken, and first and second measurements were separated by a 5
minute seated rest. Evening and morning measurements were not significantly different.
The systolic BP and diastolic BP measurements were averaged, using a total of 4

measurements for each.

Blood Lipids & Lipoproteins. Fasted blood samples were taken at 0700h after the

participants’ overnight stay at the UAB GCRC. Concentrations of all serum-derived
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analytes were determined at UAB in the Metabolism Core Laboratory that services the
GCRC and NORC. Lipids (total cholesterol, HDL cholesterol, triglycerides) were
measured using a Stanbio SIRRUS analyzer. LDL cholesterol was calculated using the

method of Friedewald (28).

Statistical analysis.

Multiple variable linear regression analyses were performed, controlling for covariates, to
evaluate the main associations of interest. The independent variables in our analyses were
total dietary added sugars intake (g/day), total dietary sodium intake (mg/day), total
dietary fat intake (g/d), total dietary saturated fat intake (g/d), and total dietary cholesterol
intake (mg/d). Dependent variables included average diastolic BP (mmHg), average
systolic BP (mmHg), total cholesterol (mg/dL), triglycerides (mg/dL), LDL cholesterol
(mg/dL), and HDL cholesterol (mg/dL). Covariates included sex, race/ethnicity,
socioeconomic status, Tanner pubertal status, percent body fat, physical activity
(min/week), and total energy intake (kcal/day). All variables were continuous in nature
other than sex and race/ethnicity. Race/ethnicity was entered as a dummy-coded variable
as it is nominal in nature, with European-American being the reference group as they are
the largest group and have the least variance for the greatest number of variables of

interest.

The associations between added sugars and blood pressure (diastolic and systolic run
independently) and between added sugars and blood lipids (total cholesterol,

triglycerides, HDL cholesterol, LDL cholesterol run independently) were tested using
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multiple variable linear regression analyses. Identical models were also run between
dietary sodium and blood pressure, and also between total dietary fat and blood lipids to
evaluate their potentially confounding effects on associations between added sugars and
CVD risk factors. Only those participants with values for all variables in the models were

included in analyses.

Descriptive statistics were analyzed by race/ethnicity and then sex using analysis of

variance (ANOVA) with Tukey's post-hoc test.

Participants with missing data were not included in the analyses. To comply with
assumptions of regression, all models were evaluated for normality of residuals prior to
any potential statistical transformations of the dependent variable. In all regression
models, residuals exceeding three standard deviations were removed; consequently, no
statistical transformations of dependent variables were necessary. All statistical analyses

were performed in SAS version 9.3 (SAS, Cary, NC).

Results

Baseline characteristics of study participants are given in Table 1 for the overall sample
and by sex and race/ethnicity. No statistically significant differences were observed
between the sexes in terms of SES, physical activity, added sugars, dietary fat, or systolic
blood pressure, and no significant differences were observed among races/ethnicities in

terms of physical activity, total energy intake, total cholesterol, or LDL cholesterol.
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Relative to males, females demonstrated higher tanner stage, body fat percentage and
triglycerides than males but had lower total energy intake, dietary sodium, average
diastolic blood pressure, and HDL cholesterol. HA participants had higher body fat
percentage and triglycerides, but lower SES and added sugars consumption than either
AA or EA children. AA participants had higher tanner stage, average diastolic and
systolic blood pressure, and HDL cholesterol, but lower triglycerides than either EA or

HA children.

A significant positive relationship was observed between added sugars and diastolic
blood pressure (p=0.0462), as described in Table 2, with a significant contribution of sex
in the model (p=0.0259). Sodium was not significantly associated with diastolic blood
pressure, but both sex (p=0.0301) and total energy intake (p=0.0436) contributed
significantly to the model. No significant relationships were observed between systolic
blood pressure and either added sugars or sodium. When modeling the relationship
between added sugars and systolic blood pressure, the following covariates contributed
significantly to the model: sex (p=0.0233), tanner stage (p=0.0127), and body fat
percentage (p=0.0107). When modeling the relationship between sodium and systolic
blood pressure, the following covariates contributed significantly to the model: sex
(p=0.0246), tanner stage (p=0.0092), and body fat percentage (p=0.0101). In all models
of blood pressure, female sex was associated with lower values. When they contributed
significantly to models of blood pressure, tanner stage, body fat percentage, and total

energy intake were associated with higher values.
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Added sugars were positively associated with triglycerides (p=0.0206), but no other
blood lipids, as can be seen in Table 3. Tanner stage contributed significantly in the
following models: total cholesterol (p=0.0254), triglycerides (p=0.0020) and HDL
cholesterol (p=0.0038). Body fat percentage contributed significantly in the following
models: total cholesterol (p=0.0009), triglycerides (p=0.0104), LDL cholesterol

(p<0.0001), and HDL cholesterol (p<0.0001).

Total dietary fat was not significantly associated with any of the blood lipids investigated,
as can be seen in Table 3. Tanner stage contributed significantly in the following models:
total cholesterol (p=0.0397), triglycerides (p=0.0083), and HDL cholesterol (p=0.0040).
Body fat percentage contributed significantly in the following models: total cholesterol
(p=0.0009), triglycerides (p=0.0129), LDL cholesterol (p<0.0001), and HDL cholesterol
(p<0.0001). When it contributed significantly to models of blood lipids, tanner stage was
associated with higher values of triglycerides, but lower values of total cholesterol and
HDL cholesterol. When it contributed significantly to models of blood lipids, body fat
percentage was associated with higher values of total cholesterol, triglycerides, and LDL

cholesterol, but lower values of HDL cholesterol.

Results from the aforementioned regression analyses are alternatively presented with

95% confidence intervals in supplemental Tables 1 and 2.
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Discussion

This study evaluated the cross-sectional associations between added sugars in the diet, as
reported via guardian-supervised children’s 24-hour dietary recalls, and CVD risk factors,
specifically blood pressure and blood lipids. While previous studies have shown positive
cross-sectional associations between added sugars in the diet and elevated BP in
adolescents and adults (15-17), and also between added sugars and triglycerides in
adolescents (29), our study evaluated this relationship in children (Marshall and Tanner

pubertal status < 3).

In our study population, a positive statistically significant association was observed
between added sugars and diastolic blood pressure, but not systolic blood pressure. This
dichotomy is particularly noteworthy because of the young age of our population, given
that isolated diastolic hypertension is much more common in younger than older adults
(30). The relationship between added sugars and diastolic blood pressure suggested a
modest increase of 0.0206 mmHg per gram of added sugars. The average daily
consumption of added sugars for our participants was 308 kcal (76.9g), and for boys in
the U.S. is 362 kcal (90.5g) and girls is 282 kcal (70.5g) (31), well above the range of 12-
32g recommended by the American Heart Association for the age range of our study
population (32) (range derivation for added sugars is available in online supplemental
materials). This level of added sugars consumption by US children may parlay into an

increase of 1.8643 mmHg in boys and 1.4523 mmHg in girls, which may be clinically
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relevant given that a sustained increase of only 5 to 6 mmHg in diastolic blood pressure

in older adults over a few years may increase risk of stroke by 67% (33).

A dietary factor traditionally thought to increase blood pressure, dietary sodium (34), did
not have a statistically significant association with either measure of blood pressure in
our sample. We hypothesize the lack of association in our population between dietary
sodium and blood pressure may be due to the age of our population and the possibility

that their vascular tone and renal function have not yet been impaired.

In terms of blood lipids, although added sugars were associated with triglycerides in our
study, dietary fat did not show this association. When further examined, neither dietary
cholesterol nor saturated fats were significantly associated with triglycerides (data not

shown).

Data from the Framingham study show that patients with elevated blood pressure also
have other metabolic conditions such as high cholesterol and triglycerides, lower HDL
cholesterol, obesity and insulin resistance (30). Other studies have suggested that
hypertriglyceridemia and hypertension tend to coexist in adult individuals (35). These
observations suggest that metabolic diseases could respond to a common etiology, rooted
in genetic and environmental factors that alter the normal functionality of the body. Our
data support that the consumption of added sugars might represent a modifiable risk
factor that deserves further exploration in the identification of preventive strategies for

such complex diseases, particularly among the pediatric population.
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Understanding how risk factors affect disease progression is critical in the development
of effective interventions and treatments. Added sugars in the diet may impact blood
pressure by acting on the kidneys to increase blood levels of uric acid which could, in
turn, reduce the production and/or availability of nitric oxide, a powerful vasodilator,
thereby raising blood pressure (36). In fact, an increased odds ratio of elevated blood
pressure has been seen in those adolescents with higher serum uric acid levels (37).
Alternatively, the mechanism by which added sugars may raise blood pressure could
involve the renin-angiotensin pathway, as has been observed in rat studies (38, 39), or the
interplay between this pathway and nitric oxide production (39). Elevation of
triglycerides from added sugars, on the other hand, may have a less convoluted etiology.
A likely mechanism by which added sugars may increase triglyceride levels is through
stimulating hepatic de novo lipogenesis (DNL) (40, 41). While glucose alone does not
appear to significantly increase DNL (42), fructose has been shown to significantly
increase DNL within hours (43, 44) (both glucose and fructose are found in commonly

used added sugars such as cane sugar and high fructose corn syrup).

Strengths of our study include the use of a diverse cohort in terms of race/ethnicity, and
the ability to more accurately isolate the association between dietary sugars, blood
pressure, and blood lipids by controlling for lifestyle (physical activity, dietary intakes)
and SES, race/ethnicity, sex, tanner stage, and body fat percentage. In addition to the
inclusion of these covariates, robust measures of body composition and physical activity
were utilized. For instance, body fat percentage was calculated from body composition

parameters and weight obtained via DXA technology instead of estimated using BMI, as
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BMI has been shown to be inconsistent in classifying adiposity status across racial/ethnic
groups in children, and less than one half of children in the 85™-95™ BMI percentile (i.e.
overweight) show high adiposity levels when assessed via DXA (45). Physical activity
was directly measured via the use of accelerometers, as opposed to self-reported activity.
Tanner status was used as a proxy for maturation status, instead of age alone, in order to

better control for hormonal and developmental differences among the children.

Limitations of the study are related to the sample size (n=320), the cross-sectional nature
of the study, and the inability to obtain certain data. Given that our sample was from
children living in the Birmingham, AL metro area, the results may not be readily
generalized to other geographic contexts. As we were not able to follow the children over
time, it is not possible to determine how the observed relationships between added
sugars, blood pressure, and blood lipids may change throughout the lifespan. The use of
self-reported dietary assessments may bring concerns about potential underreporting of
added sugars - as observed in adults (46) - that could have impacted the associations
reported herein. Although 24-hour dietary recalls may introduce error due to their
reliance on memory and truthfulness in reporting, a previous review has shown repeated
24-hour recalls to be the most accurate self-reported measure in children as compared to
doubly labeled water (47). Despite controlling for SES (as determined via the
Hollingshead index), limited parental income data were available for us to evaluate the
possible effects of purchasing power constraints on diet quality and their associations

with foods high in added sugars. We did not have measures of serum uric acid, nitric
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oxide, or the renin-angiotensin system in our population to evaluate the potential

physiological mechanisms by which added sugars may raise blood pressure.

Our results provide support to the hypothesis that increased consumption of added sugars
may contribute to the development of poor cardiovascular health prior to maturity.
Further research is needed in humans, especially randomized control trials and
longitudinal studies, in order to verify whether the relationships between added sugars,
blood pressure, blood lipids, and cardiovascular health are definitively causative or only
correlative. However, in light of the current obesity epidemic, as added sugars in food
products may further increase caloric load, it would be advisable to limit their

consumption, especially in children
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Eligible but not included:
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Systolic n=310 Toglycenides n=299 Total Calories n=317 Physical
Diastolic  n=310 Cholesterol  n=299 Saturated Fat n=317 Activity n=236
(Total, HDL., LDL) Cholesterol n=317 Tanner Stage n=314
Sodium n=317 Body
Added Sugars n=316 Composition n=311
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Stafus n=314

Figure 1. Recruitment and final sample size flowchart for AMERICO study*

*Reasons for participants not being included between recruitment/study stages are given
to the right of the arrows denoting the transitions between stages. Final sample sizes for
all variables of interest in the study are provided at the bottom of the figure.



Table 1. Descriptive statistics of AMERICO study population (Mean + SE): Overall, by sex, and by race/ethnicity™?

Total (n=320) | Male (n=170) | Female (n=150) | EA (n=122) AA (n=106) HA (n=84) MR (n=8)
Age 95+0.1 97+01° 93+01° 97+02 96+01 94+02 91+07
gﬁa‘:t'uosegconom'c 38.7+08 387+1.1 38.8+13 494+09° |37.0+1.1° 25.4 +1.3° 39.4 +7.3%0
Tanner Stage” 1.5+0.0 1.4+0.1° 1.6+0.1° 1.4+0.1° 1.7+0.1° 1.4+0.1° 1.3+0.2?°
Body Fat 23.4+05 21.0+0.8° 26.1+0.7° 22.5+0.8° 20.4+1.0° 28.5 +0.9° 21.6 + 2.7%P
Percentage
Physical Activity® | 2012.3+ 225 | 20150+ 32.1 | 2009.3+31.4 |2016.5+32.7 | 2036.0 +450 | 1965.1+433 |2201.6+ 113.9
Total Energy 1804.0 + 26.4 | 19905% 1831.1+36.7° | 1877.3+385 |1889.6+50.7 |1906.0+52.4 |2080.3+156.4
Intake (kcal/day) 37.4
gc/jgaeg)wgars 76.9+ 2.4 79.4+32 742 +37 829+3.6° |84.0+48 59.5 + 4.0° 77.4 + 15,230
Dietary Sodium | 3,47 5, 59 |3299.7% 3104.3+85.7" | 3050.1+80.3 | 3279.8+116.7 | 3339.6 + 118.8 | 3258.9 + 292.4
(mg/day) 80.8
a'ﬁjt:g Fat 744+ 14 75.6+2.0 732+ 19 713+ 19 782+ 27 73.1+26 86.5+ 10.1
Diastolic Blood | 4 1, () 4 60.9+05  [59.2+0.6" 50.0+06° |624+0.7 58.6 + 0.6 62.3 + 2.4%P
Pressure (mmHQ)
Systolic Blood 103.3+0.6 |104.0+08 |102.6+009 1024+1.0* |1058+1.1° |101.2+1.0° |108.2+3%
Pressure (mmHQ)
(Trggj'df)ho'e“em' 154.0+1.6 |155.0+22 |152.8+24 1532+23 |153.8+28 154.6 + 3.6 164 +10.6
(Tr;'g/'gl‘i‘)*”des 66.7+2.1 63.1+25"° | 70.8+34 66.1+29" |543+2.7" 83.4 +5.3° 68.2 + 19.3%
LDL (mg/dL) 902+15 904 + 2.1 89.9+23 91.6 + 2.2 87.6+28 91.9+34 83.9+6.1
HDL (mg/dL) 50.3+0.7 52.0 + 1.0° 483 +1.0° 48.4 +1.0° 55.5 + 1.4 46.1 +1.4° 55.2 + 6.7*°

1. EA = European American, AA = African American, HA = Hispanic American, MR = Mixed Race.

2. Means not sharing a common superscript letter (*°) are significantly different at P<0.05 based on Tukey’s post-hoc test.

€S



3. Assessed via Hollingshead four factor index, with potential scores ranging from 8-66
4. Pubertal stage of 1-3 as assessed by a pediatrician according to the criteria of Marshall and Tanner
5. Physical activity includes total minutes per week of light, moderate, and vigorous activity

¥S
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Table 2. Regression analyses of diastolic and systolic blood pressures vs. added sugars
and dietary sodium, run separately*>*>

Diastolic Blood Pressure  Systolic Blood Pressure

b Coeff. p-value b Coeff. p-value
Added Sugars (g/d) 0.0206 0.0462 0.0126 0.4827
Dietary Sodium (mg/d)  -0.0009 0.0645 -0.0001 0.8745

1. Models were linear regressions with statistically significant associations at p-value <
0.05.

2. All analyses controlled for the following covariates: sex, race/ethnicity (dummy
coded), socioeconomic status, Tanner pubertal status, body fat percentage, total physical
activity, and total energy intake.

3. In the above models, the sample size for which all variables were available was n=220.



Table 3. Regression analyses of blood lipids/lipoproteins vs. added sugars and dietary fat, run separately*?>

Total Cholesterol Triglycerides LDL Cholesterol HDL Cholesterol

b Coeff. p-value b Coeff. p-value b Coeff. p-value b Coeff. p-value

Added Sugars (g/d) 0.0276  0.5995  0.1090 0.0206 0.0318 0.5259  -0.0127 0.5516
Dietary Fat (g/d) 0.1087 0.4480 -0.1351 0.2740 0.0769 0.5735  0.0496 0.3947

1. Models were linear regressions with statistically significant associations at p-value < 0.05.

2. All analyses controlled for the following covariates: sex, race/ethnicity (dummy coded), socioeconomic status, Tanner pubertal
status, body fat percentage, total physical activity, and total energy intake.

3. In the above models, the sample size for which all variables were available was n=210.

99
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Abstract

Adherence to the USDA Dietary Guidelines for Americans has been associated with risk
factors for cardiovascular disease (CVD) and CVD events, but change in one’s adherence
to these guidelines over time has not been examined for its relationship with
atherosclerosis, i.e. carotid intima-media thickness (CIMT) and coronary artery
calcification (CAC). Using diet history data from the CARDIA study collected at
baseline (1985) and year 20 (Y20; 2005), HEI-95 scores were assigned to participants for
both time points (n=1,937, 56.0% female, 41.2% black, mean age at Y20 = 45.3).
Assessed at Y20 only, CIMT was a continuous variable (mm), and CAC was a binary
variable (Agatston score) with 1 indicating presence of calcification. Setting CIMT as
the outcome of interest, linear regression models assessed its association 1) with HEI
scores at Y20, controlling for baseline HEI, and separately 2) with change in HEI (Y20
minus baseline). Setting CAC as the outcome of interest, logistic regression models
assessed its association 1) with HEI scores at Y20, controlling for baseline HEI, and
separately 2) with change in HEI (Y20 minus baseline) with CAC. All models were first
run without any covariates (unadjusted), and then adjusted to include the following
covariates: age, sex, race, field center, education, family income, total energy intake,
BMI, physical activity, smoking status, drinking status, and history of hypertension,
dyslipidemia, or diabetes. Significant associations were observed in unadjusted models
assessing HEI score at Y20, controlling for baseline HEI, with CIMT (p=0.0002,
pcoeff.=-0.0013) and CAC (OR=0.986, 95% CI1=0.976,0.996). Although these
associations were statistically significant, they were not robust to the addition of the
aforementioned covariates. Additionally, change in HEI was not significantly associated
with either CIMT or CAC.
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Introduction

The USDA Dietary Guidelines for Americans (DGA) were introduced in 1980® to
provide information to the general population on how to maintain a healthy body weight
and reduce the risk of chronic diseases, such as cardiovascular disease (CVD). Since the
first guidelines were issued, however, CVD has remained the number one cause of death
in adults in the United States®.

Some studies have taken a disease end-point approach and have examined the cross-
sectional relationship between adherence to the DGA (assessed using the Healthy Eating
Index (HEI)) and CVD incidence and mortality® ¥. Other prospective cohort studies have
examined the cross-sectional association between HEI score and various markers of CVD

risk, e.g. serum cholesterol, BMI, and waist circumference®™.

These studies are helpful in understanding the relationships between HEI score and CVD
at the beginning and end of the etiology of CVD; however, examinations of HEI score
and atherosclerosis are lacking. In order to complete the etiological spectrum, it is
important to examine this dietary relationship utilizing indicators of atherosclerotic
development, i.e. coronary artery calcification (CAC) and carotid intima media thickness
(CIMT). Both of these measures have been shown to be independent risk factors for CVD
@10 Furthermore, abnormalities in CAC and CIMT can typically be detected years
before a CVD event Y through non-invasive and relatively inexpensive procedures.
Therefore, examining the associations between these markers and HEI adherence can
help inform effective nutrition policies for preventing and/or slowing the progression of
CVD, even in the later stages of the etiology of CVD.

Effective dietary prevention measures for CVD would ideally be implemented early in
the lifespan in order to maximize their potential impact. However, analyses have
repeatedly shown less than ideal HEI adherence in younger populations, e.g. teenagers,
young adults“?). For example, in the population under consideration, the Coronary Artery
Risk Development in Young Adults (CARDIA) study cohort, less than 10% of
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participants had “good” adherence to the DGA at baseline, as indicated by an HEI-95
score >80/100. Conversely, if dietary improvements as late as middle age can reduce
CVD risk, this would represent a hopeful public health message. Therefore, the focus of
the present study is the association between HEI adherence over this time span and both
CAC and CIMT. The hypothesis of this study is that, within the CARDIA study cohort,
one’s HEI score in middle age (year 20 of the study), when controlled for HEI score
during young adulthood (baseline) will be negatively associated with CAC and CIMT.
Furthermore, it is hypothesized that the change in HEI score between these time points

will be negatively associated with CAC and CIMT.
Methods

Study Design

The CARDIA study is a multicenter, longitudinal investigation of the evolution of
coronary heart disease risk beginning in young adulthood. The CARDIA study was
initiated in 1985-1986 with a baseline cohort of 5,115 adults aged 18-30 y enrolled from
4 metropolitan areas: Birmingham, AL; Chicago, IL; Minneapolis, MN; and Oakland,
CA. Detailed recruitment procedures and study methods, as well as information about
IRB approval and informed consent, have been previously described* *¥. The original
cohort included approximately equal numbers of blacks and whites, men and women,
aged 18-24 and 25-30 y, and those with a high school education or less vs. those with
more than a high school education®™ '®). Follow-up exams for year 20 (Y20) were
conducted in 2005-2006, including 71.8% of the surviving cohort. Institutional review
boards at each participating institution approved the study, and all subjects provided
written informed consent. Diet was assessed via the use of an interviewer-administered
CARDIA diet history. Demographic, socioeconomic, lifestyle, and medical history
information was obtained using standard questionnaires. Anthropometrics, blood samples
and blood pressure were obtained during clinical visits. Markers of atherosclerosis
included CIMT (assessed via sonography) and CAC (assessed via computed tomography
(CT) scans), and were only assessed at year 20 (Y20). In order to make all covariates as

chronologically matched and updated as possible with CIMT/CAC (e.g. educational



61

attainment at baseline would be an incomplete picture of lifetime education), their values
at Y20 were used in all models. The only exception to this was medical history and
history of CVD risk factors, i.e. experiencing hypertension, dyslipidemia, or diabetes at

any point between baseline and Y 20.

Analysis Variables

Socioeconomic Status

Information pertaining to educational attainment and family income was obtained via the
use of an interviewer-administered questionnaire. Education was assessed in 20
increments as the highest grade (or year) of regular school completed, ranging from
elementary through graduate school. Income was assessed in 11 increments as total
combined family income for the prior 12-month period, ranging from <$5,000 up to
$100,000+.

Anthropometrics

Height and weight measurements used to calculate BMI (kg/m?) were obtained during
clinical visits in accordance to standardized protocols, using calibrated instruments, and
with participants wearing light clothing but no shoes*”. Height was measured to the

nearest 0.5 cm, and weight to the nearest 0.2 kg.

Health Behaviors

Information on smoking and drinking status was collected using standardized
guestionnaires. Smoking status was categorized as never, former, or current (smoked
>100 cigarettes during their lifetime and smoked >5 cigarettes per week most weeks, for
>3 months). Drinking status was classified as non-drinker or drinker (consumed any
alcoholic beverages in past year). Physical activity for the prior year was assessed using
the CARDIA physical activity questionnaire during every examination, with responses

ranging from physically inactive (1) to very active (5).
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Medical History and CVD Risk Factors

During medical examinations participants were asked about prior heart
attacks/myocardial infarction (MlI), stroke and transient ischemic attacks (TIA), as well as
diagnoses of hypertension, dyslipidemia, and diabetes, and any medications taken to treat
these conditions. Evidence of hypertension, dyslipidemia, or diabetes (as defined below)
at any examination was used to indicate a history of these conditions (baseline, as well as
years 2, 5, 7, 10, 15, and 20). Measures of blood pressure, blood lipids/lipoproteins, and
glucose were obtained by trained and certified clinical staff members. Participants were
asked to fast for at least 12 hours prior to the examination, as well as abstain from

smoking or heavy physical activity for at least 2 hours prior.

Blood pressure measurements were taken from the right arm at 1-minute intervals after a
5-minute seated rest with a Hawksley random-zero sphygmomanometer, but with an
automated device (Omron) beginning in Y20 (values were recalibrated in order to equate
to random-zero values)*”. The mean of the second and third measurements was used in
analyses. Hypertension was defined as >140 mmHg for systolic blood pressure, >90

mmHg for diastolic blood pressure or use of anti-hypertensive medications®®.

Fasted blood draws were performed to ascertain lipid/lipoprotein and glucose
concentrations. Total cholesterol, high-density lipoprotein (HDL) cholesterol,
triglyceride, and glucose concentrations were directly measured; however, low-density
lipoprotein (LDL) cholesterol concentration was calculated via the Friedewald
equation®®. Dyslipidemia was defined as triglycerides > 200 mg/dL, HDL < 40 mg/dL,

LDL > 160 mg/dL, or the use of cholesterol-lowering medications (e.g. statins).

Fasting blood glucose and oral glucose tolerance tests were used to assess diabetes status.
Diabetes was defined as exhibiting fasting blood glucose >126 mg/dL, 2-hour glucose

>200 mg/dL, or the use of diabetes medications.
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Carotid Intima-Media Thickness

The process for obtaining this measurement has been detailed previously®® 2. At the
Y20 examinations only, high-resolution sonography was used to image the bilateral
common carotid and internal carotid arteries. All images were obtained from the end of
diastole, using the image with the lowest arterial diameter. The maximum IMT of each
portion of the carotid artery was defined as the mean of the maximum IMT of the near

and far wall on both sides (right and left).

Coronary Artery Calcification

The process for obtaining this measurement has been detailed previously®® 2. At the
Y20 examinations only, each participant underwent 2 CT scans, each of which obtained
40 consecutive images from the root of the aorta to the apex of the heart®®. A blinded
reader read each participant’s scan independently, identifying regions of interest for each
potential focus of calcification. Calcification of the coronary artery was defined as having

a positive Agatston score, averaging the 2 scans®®?.

Dietary Assessment

Dietary data from years 0 (1985) and 20 (2005) were obtained via the use of an
interviewer-administered CARDIA diet history. Detailed dietary assessment information
has been described previously ®?. Dietary data were used to calculate the HEI (1995)
scores for years 0 and 20, as this version of the HEI falls exactly in the midpoint between
the years in which these diet histories were administered. The HEI-95 contains 10
components, each having a possible score of 0-10. The two main types of components are
those for which adequate consumption is suggested (i.e. grains, vegetables, fruits, milk,
meat, variety) and those for which limited consumption is suggested (total fat, saturated
fat, cholesterol, sodium). Upper thresholds, i.e. a score of ten, for the adequacy
components are unique to gender and age ranges, and are contingent upon recommended
caloric ranges based on these criteria. Cholesterol, sodium, and variety are absolute
ranges independent of gender or age, but total and saturated fat are calculated as
percentages of total calories, and therefore contingent upon the gender-age calorie

recommendations. ®®
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Analytic Sample
The total sample size used in the analysis was 1,937 (Table 1). The total CARDIA study

sample for which baseline and Y20 data were available was 3,549 but was reduced for
our analyses by 897 due to valid data being unavailable for diet history (either missing or
having implausible total energy intakes, i.e. <800 kcal/day or >5,000 kcal/day for men
and <600 kcal/day or >4,000 kcal/day for women®®), and was further reduced by 715
due to unavailable outcome or covariate information . The exclusion of people with
missing covariate information from the entire analytic sample was done to ensure
homogeneity of analytic samples among unadjusted and adjusted models. When
compared with the full CARDIA cohort, the analytic sample was not significantly
different in terms of age or sex distribution, but did have less black participants (41.2%
vs. 51.6%), and a slightly different distribution among field centers (Supplemental Table
1).

Statistical Analyses

The independent variables of interest in all regression models were 1) participants’ HEI-
95 scores at Y20, controlling for HEI-95 at baseline, and 2) the change in HEI-95 scores
between baseline and Y20 (Y20 minus baseline). The dependent variables of interest
were CIMT and CAC. Due to the continuous nature of CIMT, linear regression analysis
was used to assess the associations between HEI-95 at Y20 and CIMT. Conversely, the
presence of CAC was defined as an Agatston score greater than 0, signifying that calcium
deposits are present in the coronary artery. Due to the binary nature of CAC, logistic
regression analysis was used to assess the associations between HEI-95 at Y20 and CAC,
setting a score of 0 as the reference group. All models excluded participants with a

history of myocardial infarction and/or stroke/transient ischemic attack.

These models were first analyzed without the inclusion of covariates (unadjusted), and
were then analyzed including the following covariates: age, sex, race, field center,
education, family income, total energy intake, BMI, physical activity, smoking status,
drinking status, and history of hypertension, dyslipidemia, or diabetes (fully adjusted

models). Additionally, sensitivity analyses were conducted to test for the robustness of
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associations by adding these covariates to the unadjusted analyses in groups, namely: age,
sex, race, field center (Model 2); Model 2 plus education and income (Model 3); Model 3
plus total energy intake and BMI (Model 4); Model 4 plus physical activity, smoking
status, and drinking status / alcohol consumption (Model 5); Model 5 plus history of

hypertension, dyslipidemia, and diabetes (Fully Adjusted Model).

The variables pertaining to history of hypertension, dyslipidemia, and diabetes were
coded as 0 for no history, and 1 as having a history of these conditions, setting 0 as the
reference group. Smoking and status were coded a never (0), former (1), or current (2),
with never (0) set as the reference group. Drinking status was coded as either non-drinker
(0) or drinker (1), with non-drinker set as the reference group (0). The reference group for
sex was male, for race was black, and for field center was Oakland. All other variables

were either continuous or ordinal in nature and a reference group was not assigned.

To examine whether the structure of the change in HEI variable might impact
associations with CIMT or CAC (it showed very low skewness and kurtosis, but had a
standard deviation approaching twice that of the mean), it was also transformed into

quartiles and used in the aforementioned regression analyses.

Furthermore, the following items were assessed pertaining to baseline and Y20 HEI
scores: correlation (Pearson) between scores, significant differences between the HEI
scores (paired T-test), and multicollinearity (evaluated in linear regression models via

variance inflation factor).

All statistical analyses were performed in SAS version 9.3 (SAS, Cary, NC).

Results

The average age of the analytic study population at the Y20 examination was 45.5 years,

with 56.0% of participants being female, and 41.2% black. The average baseline HEI
score was 65.5 (out of 100), and increased significantly from baseline to Y20 by an
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average of 6.8 points. Female participants had significantly higher HEI scores than male
participants at both baseline (68.02 vs. 62.21) and Y20 (74.22 vs. 69.65). Similarly, white
participant had higher HEI scores than black participants at both baseline (67.31 vs.
62.83) and Y20 (73.89 vs. 69.82) (Table 1).

The multivariable linear regressions between HEI scores and CIMT are presented in
Table 2.

When assessing participants’ Y20 HEI scores, controlling for baseline HEI, a negative
association was observed in the unadjusted model between Y20 HEI and CIMT
(p=0.0002, pcoeff.=-0.0013). This association was not robust; however, as it did not
remain significant when the all covariates were included in the fully adjusted model (age,
sex, race, field center, education, family income, total energy intake, BMI, physical
activity, smoking status, drinking status, and history of hypertension, dyslipidemia, or
diabetes). Change in HEI, i.e. Y20 minus baseline, was not significantly associated with

CIMT in either the unadjusted or fully adjusted models.

The multivariable logistic regressions between HEI scores and CAC are presented in
Table 3.

When assessing participants’ Y20 HEI scores, controlling for baseline HEI, a negative
association was observed in the unadjusted model between Y20 HEI and CAC
(OR=0.986, 95% CI1=0.976, 0.996). This association was not robust; however, as it did
not remain significant when the all covariates were included in the fully adjusted model.
Change in HEI was not significantly associated with CAC in either the unadjusted or
fully adjusted models.

For the models wherein baseline and Y20 HEI scores were run simultaneously,
multicollinearity was not detected for these variables, as the variance inflation factors for

each score were well below 5 in all cases.

Sensitivity analyses examining the robustness of the aforementioned models, adding

covariates in a step-wise fashion, can be found in Supplemental Tables 2-5.
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Discussion

Associations between CVD and adherence to USDA dietary recommendations, as
assessed by the HEI, have tended to focus on disease endpoints and early risk factors®™.
In order to complete the etiological spectrum, however, it is important to examine this
dietary relationship utilizing indicators of atherosclerosis, i.e., CAC and CIMT.
Additionally, as diet is a malleable aspect of one’s overall disease risk, evaluating change
in HEI score may vyield useful insights for public health research. Using a geographically
diverse sample this study examined how HEI may relate to both CIMT and CAC,
examining these relationships with HEI in middle age (controlling for HEI at baseline),

and separately with change in HEI score as the independent variables of interest.

Significant cross-sectional associations were observed in unadjusted models assessing
HEI score at Y20, controlling for baseline HEI, with CIMT (p=0.0002, pcoeff.=-0.0013)
and CAC (OR=0.986, 95% CI1=0.976, 0.996). Finding significant relationships in both
CIMT and CAC is reflective of research showing CIMT and CAC to be correlated with
one another ¢"?® (although this relationship is not without discrepancies®). As pertains
to CIMT, this relationship implies that every 1 point increase in Y20 HEI score,
controlling for baseline HEI, is associated with a 0.0013 mm smaller CIMT. Given that
the average improvement in HEI score from baseline to Y20 was just under 7, this would
be associated with a 0.0091 mm smaller CIMT on average. Were this relationship causal,
its clinical significance might be questionable, as the healthy range for CIMT can vary by
tenths of millimeters®?, and studies examining CIMT’s value in predicting CVD events

assessed associations by 0.1 mm®©® and 0.03 mm/year® increases in CIMT.

As pertains to CAC, this relationship demonstrates that an increase in Y20 HEI score,
controlling for baseline HEI, is associated with a decreased odds of experiencing CAC
(OR=0.986, 95% CI1=0.976, 0.996). Given the intricacies of interpreting odds ratios®®,
clinical significance is difficult to infer from these findings. Furthermore, the prevalence
of CAC in this population was 16%, well above the threshold of 10% prevalence wherein

one may somewhat realistically, albeit perilously, interchange odds and risk ratios®?.
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These caveats notwithstanding, prior work examining associations between established
CVD risk factors and CAC has shown odds ratios of much greater magnitude, e.g. BMI:

OR of 6.4 in men and 13.6 in women®®.

The non-robust findings of the association between Y20 HEI and CAC may be biological
in nature, and related to potentially conflicting components of the USDA dietary
guidelines. Prior research has shown a significant negative association between vitamin
K2 intake, a fat soluble vitamin found solely in fat and cholesterol-laden animal products,
and CAC®®, as well as coronary heart disease®”. Since the USDA dietary guidelines
discourage the consumption of such foods, it may be possible that a greater adherence to
this component of the dietary guidelines may not be beneficial in terms of CAC. Should
the diminished consumption of vitamin K2 in fact be deleterious to ones cardiovascular
health, it may be mitigated, at least in part, by the other beneficial components of the
dietary guidelines, e.g. fruits and vegetables®®. Thus, if the associations between
individual components of the HEI and CAC are in conflict, this could explain the small
and non-robust association observed between the overall index and CAC.

Although the associations between CIMT and CAC with HEI score at Y20, controlling
for baseline HEI, were statistically significant, they were not robust to the addition of the
covariates in the fully adjusted model. Additionally, change in HEI was not significantly
associated with either CIMT or CAC. Even when converting this variable into quartiles to
account for its large variance, no significant associations were seen with either CIMT or
CAC. This leads to the inference that in the CARDIA population, although HEI score at
Y20 does appear to relate to CIMT and CAC (in the unadjusted model, i.e. a cross-
sectional association), change in diet does not (i.e. an incomplete proxy for a longitudinal

association).

The present study draws upon the rich dataset generated by the long-running CARDIA
study. The CARDIA study cohort is especially suited to this endeavor because the
population at the Y20 examinations were old enough (38-50 years) to have developed

some CAC and increased CIMT, yet were not so advanced in age to have experienced a
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large proportion of MI/stroke. The use of dietary measures obtained at such a large
interval of 20 years permitted a rarely accessible vantage point from which to assess
changes in diet. Furthermore, since the baseline dietary data preceded both the
introduction of the Food Guide Pyramid, and the Nutrition Labeling and Education Act,
and since Y20 HEI scores were significantly higher on average, comparing baseline to
Y20 HEI score yielded a snapshot into how these campaigns may have influenced diet-
mediated CAC and CIMT in this population. The multicenter nature of the study allows
for greater generalizability of these findings, and the substantive proportion of minority
participants (41.2% black) afforded the ability to identify associations between race and
CIMT/CAC supportive of previous research®-Y. Using the non-invasive and relatively
inexpensive measures of CIMT and CAC offers advantages over more commonly
evaluated CVD risk factors in that they are more demonstrative of actual atherosclerosis.
Furthermore, these measures offer advantages over using hard disease endpoints (e.g. Ml
or stroke) in that they are still early enough in the CVD process that non-invasive

interventions, such as lifestyle modifications, may still be effective.

Notwithstanding the strengths of this study, some limitations remain. Although the
CARDIA diet histories used in this study were meticulously and rigorously obtained®?,
dietary recall methods cannot flawlessly capture one’s eating behaviors. Other covariates
also relied on self-report, e.g., education, family income, physical activity level, and
drinking status, and thus may have introduced error into the analyses. Additionally,
despite the large size of the original sample (n=3,549), 25% of these did not have valid
dietary information, and a similar percentage did not have available data on other
variables (Supplemental Table 1). Furthermore, while every effort was made to control
for confounding variables, the possibility of residual confounding of the associations of
interest still remains. Lastly, as measures of CIMT and CAC were only measured at Y20,

a longitudinal approach could not be utilized.

The results of this study draw attention to the importance of diet on cardiovascular health,

but warrant additional investigation. Specifically, the cardiovascular clinical significance



of modifying one’s diet in accordance to the DGA, as well as the utility of the HEI

framework for diet assessment should be explored.
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Table 1. Descriptive statistics of analytic CARDIA study population (1985 and 2005, n=1,937); mean + SEs unless denoted*

Whole Sample  Female Male Black White

n=1,937 n=1,085 (56.0%) n=852 n=798 (41.2%) n=1,139
Age at Year 20 Exam 45.34 +0.08 45.27 +0.11 45.43 +0.12 4462 +0.13° 4584 +0.10°
Baseline HEI score 65.46 + 0.25 68.02+0.33"  6221+033°  62.83+0.36°  67.31+0.32°
Year 20 HEI score” 72.21+0.26 7422+035°  69.65+0.38°  69.82+0.40°  73.89+0.34°
Year 20 - Baseline HEI 6.75+0.03 6.21 +0.41° 7.44 +0.42° 6.98 + 0.47 6.58 + 0.38
CIMT (mm) 0.89 + 0.00 0.86 + 0.00° 0.93 + 0.01° 0.90 + 0.01° 0.88 + 0.00°
CAC Present (% Agatston=1) 19.31 11.61° 29.11° 17.29 20.72*
Education (years) 15.31 + 0.06 15.31 + 0.07 15.32 + 0.09 14.29+0.08°  16.03 +0.07°
Income Level (% making $100k+) 34.95 29.68" 41.67° 18.05° 46.80°
Total Energy Intake (kcal) 2303.79 + 22.59 2015.89 + 24.29" 2670.42 + 37.42° 2285.14 + 39.54 2316.85 + 26.63
BMI (kg/m?) 29.14 + 0.16 29.33 +0.22 28.89 +0.21 31.13+0.24*  27.74+0.19"
Physical Activity Level (% at level 5 of 5) 14.97 12.53° 18.08° 17.17 13.43
Smoking Status (% non-smoker) 63.96 61.66" 66.90° 66.67° 62.07"
Drinking Status (% non-drinker) 80.43 79.08 82.16 70.18" 87.62°
History of High Blood Pressure (%) 25.30 23.96 27.00 36.97° 17.12°
History of Dyslipidemia (%) 50.54 28.29° 78.87° 43.23° 55.66°
History of Diabetes (%) 8.42 8.02 8.92 12.66 5.44°

1. All values are means + SEs unless otherwise indicated. Means with different superscript letters are significantly different, p<
0.05.Chi-squared tests were performed for all categorical variables, and Student’s T-test for continuous variables.

SL



2. The Pearson correlation coefficient between year 20 and baseline HEI scores was 0.32; however, the HEI scores were significantly
different from one another (paired T-test, p<0.05)

Table 2. Multivariable regression of HEI-1995 adherence vs. Carotid Intima-Media Thickness (mm, assessed at year 20) in the
CARDIA study population (1985 and 2005, n=1,937); at year 20 controlling for baseline, as well as the difference between year 20
and baseline, run separately.

Unadjusted Model Fully Adjusted Model
B coeff. p-value B coeff. p-value
HEI Values Modeled Jointly
HEI at Year 20 controlling for Baseline* -0.0013 0.0002 -0.0005 0.1196
Difference between HEI Values
HEI at Year 20 - Baseline 0.0002 0.5231 0.0001 0.6541

*Unadjusted model does include Baseline HEI when modeling association between HEI at Year 20 with CIMT

Fully adjusted models include the following covariates: age, sex, race, field center, education, family income, total energy intake,
BMI, physical activity, smoking status, drinking status, and history of hypertension, dyslipidemia, or diabetes.

Participants with missing data for HEI, CAC, CIMT, or any of the aforementioned covariates for were excluded from analyses

All models exclude participants with a history of myocardial infarction and/or stroke/transient ischemic attack

9L



Table 3. Multivariable logistic regression of HEI-1995 adherence vs. Coronary Artery Calcification (Agatston score 1 vs. 0, assessed
at year 20) in the CARDIA study population (1985 and 2005, n=1,937); at year 20 controlling for baseline, as well as the difference
between year 20 and baseline, run separately. Odds ratios and 95% confidence intervals presented.

Unadjusted Model Fully Adjusted Model
Point Est. 95% Cl  PointEst.  95% CI

HEI Values Modeled Jointly

HEI at Year 20 controlling for Baseline* 0.986 0.976,0.996  0.997 0.986, 1.009
Difference between HEI Values
HEI at Year 20 - Baseline 0.996 0.987, 1.004 0.996 0.987, 1.006

*Unadjusted model does include Baseline HEI when modeling association between HEI at Year 20 with CAC

Fully adjusted models include the following covariates: age, sex, race, field center, education, family income, total energy intake,
BMI, physical activity, smoking status, drinking status, and history of hypertension, dyslipidemia, or diabetes.

Participants with missing data for HEI, CAC, CIMT, or any of the aforementioned covariates for were excluded from analyses

All models exclude participants with a history of myocardial infarction and/or stroke/transient ischemic attack
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Abstract:

Socioeconomic status (SES) has been associated with measures of diet quality; however,
such measures have not directly captured individuals’ overall eating practices. Based on
factor analysis of 56 food groups from food frequency questionnaires, patterns of food
consumption were examined for their associations with SES in a nationwide sample of
17,062 black (34.6%) and white participants (age > 45) from the REGARDS study.
Logistic regression models adjusted for age, sex, racial group, and geographic region
were used to examine adherence to five emergent dietary patterns (convenience, plant-
based, sweets/fats, southern, and alcohol/salads) according to 4 levels each of individual
education, household income, and community level SES. Further models assessed
adherence to these dietary patterns by racial group, and an overall model including both
racial groups examined if the relationships between SES and adherence to these dietary
patterns differed among black and white participants. For all three measures of SES,
higher SES was associated with greater adherence to plant-based and alcohol/salads
patterns, but lower adherence to sweets/fats and southern patterns. Statistically significant
differences between black and white participants were observed in the associations
between household income and adherence to alcohol/salads, individual education and
adherence to plant-based and sweets/fats, and community SES and adherence to
convenience patterns. As dietary pattern adherence has been shown to be associated with
health outcomes in this population, e.g. stroke, this study offers valuable insight into
behavioral and environmental factors that may contribute to health disparities in the

diverse US population.
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Introduction

Health disparities in the United States are notable among groups of differing
socioeconomic status (SES) and race ™. While various explanations have been given for
these disparities, both biological and non-biological ®?, a recurring and etiologically
relevant theme has been differences in diet *?%. In order to ameliorate diet-mediated
health disparities, it is necessary to identify diets that are associated with given health
outcomes, e.g. cardiovascular disease (CVD), and to recognize where disparities exist in

the selection and adherence to said diets.

Previous studies investigating the associations between diet, race, and SES have assessed
diet in various ways. Earlier work focused on examining individual nutrients, as well as
groupings of nutrients, both macro and micro ‘%, While scientifically and
physiologically relevant, this approach does not reflect the manner in which most people
select and consume foods. In order to assess dietary intake more holistically, other
researchers have used hypothesis/investigator-driven (a priori) dietary indices in their
analyses, which take into consideration patterns of foods consumed together (6 8:20)
More recently, data-driven/hypothesis neutral (a posteriori) dietary patterns have been
used to analyze these relationships, with dietary patterns serving as a proxy for a variety
of factors that influence how individuals consume foods, including social, cultural and
financial contributors %29 However, limited research has been conducted on how
one’s racial group and SES may impact dietary pattern adherence, especially patterns

demonstrated to be related to health outcomes.

Our team of investigators have previously shown dietary pattern adherence to be
associated with risk of incident stroke, contributing to excess risk in black Americans as
compared with white Americans®. The present study seeks to advance this work by
using the dietary patterns from our prior study to examine the relationships between SES
and food choice and how these relationships may differ according to race. Although
adherence to only some of the dietary patterns was significantly associated with risk of

incident stroke (increased risk for southern, reduced for plant-based and sweets/fats



patterns), all previously derived patterns were used in the present study as our team’s
examinations of potential associations between dietary patterns and CVD are ongoing,
and may vyield further insights germane to the present study’s findings. The population
used for this study is especially well suited to this endeavor as it is quite large,
nationwide, includes persons of varying levels of SES (both individual level and
community level indicators), and includes a percentage of black participants (34.6%)

large enough to explore racial differences.

Methods

Study Design
The REasons for Geographic And Racial Differences in Stroke (REGARDS) study is

81

observational in nature and comprised of a population-based random sample (n=30,239)

of men and women of black and white racial groups over the age of 45 years ®?. The

original intent of this study was to elucidate the factors that increase one’s risk of having

a stroke. Recruitment occurred between January 2003 and October 2007, and the baseline

data used in the current analyses were cross-sectional in nature; however, the study is
ongoing. A related list from the same vendor used by the US Behavioral Risk Factor
Surveillance System (BRFSS) was employed to recruit individuals. The study
intentionally oversampled both blacks and residents of the stroke belt, a region of the
southeastern US where people have substantially increased risk for stroke (Alabama,
Arkansas, Georgia, Louisiana, Mississippi, North Carolina, Tennessee, and South
Carolina). Initial contact with participants was conducted via a mass mailing to inform
participants they would be contacted via telephone to discuss participation. This call
lasted approximately 45 minutes, and data were collected on self-reported race, risk
factor characterization, socio-economic status (SES), and medical history. An in-home
visit by a trained health professional followed the phone session, during which they
obtained written consent and blood and urine samples. This study was conducted
according to the guidelines laid down in the Declaration of Helsinki and all procedures
involving human subjects were approved by the Institutional Review Board at all

participating institutions. Written informed consent was obtained from all participants.
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Analysis Variables

Socioeconomic Status: Measurements Utilized

The present study assessed SES using education, income, and a community-level index
@3 Education is reasonably stable well into adulthood ©®* (matching the composition of
the REGARDS population), and has been shown to capture lifestyle/behavioral practices
@4 Income can influence access to goods such as healthful foods ¥, and has been
shown to impact diet independently of education @9 The community-level index used in
the present study included measures of assets, home value and occupational prestige (in
addition to income and education) ®®. These additional measures are informative in that:
1) assets may help one successfully weather financial storms better than income alone ¥,
2) one’s home is typically the largest asset and its value has been shown to be associated
with health behaviors and outcomes ®®, and 3) occupational prestige can be
demonstrative of one’s standing in society and allostatic load independently of income ¢
2N Including all these measures into a composite index at the community level offers an
additional insight by revealing where characteristics of one’s community may uniquely
influence health behaviors vis-a-vis one’s personal/family characteristics %

furthermore, such indices are being increasingly used in attempts to capture the

polyfaceted nature of SES 9.

Assessment of Individual Education and Household Income

Level of education achieved and annual household income was self-reported during the
initial phone interview session. Annual income was categorized into four groups: up to
$20,000, $20,000-$34,999, $35,000-$74,999, $75,000+. The four levels of education
response options were less than high school (non-high school graduate), high school
graduate or GED, some college, and college graduate or above. Participants could refuse

to provide both income and education.

Assessment of Community Level Socioeconomic Status

The geographical area used to assess community level SES was the US census block

group (units averaging 1,000 people). Using 2000 US census data, the method developed
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by Diez-Roux et al ®® was employed to assess community level SES through six
representative measures of education, wealth/income, and occupational prestige. Two of
these measures are given as dollar values: Median household income and median value of
housing units. The other four measures are given as percentages: Households with
interest, dividend, or rental income; adults who completed high school; adults who
completed college; and residents employed in executive, managerial, or professional
occupations. Z-scores were calculated for each measure and then added together to create
a comprehensive score, with the lower number representing lower SES. To reflect the
structure of the individual level indicators of income and education, this variable was

transformed into a categorical variable with 4 quartiles.

Dietary Assessment

The Block98 food frequency questionnaire (FFQ) was given to the participants during the
in-home visit with detailed directions on how to complete it and instructions to mail all
forms to the REGARDS Coordinating Center at the University of Alabama at
Birmingham. The Block98 FFQ (www.NutritionQuest.com) is a well-validated
instrument for measuring a majority of nutrients ®®, and other versions of the FFQ have
been further validated in diverse populations ©Y. The Block98 FFQ used in REGARDS
was developed by Block Dietary Data Systems (Berkeley, CA) and distributed by
NutritionQuest. The Block98 FFQ includes 150 multiple-choice questions to obtain
information about the frequency and portion consumed, as well as preparation of, 107
food items. Forms were collected, scanned, and verified by at least two trained personnel
at the REGARDS Coordinating Center, the results of which were sent to NutritionQuest
for scoring and quantification of intake.

Dietary Pattern Derivation

Using the original 107 food items, 56 food groups were constructed based on criteria
such as nutrient similarities, culinary use, and previous studies Y. These 56 food groups
were then used to derive the dietary patterns in the REGARDS cohort with FFQ data
(n=21,636) via a form of exploratory factor analysis, i.e. principal components analysis
(PCA) (the detailed description of the dietary pattern derivations in REGARDS has been
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published ®Y). A random split sample method was used to validate the patterns and
ensure their ability to be replicated. The second half of the sample was used to carry out
confirmatory factor analysis (CFA) to validate the PCA analyses, and only food groups
with absolute value loadings exceeding 0.20 for a given factor were included in the initial
CFA model. Five dietary patterns emerged from these analyses: Convenience, Plant-
based, Sweets/Fats, Southern, and Alcohol/Salads (see Table 1 for the top 10 factor
loadings, Supplemental Table 1 for a more comprehensive list). For each participant in
the study, the factor loading of each food group was multiplied by the average
consumption of each food group in order to calculate their factor scores for each dietary
pattern. Dietary pattern adherence was determined by splitting individual factor scores at
the median. For a given dietary pattern, participants with a factor score above the median
were categorized as high adherers, whereas individuals with a factor score below the
median were categorized as low adherers. The adherence of a participant to any given
dietary pattern did not preclude the participant from being a high or low adherer to any

other dietary pattern.

Analytic Sample

The total sample size used in the analyses was 17,062 (Table 2). The total original
REGARDS study (2003-2007) sample size was 30,183 but was reduced for our analyses
due to data being unavailable for FFQ (n=8,547), as well as measures of SES (n=4,574).
When compared with the full REGARDS cohort, the analytic sample was not
significantly different in terms of age, sex, or region. Due primarily to lower rates of
return for FFQ’s among black participants, there were significantly less black participants
as a percentage of the sample in the analytic sample (34.6%) than in the full REGARDS
cohort (41.5%), but still enough to detect racial differences, and still a percentage at least
that of the general U.S. population (13.2%) ©? (see Supplemental Table 2). All results
(descriptive statistics and logistic regressions) presented in the following section make
use of the analytic sample.
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Statistical Analyses

Logistic regression was used to assess the associations between adherence to dietary
patterns and measures of individual education, household income, and community level
SES. Analyses were run with only one dietary pattern per model (the dependent variable
in each model), and were first run in the overall population sample, and then by racial
group. In the overall model covariates included age, racial group, gender, and region
(stroke belt, stroke buckle, defined as 153-counties in the coastal plains of North
Carolina, South Carolina and Georgia, and non stroke belt), whereas in the models
analyzed by racial group covariates included age, gender, and region. Three interaction
variables were created to test for interactions between racial group and socioeconomic
variables: race*individual education, race*household income, and race*community level
SES. When the interaction terms were statistically significant, analyses were stratified by

racial group. A significant interaction was considered to be p <0.05.

All assessments of the significance of associations were taken from the Type 11l analysis
of effects/Wald Chi-square test, and odds ratio estimates were obtained from the point
estimate and 95% Wald confidence limits. SAS Version 9.3 (SAS, Cary, NC) was used

for all analyses.

Results

The average age of the study sample was 64.7 years, with 54.4% being female (Table 2).
In the sample, 34.6% of the population was black, 38.4% were in the highest bracket of

education and 19.4% were in the highest bracket of income.

The associations between SES measures and adherence to dietary patterns for the overall
sample, i.e. both black and white participants, are presented in Table 3 as odds ratios
(OR) with confidence intervals. Those participants in the highest vs. lowest tiers of all
SES measures - household income, individual education, and community level SES -

were significantly more likely to adhere to plant-based and alcohol/salads dietary patterns
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(OR>1), but less likely to adhere to either sweets/fats or southern dietary patterns
(OR<1). Additionally, participants in the highest vs. lowest tiers of both individual
education and community SES, but not household income, were more likely to adhere to
the convenience dietary pattern.

Interactions between racial group and socioeconomic variables were tested in the overall
sample using the following interaction terms in the logistic regression models:
race*individual education, race*household income, and race*community level SES. As
denoted by asterisks in table 3, statistically significant differences between black and
white participants were observed in the associations between household income and
adherence to alcohol/salads, individual education and adherence to plant-based and
sweets/fats, and community SES and adherence to convenience patterns. Given the
significant racial differences in the associations between measures of SES and adherence
to dietary patterns, these associations were analyzed for each racial group. Although the
magnitude of adherence differed significantly by racial group for some dietary patterns
and measures of SES, the direction of adherence was the same for both black and white

participants (Table 4).

When further including lifestyle/demographic variables such as smoking, physical
inactivity, and BMI (Supplemental Tables 3 & 4), all of these associations were
maintained except that those participants in the highest vs. lowest tiers of income (overall
sample only) were now more likely to adhere to the convenience pattern, but no longer
any more or less likely to adhere to the plant-based dietary pattern. These shifts are not
surprising given the close proximity of the previous confidence intervals to 1, and the fact

that health behaviors tend to be related to one another ¢339,
Discussion
Although a number of studies have investigated the associations between diet, race, and

SES, the majority of research has assessed diet either according to its component

nutrients 537 or using prescribed, a priori dietary indices % %203 These
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assessments, while informative in their own right, may not entirely incorporate or reflect
underlying patterns of food choice. By using a posteriori dietary patterns, researchers are
able to see how foods group together in the diet and which foods make up a large portion
of the diet %, allowing for more effective behavioral and policy-based interventions.
Using a large nationwide sample and a posteriori dietary patterns, some of which have
previously been demonstrated to be associated with risk of incident stroke ¥, this study
examined how SES, both individual and community level, as well as racial group, may be
associated with the dietary patterns that people choose to follow.

All measures of SES were positively associated with adherence to a plant-based dietary
pattern; however, household income showed the weakest association with adherence to
this pattern, leading to the conjecture that education may be a more important
determinant of what could be described as a “healthy” diet than income alone. This
finding is echoed by recent work in children demonstrating maternal education to be a

more consistent predictor of diet than household income “©.

While both racial groups demonstrated positive associations between individual
education and adherence to the plant-based dietary pattern, education in whites was more
strongly associated with adherence to this pattern as compared with blacks. This finding
brings to mind existing racial disparities in educational attainment, namely that the
percentage of persons educated at the collegiate level and beyond is higher among whites
than blacks “**2 The racial disparity in plant-based diet adherence, compounded by
disparities in educational attainment, may contribute to racial health disparities since the
consumption of fruits, vegetables, and legumes appears similarly beneficial for both
black and white Americans “%*¥. Although initiatives to close the higher education gap
are currently in place, our research evidences the importance of implementing such

initiatives as a potential tool to prevent diet-mediated racial disparities in health.

A unique pattern that emerged from the factor analyses was the alcohol/salads pattern.
Adherence to this pattern was positively associated with all indicators of SES. The race

by household income interaction was significant in this pattern, with greater adherence
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seen in whites in the highest income category than blacks in the same income category.
This racial difference is not entirely surprising given the fact that the percentage of the
white population who are current drinkers exceeds that of the black population by 15%
“3) Furthermore, heavy alcohol consumption such as binge drinking has been shown to
increase relative to income more in whites than blacks “% 7. Although green salads are a
positive component of the alcohol/salads pattern, the results of these analyses, taken in
the aforementioned context, reveal the potential need for public health initiatives to

encourage responsible consumption of alcohol among higher-earning white Americans.

Our data show that adherence to dietary patterns in both blacks and whites was in the
same direction in all significant relationships, but that the magnitude of adherence
between the racial groups was different in some instances. This demonstrates that while
one’s racial group may be an influential factor in determining food choice, stark

dichotomies are not observed merely due to race.

An important message that can be gleaned from the results of this study is that SES may
supersede culinary traditions in some instances. This is most clearly demonstrated when
looking at the southern dietary pattern. In a previous study examining black and white
older adults in the southeast, education was negatively associated with a preference for
typical southern foods “®. Our findings support this study, since in every indicator of
SES used in our study, and in both racial groups (no race*SES indicator interactions were
significant), SES was negatively associated with adherence to the southern dietary
pattern. The ability of education, income, and/or SES to overcome the ties of cultural
lifestyle observances, especially when those observances could be deleterious to one’s
health, may prove hopeful in public health campaigns (e.g. encouraging those persons in
the lower tiers of SES who are strongly adherent to this pattern to reduce their
consumption of fried and processed meats, as well as sugar-sweetened beverages).
However, in order for increasing one’s education to have an independent effect on diet
choice, education itself must be the driving force behind this association, perhaps

exerting its effect by increasing one’s health literacy. This relationship, however, remains



89

to be conclusively known, and perhaps educational attainment may be, to some extent, a

marker for familial characteristics, or even greater self-efficacy.

This study was unique due to a confluence of elements. By using dietary patterns
previously shown to be associated with risk of incident stroke V), this study was able to
address how SES and/or one’s racial group relate to diet selection, and sheds light on how
such disparities in diet may impact disparities in health outcomes observed among such
groups. The use of a nationwide dataset allows for generalizability beyond the
southeastern US, a region with increased cardiometabolic risk and the original impetus
for the REGARDS study. Furthermore, the population included persons of varying levels
of SES (both individual level and community level indicators) as well as a substantial
number of minority participants (34.6% black), especially as compared to previous
studies in this arena. The large number of black participants strengthened the study by
providing the power to detect significant interactions between variables within racial

groups.

Despite the many strengths of the study, a number of limitations persist. While the FFQ
used has been validated in a population similar to that of the present study ©?, no self-
reported diet measures can perfectly represent actual food consumption, especially when
the recall period is an entire year. Self-report was also utilized in the collection of
measures of household income and education. Since data on household size were not
available, it was not possible to ensure that household income was assessed
homogenously across all study participants, and this may have introduced some
uncertainty in the analyses using household income. However, given that the
relationships between household income and adherence to the dietary patterns mirrored
the relationships between the other measures of SES and adherence to the dietary patterns
(except for the convenience pattern, which approached significance), this does not appear
to be of great concern. Although diet cost has been associated with diet quality in the
literature 952 data pertaining to food purchases were not available in this sample. As a
result, the putative impact of income on food accessibility, and therefore dietary pattern

selection, unfortunately could not be directly assessed in this population. Although the
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sample size for this study was quite large at n=17,062, almost half of the REGARDS
cohort did not have sufficient SES or nutrition data for inclusion in this study (see
Supplemental Table 1). Additional research needs to be conducted in order to more fully
understand the underlying reasons behind the associations revealed in the present study,
such as accessibility to food outlets, time constraints in food preparation, and taste

preferences, among others.

This study provides insight into how groups differing by SES and/or race currently
consume food, and serves as a springboard for further elucidation of diet-mediated health
disparities. Given the complex nature of diet selection, intervention studies should be
designed to more fully isolate the effects of specific SES components. Based upon
knowledge gleaned from this study, as well as future studies, interventions can be more
effectively designed to shift people’s dietary patterns and practices towards ones that are
healthier. Such interventions may not only ameliorate observed health disparities among

groups, but also raise the overall level of health for the general population.
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Table 1. Principal component analysis-generated dietary patterns from the REGARDS study population (2003-2007) and their top 10

constituent food/beverage items, as ranked by factor loadings

Convenience Plant Based Sweets/Fats Southern Alcohol/Salads
Food/Beverage FL Food/Beverage FL Food/Beverage FL Food/Beverage FL Food/Beverage FL

Item Item Item Item Item
M.'Xed dishes 0.61 Veg. - cruciferous  0.59 Mlscelllaneous 0.54  Fried food 0.56 Salad_ 0.55
with meat sugar dressing/sauces
Pasta dishes 0.59 Fruit 0.58 Dessert 0.53 Organ meat 0.47 I\gz}g;table " Oreen .48
Mexican dishes 0.48 Veg. - green leafy  0.49 Bread 0.47 Processed meat 0.45 Wine 0.36
Pizza 0.45 Veg. - other 0.48 Chocolate 0.46 Eggs & eggdishes 0.42 Bultter 0.32
Red meat 0.45 Veg.-dark yellow 0.41 Candy 0.40 Added fats 0.38 Liquor 0.31
Soup 0.44 Fish 0.38 Added fats’ 0.40 SSB* 0.37 Coffee 0.30
Chinese dishes  0.44 Breakfast Cereal 0.38 fgggit breakfast 0.39 Bread 0.37 Eggs & egg dishes  0.29
Fre_nch fried 0.37 Beans/ Legumes 0.38 Margarine 0.38 Red meat 0.26 Condiments 0.29
white potatoes
Non-fried . . . . 3
white potatoes 0.36 Soup 0.32 Highfat dairy? 0.37 Milk — Highfat 0.24 Vegetable - tomato 0.27
Beans/ 4 4

0.36 Vegetable - tomato 0.32 Tea 0.31 Soda 0.24 Red meat 0.26

Legumes

FL = Factor Loading
1. Includes items such as jelly, jam, syrup, and sugar in coffee/tea

2. Added fats includes shortening, lard, vegetable oil, olive oil, gravy, and mayonnaise
3. Highfat dairy includes dairy products made from whole fat milk, whereas Milk—Highfat only includes whole fat liquid milk

4. “Tea” includes unsweetened tea or tea sweetened with non-nutritive sweeteners, SSB (sugar-sweetened beverages) includes all
beverages that use nutritive sweeteners other than 100% juice, “Soda” is a subset of SSB and includes only carbonated SSB

S6
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Table 2. Descriptive statistics of the REGARDS study population (2003-2007)*

Whole Sample Black White
n=17,062 n=5,911 n=11,151

Age (mean, std. dev.) 64.7 (9.3) 63.5(8.9) 65.3(9.4)
Race Black 34.6
Sex Female 54.4 65.0 48.8
Stroke Belt 33.9 32.4 34.7
Region Buckle 21.3 18.2 22.9
Non-Stroke
Belt 44.8 49.4 42.4
<High school 9.1 14.8 6.0
Personal Education High school 24.9 26.8 23.8
Some college 27.7 29.3 26.9
College+ 38.4 29.1 43.3
$20K 17.9 28.0 12.5
Personal Income $20K-$34K 27.1 30.3 25.5
$35K-$74K 35.6 31.3 37.8
$75k+ 19.4 10.5 24.1
Quartile 1 25.0 45.0 14.4
. Quartile 2 25.0 27.8 23.5
Community SES Index 5 - ije 3 25.0 18.7 28.3
Quiartile 4 25.0 8.5 33.7
Current Smoker 14.0 17.5 12.2
Obese (BMI > 30
kg/m?) 37.0 48.8 30.7
Sedentary (>4+
hours/day 304 43.3 23.6

of screentime)

*Statistically significant differences (p<0.05) were observed between both races for all
variables shown.

Chi-squared tests were performed for all categorical variables, and Student’s T-test for
continuous variables.

Unless otherwise indicated, values given are percentages



Table 3. Logistic regression of dietary patterns vs. SES indicators in the REGARDS study population (2003-2007, n=17,062)

Convenience Plant-based Sweets/Fats Southern Alcohol/Salads

Household Income

<$20K Ref Ref Ref Ref Ref

$20K-$34K 0.96 (0.87,1.06)  1.00 (0.90,1.10) 0.94 (0.86,1.04) 0.74 (0.66,0.82) 1.31(1.19,1.45)

$35K-$74K 1.00 (0.90,1.10)  1.09 (0.99,1.20) 0.92 (0.84,1.02) 0.60 (0.53,0.66) 1.68 (1.52,1.86)

$75k+ 1.09 (0.96,1.22) 1.16 (1.03,1.30) 0.65 (0.58,0.73) 0.44 (0.39,0.51) 2.35 (2.08,2.66)*
Personal Education

<High school Ref Ref Ref Ref Ref

High school 1.10(0.97,1.24) 1.11(0.99,1.26) 0.95 (0.84,1.07) 0.76 (0.66,0.87) 1.17 (1.03,1.34)

Some college 1.12 (0.99,1.27) 1.25(1.11,1.42)  0.89(0.79,1.01) 0.62 (0.54,0.71) 1.35 (1.19,1.54)

College+ 1.23(1.08,1.40) 1.82(1.60,2.06)* 0.76 (0.67,0.86)* 0.43 (0.37,0.50) 1.50 (1.31,1.71)
Community SES*

Quiartile 1 Ref Ref Ref Ref Ref

Quiartile 2 1.09 (1.00,1.20) 1.13(1.03,1.23) 0.94 (0.86,1.03) 0.74 (0.67,0.82) 1.27 (1.16,1.39)

Quiartile 3 1.19(1.08,1.31) 1.22(1.12,1.34) 0.83(0.76,0.91) 0.52 (0.47,0.57) 1.46 (1.33,1.60)

Quartile 4 1.23(1.11,1.36)* 1.56 (1.42,1.72) 0.60 (0.54,0.66) 0.35(0.31,0.38) 2.05 (1.86,2.26)

1. Community SES z-scores were obtained using the 6-component method developed by Anna Diez-Roux, then stratified into

quartiles. Components included: median household income, median value of housing units, percentage of households with interest,
dividend, or rental income, percentage of adults who completed high school, percentage of adults who completed college, and
percentage of residents employed in executive, managerial, or professional occupations

*Effects differ statistically by race (p-value < 0.05); see Table 4. Odds ratios and confidence intervals are given where p-values not
indicated.

Covariates for income models include: age, sex, race, region, and education; Covariates for education models include: age, sex, race,
region, and income; Covariates for community SES models include age, sex, race, and region

L6
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Additional thoughts and implications on healthcare costs

A large portion of the financial impacts of CVD is associated with acute CVD
events that typically occur later in life, such as M1 and stroke®?. By 2030, the direct
medical costs associated with stroke, coronary heart disease, and heart failure are
projected to exceed $275 billion, more than triple the 2010 estimates. One of the major
drivers in the increased expenditures on CVD treatment is the aging population 2.
Identifying low cost interventions, such as dietary modifications, that are effective in
forestalling CVD events in older adults is paramount. While many specific diet
components are related to cardiovascular health (e.g. dietary fat, dairy, eggs, and

fruits/vegetables % 13°13

), humans do not typically consume foods in isolation.
Understanding the natural groupings of foods in the diet can help inform the relationships
linking diet, CVD, and CVD-related costs in a more holistic manner.

As previously shown in the REGARDS population, diet represents a potential
opportunity to reduce the risk of developing CVD, and thereby related healthcare
expenditures. This is especially true of the southern dietary pattern, since it has
consistently been shown to be associated with incident stroke and M1%. Taking this
relationship into account, we calculated the potential healthcare cost differences related to

differences in participants’ adherence to the southern dietary pattern (high vs. low

adherence).
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Statistical Methods

Five years of follow up data were used for all participants who had dietary pattern
data and no history of CVD events at baseline. The beginning of this period was each
participant’s baseline (the date of the in home visit when participants were given the
Block98 food frequency questionnaire), and the end of the period was either the date of
an incident stroke or MlI, or 5 years post-baseline for those without a CVD event.
Participants without a CVD event at 5 years post-baseline were censored, and a Kaplan-
Meier survival analysis was conducted to test for differences in rates of incident CVD
events (Ml and stroke tested separately) between those with high vs. low adherence to the

southern dietary pattern.

Results

Statistically significant differences in rates of CVD events were observed between
strata of adherence to the southern dietary pattern for both Ml (p<0.0001) and stroke
(p=0.0003). 4.8% of participants with high adherence to the southern dietary pattern
experienced an MI during the 5-year follow up period (n=471 of 10,683), vs. 3.3% of
those with low adherence (n=331 of 10,727). 2.9% of participants with high adherence to
the southern dietary pattern experienced a stroke during the 5-year follow up period

(n=309 of 10,681), vs. 2.2% of those with low adherence (n=238 of 10,724).

Cost of MI and Stroke
Due to the nature of the survivability of CVD events, and the relation of survival

with cost, costs of events were weighted. In the REGARDS study, death from a CVD
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event was defined as death within 1 month (28 days) of the event. Although a negligible
proportion of REGARDS participants who had an incident stroke died as a result of that
stroke, almost 40% of those participants who had an incident M1 died as a result of the
MI (Table 4). Deaths from MI were further stratified by whether the participant received
treatment at the hospital before subsequently dying, or if they died from MI away from
the hospital. The rationale for this place of death distinction is that since the vast majority
of healthcare costs to treat MI are acute in nature, those who did not reach the hospital to
receive treatment would have incurred effectively no cost. Non-fatal M1 cost data were
derived from Medicare Expenditure Panel Survey data by Kilgore et al, and reflect the
incremental increase in healthcare costs due to Ml for a period of 6 months post-MI. Cost
data for fatal MIs among participants who died in hospital were obtained from Medicare
Provider Charge Data, as these are more reflective of acute costs within 1 month of an
M. Codes included 280, 281, and 282 and were weighted by prevalence. Costs for fatal
MIs among participants who died away from hospital were assumed to be a very

conservative estimate of zero.

Table 4. Calculation of Weighted Cost per M1l in REGARDS study population

5 .
% of Mis in Cost per Ml
each category
Non-Fatal Ml 62.4% $38,370.00
i 1 I 0
Eatal M D!ed in Hospital _ 13.6% $37,248.28
Died away from Hospital 24.0% $ -

Total Weighted Cost per M1 $28,998.35
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Data for the cost of stroke came from Medicare Provider Charge Data
($37,517.60 per stroke). Codes included 064, 065, and 066 and were weighted by
prevalence.

Medicare Provider Charge Data for both M1 and stroke came from fiscal year
2011 (the most recent available at this time). Medicare Expenditure Panel Survey data

utilized by Kilgore et al spanned 2000-2010.

Applying Cost-per-Event to Kaplan-Meier Analyses

Using the aforementioned weighted costs per event, the number of events in each
strata of southern dietary pattern adherence was multiplied by their respective costs. The
MI-related cost associated with high adherence exceeded that of the low adherence group
by $4,049,768.39 over this time period in the whole population, i.e. $76.74 per person
year. The stroke-related cost associated with high adherence exceeded that of the low
adherence group by $2,450,769.60 over this time period in the whole population, i.e.
$46.51 per person year.

When adding together the cost disparities related to southern dietary adherence
for both M1 and stroke, costs associated with high adherence exceeded those of the low
adherence group by $6,510,517.99 over this time period in the whole population, i.e.

$123.25 per person year.

Implications
In the REGARDS study population, we see that high adherence to the southern

dietary pattern was associated with $123.25 in excess healthcare costs related to incident
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CVD alone. Although this may seem like a small figure, given the almost 122M
Americans in the same age range as the REGARDS study cohort (45 years and older)*®,
the potential healthcare cost savings related to dietary improvements may be quite
substantial.

In these analyses healthcare costs due to MI were weighted to account for
differences in costs between fatal and non-fatal MI, as well as the significant cost
differences between fatal MI in hospital vs. away from hospital. If M1 deaths away from

hospital partially result from disparities in access to care'*°

, then as such disparities are
being addressed costs may be expected to increase. In the REGARDS population, for
example, had all those participants who died from MI away from hospital been treated in
hospital, the weighted cost per MI would have increased by 31%. In light of such

considerations, as well as our findings, it may well be prudent to incorporate dietary

interventions as a preventive measure to curb these costs.
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CHAPTER 6: SUPPLEMENTAL MATERIALS AND EXPANDED FINDINGS

Added Sugars in the Diet are Positively Associated with Diastolic Blood Pressure

and Triglycerides in Children

Supplemental tables and calculations appear on following pages
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Supplemental Table 1. Regression analyses of diastolic and systolic blood pressures vs.
added sugars and dietary sodium, run separately*?*

Diastolic Blood Pressure Systolic Blood Pressure
b Coeff. 95% ClI b Coeff. 95% ClI
Added Sugars (g/d) 0.0206  0.0004,0.0409 0.0126  -0.0226, 0.0478
Dietary Sodium (mg/d) -0.0009 -0.0019, 0.0001 -0.0001 -0.0018, 0.0015

1. Models were linear regressions with statistically significant associations where 95%
Confidence Intervals do not cross zero.

2. All analyses controlled for the following covariates: sex, race/ethnicity (dummy
coded), socioeconomic status, Tanner pubertal status, body fat percentage, total physical
activity, and total energy intake.

3. In the above models, the sample size for which all variables were available was n=220.



Supplemental Table 2. Regression analyses of blood lipids/lipoproteins vs. added sugars and dietary fat, run separately*?>

Total Cholesterol Triglycerides LDL Cholesterol HDL Cholesterol

b Coeff. 95% CI b Coeff. 95% CI b Coeff. 95% CI b Coeff. 95% CI
Added Sugars (g/d) 0.0276  -0.0758, 0.1310 0.1090  0.0169, 0.2011 0.0318  -0.0668, 0.1304 -0.0127 -0.0546, 0.0293
Dietary Fat (g/d) 0.1087  -0.1732,0.3906 -0.1351 -0.3781,0.1079 0.0769  -0.1921,0.3459 0.0496  -0.0651, 0.1642

1. Models were linear regressions with statistically significant associations where 95% Confidence Intervals do not cross zero.

2. All analyses controlled for the following covariates: sex, race/ethnicity (dummy coded), socioeconomic status, Tanner pubertal
status, body fat percentage, total physical activity, and total energy intake.

3. In the above models, the sample size for which all variables were available was n=210.

SOT
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Derivation of added sugars recommendations for 7-12 year old children

For the lower value, i.e. 129 added sugars/day:

In the table of discretionary calorie allowance from the American Heart Association (1),
(Table 3. Discretionary Calories Allowance and Examples of How These Calories May
Be Divided Between Solid Fats and Added Sugars on the Basis of the US Department of
Agriculture Food Guide), 12g added sugars/day came from the 1600 calorie/day category
due to the table footnote:

The discretionary calorie allowance suggested for the 1600-calorie level is lower
than the 1400-calorie pattern because it traditionally represents a calorie
recommendation for young children (4 to 8 years of age). To accommodate all of
the food groups to meet nutrient requirements for this age group, fewer calories
are available for discretionary calorie allowance.

Given that the youngest children in our study population fell within this age range (7
years old), the 12g added sugars/day served as the lower end of the added calorie
recommendation for our age range.

For the upper value, i.e. 329 added sugars/day:

The upper range of 32g added sugars/day came from the same recommendation table (1),
(Table 3. Discretionary Calories Allowance and Examples of How These Calories May
Be Divided Between Solid Fats and Added Sugars on the Basis of the US Department of
Agriculture Food Guide), assuming a calorie consumption of 2000 calories/day for
moderately active boys in the 9-13 year old age range (1800 calories/day for sedentary
boys plus 200 calories/day for the upper end of moderately active). This daily calorie
amount was derived from recommendations from the American Heart Association and
can be found online at:

http://www.heart.org/HEARTORG/GettingHealthy/NutritionCenter/Dietary-
Recommendations-for-Healthy-Children_ UCM _303886_Atrticle.jsp

1. Johnson R, Appel L, Brands M, Howard B, Lefevre M, Lustig R, Sacks F, Steffen
L, Wylie-Rosett J, American Heart Association Nutrition Committee of the
Council on Nutrition PA, et al. Dietary sugars intake and cardiovascular health: a
scientific statement from the American Heart Association. Circulation
2009;120(11):1011-20. doi: 10.1161/CIRCULATIONAHA.109.192627.
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Expanded Findings

In the study examining the relationships between added sugars in the diet with
blood pressure and lipids/lipoproteins, positive associations were found between added
sugars and diastolic blood pressure as well as triglycerides. The implications and
potential explanations for these relationships were explored in some depth within the
discussion section of the resultant AJCN paper; however, questions relevant to parents
and policy makers alike remain as to the nature of these associations. 1) Is it reasonable
to anticipate from our findings that there exists a threshold of consumption, above which,
added sugars begin to associate with these CVD risk factors? 2) Are the American Heart
Association recommendations for maximum added sugar intake in this age group (12-32
grams/day) and population being followed**, and if so, what is the relationship between
following these guidelines and the aforementioned CVD risk factors?

To address the first question, we scrutinized the findings of the models that
showed significant associations between added sugars and CVD risk factors, i.e. diastolic
blood pressure and triglycerides. Upon examining the residual plots of these models, no
discernable heteroskedasticity was observed. Furthermore, when analyzing the
associations between added sugars and the aforementioned risk factors, not adjusting for
any covariates, there was no reason to suspect a curvilinear relationship or a regression
discontinuity. From a physiological perspective, if one were to suppose that added sugars
would only exert an influence on the outcomes of interest when added sugars exceed a
certain percentage of calories in the diet, then total caloric intake should be significantly
associated with the risk factors of interest. However, total caloric intake was not

associated with diastolic blood pressure in the in the model of added sugars and diastolic
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blood pressure reported previously**?. Furthermore, although total caloric intake was
significantly associated with triglycerides (as one might expect from a fat storage
perspective), when an interaction term of total calories*added sugars is added to this
model to elucidate any potential relationships, total calories falls out of significance. This
dynamic suggests that calories from added sugars are driving the association between
total calories and triglycerides. Given these reasons, there does not appear to be a
threshold at which added sugars either begin or cease to be positively associated with
diastolic blood pressure or triglycerides.

To address the second question, descriptive statistics were run to ascertain what
percentage of the study population was meeting the AHA guidelines for added sugar
consumption for this age range. Less than 13% of the study participants consumed <
32g/day of added sugars, the maximum recommended amount for this population. Given
the disproportionate amounts of children following vs. exceeding these guidelines, a
regression analysis was untenable as the reference group would be so comparatively
small. Furthermore, the average percentage of the diet comprised of added sugars in this
population was just over 15%, more than 50% greater than the maximum dietary
contribution recommended by the WHO, and more than three times greater than the ideal

maximum contribution®,
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Adherence to the USDA Dietary Guidelines for Americans and Associations with

Atherosclerotic Development in the CARDIA Study

Supplemental tables appear on following pages.



Supplemental Table 1. Descriptive statistics of the REGARDS study population (2003-2007), subset with dietary data, and subset with
dietary, CAC/CIMT, and covariate data available (analytic sample)

Valid Dietary Data

Dietary, CAC/CIMT, and Covariate

Entire CARDIA Cohort Available* Data Available (Analytic Sample)**
n=3,549 n=2,652 n=1,937
Age (avg., SE) 45.21(0.06) 45.35(0.07) 45.34(0.08)
Racel? Black 51.56 42.91 41.20
Sex" Female 54.50 56.94 56.01
Birmingham 23.03 24.02 23.75

. 1, Chicago 21.67 25.49 27.83
Field Center™  \rinneapolis 27.41 25,08 2225
Oakland 27.88 25.41 26.17

Numbers are percentages of samples given, unless otherwise denoted

Chi-squared tests were performed for all categorical variables, and Student’s T-test for continuous variables.

1. A significant difference (p<0.05) was observed between the Entire CARDIA cohort and the subsample with valid dietary data,
based upon the percentage of the samples that were in the given category

2. A significant difference (p<0.05) was observed between the Entire CARDIA cohort and the analytic sample, based upon the

percentage of the samples that were in the given category

*From the entire CARDIA cohort, 897 were either missing dietary data altogether or had implausible reported energy intakes (<800 or

>8,000 kcal/d in men and <600 or >6000 kcal/d in women)

**EFrom the subsample with valid dietary data, 715 were either missing values for CAC/CIMT or other covariates

01T



Supplemental Table 2. Sensitivity Analysis: Multivariable regression of HEI-1995 adherence at year 20 (controlling for baseline) vs.
Carotid Intima-Media Thickness (mm) in the CARDIA study population (1985 and 2005, n=1,937), showing all covariates*

Model 2 Model 3 Model 4 Model 5 Fully Adjusted Model
Bcoeff. p-value Pcoeff p-value Pcoeff p-value Pcoeffl p-value Pcoeff p-value

HEI at Y20 -0.0008 0.0143 -0.0007 0.0249 -0.0006 0.0595 -0.0005 0.1035 -0.0005 0.1196
HEI at Baseline -0.0011  0.0023 -0.0010 0.0059 -0.0009 0.0087 -0.0009 0.0141 -0.0008 0.0142
Age 0.0093 <.0001 0.0094 <.0001 0.0092 <.0001 0.0091 <.0001 0.0085 <.0001
Sex (Female) -0.0650 <.0001 -0.0635 <.0001 -0.0680 <.0001 -0.0687 <.0001 -0.0611 <.0001
Race (White) -0.0413 <.0001 -0.0354 <.0001 -0.0275 0.0007 -0.0261 0.0015 -0.0214 0.0103
Center (Birmingham) 0.0244 0.0137 0.0249 0.0122 0.0218 0.0270 0.0202 0.0415 0.0180 0.0673
Center (Chicago) 0.0135 0.1554 0.0131 0.1667 0.0146 0.1209 0.0138 0.1399 0.0148 0.1105
Center (Minneapolis) 0.0610 <.0001 0.0604 <.0001 0.0597 <.0001 0.0580 <.0001 0.0627 <.0001
Education -0.0070 <.0001 -0.0064 <.0001 -0.0050 0.0013 -0.0041 0.0077
Family Income 0.0028 0.0427 0.0026 0.0567 0.0033 0.0155 0.0037 0.0069
Total Energy Intake 0.0000 0.2228 0.0000 0.1083 0.0000 0.1257
BMI (kg/m2) 0.0028 <.0001 0.0030 <.0001 0.0021 0.0002
Physical Activity 0.0017 0.6191 0.0026  0.4433
Former Smoker 0.0044 0.6279 0.0054 0.5502
Current Smoker 0.0435 <.0001 0.0423 <.0001
Drinker -0.0112  0.2157 -0.0119 0.1848
History of Hypertension 0.0456 <.0001
History of Dyslipidemia 0.0095  0.2407
History of Diabetes 0.0257  0.0437

*All covariates are values at Year 20 unless otherwise indicated. History of listed conditions includes incidence of conditions anytime
between baseline and Year 20. Model 1 is the unadjusted model shown in Table 2.
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The reference category for sex was male, for race was black, for center was Oakland, for smoking status was non-smoker, and for
drinking was non-drinker.
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Supplemental Table 3. Sensitivity Analysis: Multivariable regression of HEI-1995 adherence for baseline minus year 20 vs. Carotid
Intima-Media Thickness (mm) in the CARDIA study population (1985 and 2005, n=1,937), showing all covariates*

Model 2 Model 3 Model 4 Model 5 Fully Adjusted Model
Bcoeff. p-value Pcoeff p-value Pcoeff p-value Pcoeffl p-value Pcoeff p-value

HEI at Y20 - Baseline 0.0000 0.8817 0.0000 0.8817 0.0000 0.7585 0.0001 0.6915 0.0001 0.6541
Age 0.0089 <.0001 0.0089 <.0001 0.0089 <.0001 0.0088 <.0001 0.0082 <.0001
Sex (Female) -0.0754 <.0001 -0.0754 <.0001 -0.0766 <.0001 -0.0768 <.0001 -0.0693 <.0001
Race (White) -0.0501 <.0001 -0.0501 <.0001 -0.0324 <.0001 -0.0309 0.0001 -0.0259 0.0017
Center (Birmingham) 0.0318 0.0012 0.0318 0.0012 0.0270 0.0058 0.0249 0.0114 0.0226 0.0207
Center (Chicago) 0.0197 0.0366 0.0197 0.0366 0.0193 0.0390 0.0180 0.0522 0.0189  0.0400
Center (Minneapolis) 0.0662 <.0001 0.0662 <.0001 0.0629 <.0001 0.0607 <.0001 0.0653 <.0001
Education -0.0076 <.0001 -0.0069 <.0001 -0.0054 0.0005 -0.0045 0.0037
Family Income 0.0023 0.0870 0.0022 0.1048 0.0030 0.0270 0.0034 0.0125
Total Energy Intake 0.0000 0.2229 0.0000 0.1040 0.0000 0.1214
BMI (kg/m2) 0.0029 <.0001 0.0031 <.0001 0.0022 0.0001
Physical Activity 0.0010 0.7788 0.0019 0.5781
Former Smoker 0.0063 0.4848 0.0073 0.4169
Current Smoker 0.0464 <.0001 0.0452 <.0001
Drinker -0.0117 0.1942 -0.0124  0.1657
History of Hypertension 0.0457 <.0001
History of Dyslipidemia 0.0090 0.2697
History of Diabetes 0.0270  0.0343

*All covariates are values at Year 20 unless otherwise indicated. History of listed conditions includes incidence of conditions anytime
between baseline and Year 20. Model 1 is the unadjusted model shown in Table 2.

The reference category for sex was male, for race was black, for center was Oakland, for smoking status was non-smoker, and for
drinking was non-drinker.
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Supplemental Table 4. Sensitivity Analysis: Multivariable logistic regression of HEI-1995 adherence at year 20 (controlling for
baseline) vs. Coronary Artery Calcification (Agatson 1 vs. 0) in the CARDIA study population (1985 and 2005, n=1,937), showing all
covariates*. Odds ratios and 95% confidence intervals presented

Model 2 Model 3 Model 4 Model 5 Fully Adjusted Model
Point Est. 95% CI Point Est. 95% CI Point Est. 95% CI Point Est. 95% CI Point Est. 95% CI

HEI at Baseline 1.00 0.99, 1.01 1.00 0.99, 1.02 1.00 0.99, 1.02 1.01 0.99, 1.02 1.01 0.99, 1.02
HEI at Y20 0.99 0.98, 1.00 0.99 0.98, 1.00 1.00 0.98, 1.01 1.00 0.99, 1.01 1.00 0.99, 1.01
Age 1.11 1.07,1.15 1.12 1.08,1.16 1.12 1.08, 1.16 1.12 1.07,1.16 1.11 1.07,1.15
Sex (Female) 0.33 0.26, 0.43 0.32 0.25,0.41 0.30 0.23,0.40 0.29 0.22,0.39 0.37 0.27,0.51
Race (White) 1.01 0.78, 1.31 1.23 0.93, 1.62 1.38 1.04, 1.83 1.38 1.03, 1.85 1.36 1.01, 1.83
Center (Birmingham) 1.07 0.75, 1.51 1.010.71, 1.44 0.96 0.67, 1.38 0.96 0.67, 1.38 0.93 0.64, 1.33
Center (Chicago) 1.250.90, 1.74 1.230.88,1.71 1.250.89, 1.74 1.24 0.89, 1.74 1.27 0.91, 1.79
Center (Minneapolis) 1.24 0.88, 1.76 1.14 0.80, 1.62 1.11 0.78, 1.59 1.08 0.76, 1.56 1.15 0.80, 1.66
Education 0.92 0.88, 0.97 0.93 0.88, 0.98 0.95 0.90, 1.00 0.96 0.91, 1.02
Family Income 0.97 0.93, 1.02 0.97 0.93, 1.02 0.98 0.94, 1.03 0.99 0.94,1.04
Total Energy Intake 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
BMI (kg/m2) 1.05 1.03, 1.08 1.06 1.04, 1.08 1.04 1.02, 1.07
Physical Activity 0.97 0.86, 1.10 0.98 0.87, 1.11
Former Smoker 1.07 0.78, 1.48 1.08 0.78, 1.50
Current Smoker 2.07 1.49, 2.86 1.971.42,2.73
Drinker 1.02 0.74, 1.40 1.02 0.74,1.41
History of Hypertension 1.56 1.18, 2.06
History of Dyslipidemia 1.58 1.18, 2.13
History of Diabetes 1.24 0.82, 1.86

*All covariates are values at Year 20 unless otherwise indicated. History of listed conditions includes incidence of conditions anytime
between baseline and Year 20. Model 1 is the unadjusted model shown in Table 3.
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The reference category for sex was male, for race was black, for center was Oakland, for smoking status was non-smoker, and for
drinking was non-drinker.
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Supplemental Table 5. Sensitivity Analysis: Multivariable logistic regression of HEI-1995 adherence for baseline minus year 20 vs.
Coronary Artery Calcification (Agatson 1 vs. 0) in the CARDIA study population (1985 and 2005, n=1,937), showing all covariates*.
Odds ratios and 95% confidence intervals presented.

Model 2 Model 3 Model 4 Model 5 Fully Adjusted Model
Point Est. 95% CI Point Est. 95% CI Point Est. 95% CI Point Est. 95% CI Point Est. 95% CI

HEI at Y20 - Baseline 0.99 0.99, 1.00 1.00 0.99, 1.00 1.00 0.99, 1.01 1.00 0.99, 1.01 1.00 0.99, 1.01
Age 1.111.07,1.15 1.12 1.08, 1.16 112 1.08,1.16 1.12 1.08, 1.16 1.111.07,1.15
Sex (Female) 0.32 0.25, 0.40 0.31 0.24,0.40 0.30 0.23,0.39 0.29 0.23,0.39 0.38 0.28, 0.51
Race (White) 0.98 0.76, 1.25 1.21 0.92, 1.59 1.38 1.04, 1.83 1.39 1.04, 1.85 1.36 1.02, 1.83
Center (Birmingham) 1.10 0.78, 1.56 1.03 0.72, 1.46 0.97 0.68, 1.37 0.95 0.66, 1.36 0.92 0.64, 1.32
Center (Chicago) 1.29 0.93, 1.79 1.250.90, 1.73 1.250.90, 1.74 1.230.88, 1.72 1.26 0.90, 1.77
Center (Minneapolis) 1.27 0.90, 1.79 1.150.81, 1.64 1.12 0.78, 1.59 1.08 0.75, 1.55 1.150.80, 1.65
Education 0.92 0.88, 0.97 0.93 0.88, 0.98 0.950.90, 1.01 0.97 0.91, 1.02
Family Income 0.97 0.93, 1.02 0.97 0.93, 1.02 0.98 0.94, 1.03 0.99 0.94, 1.04
Total Energy Intake 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
BMI (kg/m2) 1.06 1.03, 1.08 1.06 1.04, 1.08 1.04 1.02, 1.07
Physical Activity 0.97 0.86, 1.10 0.98 0.87,1.11
Former Smoker 1.07 0.77, 1.47 1.08 0.78, 1.49
Current Smoker 2.06 1.49, 2.84 1.96 141, 2.72
Drinker 1.02 0.74, 1.40 1.02 0.74,1.41
History of Hypertension 1.56 1.18, 2.06
History of Dyslipidemia 1.58 1.18, 2.13
History of Diabetes 1.23 0.82, 1.85

*All covariates are values at Year 20 unless otherwise indicated. History of listed conditions includes incidence of conditions anytime
between baseline and Year 20. Model 1 is the unadjusted model shown in Table 3.
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The reference category for sex was male, for race was black, for center was Oakland, for smoking status was non-smoker, and for
drinking was non-drinker.
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Associations Between Socioeconomic Status and Dietary Patterns in US Black and

White Adults

Supplemental tables appear on following pages.
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Supplemental Table 1. Final factor loadings for food/beverage items derived in the entire
REGARDS population (showing only those with absolute values > 0.15 for simplicity)

Convenience Plant-  Sweets/ Southern Alcohol/
based Fats Salads

100% fruit juice 0.2529 0.1663  -0.1716
Added fats 0.3953 0.3752 0.2533
Beans 0.3555 0.3762
Beer -0.1598 0.2271
Bread 0.4708 0.3656
Bread - Whole Grain 0.3025 0.1804
Butter 0.1721 0.3230
Candy 0.4023
Cereal 0.3804 -0.1982
Cereal - High Fiber 0.2366 -0.2546
Chinese food 0.4373
Chocolate 0.4564
Coffee 0.2171  -0.1630 0.2964
Condiments 0.2458 0.3081 0.2887
Desserts 0.1974 0.5340 -0.1666
Eggs and egg dishes 0.4161 0.2911
Fish 0.2666 0.3810 0.2099
Fried food 0.2428 0.5598
Fried potatoes 0.3705 0.2759 0.1649
Fruit 0.5754
Highfat dairy 0.1777 0.3727 0.2143
Liquor 0.3104
Lowfat dairy 0.1998 -0.1865
Margarine 0.3737
Mexican dishes 0.4846
Milk alternatives 0.1771
Milk - Highfat 0.1829 0.2441
Milk - Lowfat 0.1649 -0.4170
Miscellaneous sugar 0.5377 0.1890
Mixed dishes with 0.6136
meat
Organ meat 0.1736 0.4719
Pasta dishes 0.5937 0.1660
Pizza 0.4547 -0.1765 0.2046
Potatoes 0.3649 0.2616
Poultry 0.2863 0.3149
Processed meats 0.2526 0.2575 0.4476 0.2160
Red meat 0.4476 0.1755 0.2562 0.2593
Refined grains 0.3050 0.1736 0.2044 0.2038
Salad dressing/sauces 0.3042 0.5508
Salty snacks 0.3239 0.3040
Seeds, nuts 0.2646  0.1907 0.1858



Shell fish

Soda

Soup
Sugar-sweetened
beverages

Sweet breakfast foods
Tea

Vegetable -
cruciferous
Vegetable - dark
yellow

Vegetable - green
leafy

Vegetable - other
Vegetable - tomato
Vegetable mixed
dishes

Water

Wine

Yogurt

0.2755

0.4388

0.1881

0.1572

0.3533

-0.2265
0.3172

0.5881

0.4068

0.4936

0.4795
0.3172

0.3064
0.3168

0.3140

0.2282
0.2366
0.3669
0.3853
0.3105
-0.2193
-0.2470

0.2403

-0.1528

-0.1732

0.4760

0.2674
-0.2530

0.3618
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Supplemental Table 2. Descriptive statistics of the REGARDS study population (2003-2007), subset with dietary data, and subset with
dietary and SES data (analytic sample)

Entire Dietarv Data Dietary & SES Data
REGARDS ry Available (Analytic
Available*
Cohort Sample)

n=30,183 n=21,636 n=17,062
Age (avg., std. dev.) 64.8 (9.4) 64.9 (9.3) 64.7 (9.3)
Race’ Black 41.5% 33.6% 34.6%
Sex Female 55.1% 55.9% 54.4%
Stroke Belt 34.6% 34.4% 33.9%
Region? Buckle 20.9% 21.9% 21.3%
Non-Stroke Belt 44.5% 43.8% 44.8%

1. Asignificant difference (p<0.05) was observed in the percentage of the samples that were black between both the entire REGARDS
cohort and the sample with dietary data available, and also between the entire REGARDS cohort and the sample with both dietary and

SES data available.
2. A significant difference (p<0.05) was observed in the percentage of the samples residing in the designated regions between only the

entire REGARDS cohort and the sample with dietary data available.

*From the entire REGARDS cohort, 8,546 were either missing FFQ data altogether, had more than 15% missing data on the FFQ, or
had implausible reported energy intakes (<3,347 or >20,920 kJ/d in men and <2,092 or >18,828 kJ/d in women)

Chi-squared tests were performed for all categorical variables, and Student’s T-test for continuous variables.
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Supplemental Table 3. Logistic regression of dietary patterns vs. SES indicators in the REGARDS study population (2003-2007,

n=16,666)
Convenience Plant-based Sweets/Fats Southern Alcohol/Salads
Household Income
<$20K Ref Ref Ref Ref Ref
$20K-$34K 0.97 (0.88,1.07) 0.92(0.83,1.02) 0.98(0.89, 1.08) 0.79 (0.7, 0.88) 1.38 (1.25, 1.53)
$35K-$74K 1.01(0.92,1.12) 0.96 (0.87,1.07) 0.98 (0.89, 1.09) 0.66 (0.59, 0.73) 1.81 (1.63, 2.02)
$75k+ 1.14 (1.01,1.29) 0.96 (0.85,1.08) 0.73(0.65, 0.82) 0.52 (0.45, 0.59) 2.70 (2.38, 3.07)
Personal Education
<High school Ref Ref Ref Ref Ref
High school 1.12(0.98,1.27) 1.11(0.98,1.25) 0.96 (0.85, 1.08) 0.81 (0.7, 0.93) 1.25(1.09, 1.42)
Some college 1.14 (1.00, 1.30) 1.23(1.08,1.39)  0.92(0.81, 1.04) 0.66 (0.57, 0.77) 1.42 (1.24, 1.62)
College+ 1.30 (1.14,1.48) 1.67 (1.46,1.90) 0.80(0.71,0.91)  0.49(0.43,0.57)  1.71(1.49, 1.96)
Community SES*
Quartile 1 Ref Ref Ref Ref Ref
Quartile 2 1.09 (1.00, 1.20) 1.12(1.03,1.23) 0.96 (0.88, 1.05) 0.76 (0.69, 0.84) 1.29 (1.17, 1.41)
Quiartile 3 1.22(1.11,1.34) 1.16(1.06,1.27) 0.88 (0.8, 0.96) 0.57 (0.51, 0.63) 1.51 (1.37, 1.66)
Quartile 4 1.29(1.17,1.43) 1.40(1.27,1.55) 0.64 (0.58, 0.71) 0.40 (0.36, 0.45) 2.19 (1.98, 2.43)

1. Community SES z-scores were obtained using the 6-component method developed by Anna Diez-Roux, then stratified into

quartiles. Components included: median household income, median value of housing units, percentage of households with interest,

dividend, or rental income, percentage of adults who completed high school, percentage of adults who completed college, and

percentage of residents employed in executive, managerial, or professional occupations

*Effects differ statistically by race (p-value < 0.05); see Table 4. Odds ratios and confidence intervals are given where p-values not

indicated.

Covariates for income models include: age, sex, race, smoking status, BMI category, hours of screen time (a proxy for physical

inactivity), region, and education; Covariates for education models include: age, sex, race, smoking status, BMI category, hours of

screen time (a proxy for physical inactivity), region, and income; Covariates for community SES models include age, sex, race,
smoking status, BMI category, hours of screen time (a proxy for physical inactivity), and region

(AAS



Supplemental Table 4. Logistic regressions of dietary patterns vs. SES indicators by race: High vs. low SES indicator and adherence

to dietary patterns in the REGARDS study population (2003-2007, n=16,666)

Convenience

Plant-based

Sweets/Fats

Southern

Alcohol/Salads

Household Income Black

($75K+ vs. <$20K) White
(Pinteraction iN overall model)

Individual Education Black

(College+ vs. <High School) White
(Pinteraction iN overall model)

1.13(0.91, 1.42)
1.15 (0.98, 1.35)
0.6262

1.13 (0.92, 1.38)
1.45 (1.21, 1.74)
0.1388

1.04 (0.83, 1.30)
0.92 (0.79, 1.08)
0.6083

1.35 (1.11, 1.63)
1.96 (1.63, 2.36)
0.0007*

0.82 (0.66, 1.03)
0.71 (0.61, 0.82)
0.3855

0.94 (0.78, 1.13)
0.72 (0.60, 0.86)
0.0454*

0.54 (0.42, 0.69)
0.52 (0.44, 0.61)
0.3633

0.43 (0.34, 0.55)
0.53 (0.44, 0.64)
0.6756

2.01 (1.60, 2.53)
3.11 (2.65, 3.64)
0.0296*

1.58 (1.28, 1.95)
1.80 (1.50, 2.16)
0.1012

YA
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CHAPTER 7: SUMMARY AND CONCLUSIONS

Cardiovascular Disease (CVD): History, Prevalence, and Impact
CVD is the number one cause of death both in the United States (US) and
internationally’. This is not a recent ranking in the US, as this condition has been the

1 °. Mortality aside,

leading cause of death among Americans since just after World War
it is anticipated that CVD prevalence will rise over the coming years, with 40.5% of
Americans expected to have at least one manifestation of CVD by 2030, This
overwhelming morbidity associated with CVD has equally overwhelming financial
implications. By 2030, the direct medical costs associated with stroke, coronary heart
disease, and heart failure are projected to exceed $275 billion, more than triple the 2010

estimates*2. Given these and other ramifications of the burden of CVD, it is of paramount

importance to identify effective and low-cost methods to curb the tide of CVD.

CVD: Treatment & Prevention
Attempts to prevent the development and/or progression of CVD have typically
included the use of medications aimed at addressing risk factors, (e.g. statins,

%% These drugs, however, do

antihypertensives, antiarrythmics, and antithrombotics
not come without cost and potential complications. Furthermore, the efficacy of all of
these drugs for the primary prevention of CVD has not been conclusively shown. Statins,
for example, are strongly recommended for secondary prevention (i.e. prevention of
another CVD event), but controversy remains whether they are able to prevent Ml/stroke

in otherwise low-risk people .
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If pharmaceutical interventions are unable to prevent the progression of CVD,
then surgical interventions for CVD can serve as a last resort for the treatment of severe
atherosclerosis and CVD events. Such treatments oftentimes occur after the onset of
symptoms such as angina, and many times are used to mitigate the risk of future events
after a patient has already experienced a stroke or MI°* >, Needless to say, surgery does
not serve as a modality for primary prevention of atherosclerotic CVD, and comes with a
substantive battery of costs and risks for complications.

Due to their much lower costs and risks for complications, lifestyle interventions,
such as diet, could ideally be pursued as the first line of treatment. Although some risk
factors for CVD cannot be altered, e.g. age, sex, genetics, it has been estimated that up to
90% of CVD event risk may be attributable to modifiable risk factors in some US
populations, with a majority of these being diet-related®. It is inescapably clear that a
large portion of the modifiable risk factors for CVD are influenced, at least in part, by
one’s diet’?. Our understanding of the extent and manner in which diet influences these
risk factors, however, leaves much to be desired.

If demonstrated to be effective, evidence-based dietary changes may represent a
lower cost alternative that can be implemented early in the etiology of CVD. Thus far,
some dietary interventions have demonstrated promise in improving CVD risk factors

and outcomes "8

, and a number of association studies have shown relationships
between diet and CVD "**". For example, a recent randomized controlled trial (RCT)
with high-CVD risk adult participants experienced great success using the Mediterranean
diet in reducing the rate of major CVD events. As compared with the control diet,

multivariable-adjusted hazard ratios were 0.70 (95% CI: 0.54, 0.92) for the group
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receiving the Mediterranean diet with olive oil, and 0.72 (95% CI: 0.54, 0.96) for the
group receiving the Mediterranean diet with nuts "°. The association between diet and
CVD has also been recognized by the American College of Cardiology and American
Heart Association in their 2013 guidelines, as they emphasize the use of diet to control

blood pressure and lipids .

Diet and CVD: Methods and previous findings

Although RCTs are considered the gold standard for establishing causality**®,
such trials have a number of limitations when it comes to the study of diet and CVD.
Since CVD takes many decades to transition from the most elemental and undetectable
(currently) stages to a fatal M1 or debilitating stroke, a comprehensive study of diet and
CVD would need to take place over the lifespan. Such as study would be infeasible to
conduct using the RCT framework due to its prohibitively high cost, the difficulty of
maintaining control of variables for such a long period of time, and the almost certain
impossibility of obtaining IRB approval. Therefore, in order to get a lifespan perspective,
researchers have historically looked to longitudinal studies of lifestyle and CVD.

Perhaps the most famous of these studies is the Framingham Heart Study®. This
and studies like it have yielded invaluable contributions to our understanding of the risk
factors for CVD; however, these studies have two main drawbacks at this point in time.
First, there has yet to be a study that has followed participants from birth to death,
assessing the associations between diet and CVD along the way. Second, the largest and

most long-running of the longitudinal studies in the US have used either exclusively or

predominantly white individuals®® ** . Given the diverse racial landscape of the US**,
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findings generated from such racially homogenous samples cannot be readily applied to
the US population at large.

Taking the limitations of the extant literature on diet and CVD into account, this
dissertation has sought to augment the literature in this arena by taking a lifespan focus to
the component manuscripts, using study data that were collected from racially diverse
populations. Reflective of the lifespan focus, the manuscripts have looked at the
relationships between diet and risk factors for CVD early in the lifespan (Paper 1), diet
and atherosclerosis in middle age (Paper 2), and the associations between SES and
dietary pattern adherence (previously shown to be associated with M1%?) in older
populations (Paper 3). Reflective of the unique contributions that each method of dietary
evaluation adds to our understanding of the relationship between diet and CVD, diet was
evaluated as a single food component (added sugars), a score on a predetermined index

(Healthy Eating Index), and as a statistically derived dietary pattern.

Association of Added Sugars with Blood Pressure and Lipids/Lipoproteins

Impetus for the Study

Dietary interventions for hypertension and dyslipidemia have traditionally
included decreasing one’s intake of sodium and dietary fats *°* 1%: however, added
sugars in the diet have recently been associated with these conditions in select age
groups'®*. In particular, associations have been observed between added sugars in
various form and blood pressure/lipids/lipoproteins in both adults and older adolescents

104-107, 109, 110- ho\vever, added sugars as a whole (not just from SSB) have not been
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examined for their potential association with blood pressure and blood lipids in children

108

Results and Implications

In this study we found positive associations between added sugars in the diets of
children and diastolic blood pressure, as well as plasma triglyceride levels. Although the
beta coefficients for these relationships were not extremely large, given the very young
age of this population, and the fact that CVD begins so early in the lifespan, these
insights into potential dietary modifications to forestall CVD progression in children
warrant attention. If the average intake of added sugar in children’s diets was
insignificant, or at least fell within existing federal and international recommendations,
then these findings may have only been insightful for a small subset of the population.
However, as it currently stands, almost 20% of calories in children’s diets come from
added sugars ***, almost twice the WHO’s recommendation of a 10% maximum, and
almost four times the ideal threshold of sugar consumption™. Examining added sugars is
especially timely given the FDA’s move to change the nutrition label to include added

sugars as a subset of total sugars > .

Adherence to the USDA Dietary Guidelines for Americans and Associations with

Atherosclerotic Development in the CARDIA Study

Impetus for the Study
The Healthy Eating Index (HEI) was developed by the USDA’s Center for

Nutrition Policy and Promotion to assess adherence to the USDA Dietary Guidelines for
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117,121 and

Americans. Some studies have shown negative associations between HEI score
CVD risk/incidence '2*'#*, However, these associations have not been examined in a
diverse population using atherosclerosis as the outcome of interest (especially as assessed
by coronary artery calcification (CAC) or carotid intima-media thickness (CIMT) %)
Furthermore, as these markers typically precede CVD events by at least a few years,
examining the associations between these markers and HEI adherence will allow the
development of more effective nutrition policy for preventing and/or slowing the

progression of CVD, even in later stages of the etiology of CVD *°.

Results and Implications

From our analyses we found that higher HEI scores at Y20, controlling for
baseline HEI, were associated with smaller CIMT and lower odds of exhibiting CAC.
These associations were not robust to the addition of CVD-related covariates.
Furthermore, when assessing change in HEI score from baseline to Y20 (i.e. Y20 minus
baseline), no significant associations were found with either CIMT or CAC. These results
suggest that, at least in this population, at the given time points and other considerations,
that neither one’s adherence to the USDA dietary guidelines, nor one’s improved

adherence, appear to be related to atherosclerosis.
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Associations Between Socioeconomic Status and Dietary Patterns in US Black and White

Adults

Impetus for the Study

Studies investigating the associations between diet and SES have analyzed diet as
individual nutrients, groupings of nutrients, and dietary indices **"***. However, limited
research has been conducted on how SES may impact statistically derived dietary
patterns, especially in older populations. In the REGARDS study cohort, adherence to
dietary patterns has recently been demonstrated to be associated with incident CVD
events®. Given these associations with CVD, understanding how SES may impact
individuals’ adherence to such dietary patterns is of substantive interest.
Results and Implications

We found adherence to many of these dietary patterns to be related to one’s
income, education, and community SES, with some of these relationships differing
significantly by race. Although the magnitude of the association between SES and dietary
pattern adherence differed among measures of SES, there were not any instances where a
given measure of SES was positively associated with adherence to a pattern, but a
different measure of SES was negatively associated with the same pattern. Similarly,
although magnitude of the association between SES and adherence to some patterns
differed between races, this association was always in the same direction for both races.

Despite the somewhat descriptive nature of these study results, the implications
for these findings are noteworthy. Due to the significant associations between SES and
CVD-related dietary patterns, efforts to modify individuals’ eating behaviors need to take

into account their SES (and race) both when designing interventions, and when
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interpreting the findings of said interventions. For example, if an intervention were put in
place to increase participants’ consumption of vegetables, and the post-intervention
results were extremely positive, yet the researchers neglected to control for the fact that
the population was all high SES and already had a high consumption of vegetables at
baseline, this omitted variable bias would cause an overestimation of the effect of the
intervention. Conversely, if a similar intervention were carried out in a low SES
population, with the results showing that participants were eating less than the
recommended servings of vegetables, by neglecting to account for the low SES of the
population, the effect of this intervention might be significantly underestimated.

By examining diet as a statistically derived dietary pattern, we are able to yield
insights that may have gone undetected had diet been evaluated another way. When
looking across dietary patterns, we may see that several patterns share certain foods in
common. Identifying such foods, especially ones that are deleterious to one’s health,
presents the opportunity to identify “low hanging fruit” that can be targeted in dietary
interventions and recommendations to maximize efforts at dietary improvements.
Additionally, evaluating diet as a pattern may yield insights into the underlying reasons
and motivations for diet selection. The convenience pattern, for example, includes a
number of foods that typify a diet focused on quick and easy foods. This insight can
enable targeted dietary interventions that are designed for individuals who strongly

adhere to this pattern by offering healthier alternatives that are still convenient.
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Final Thoughts

The objective of this dissertation was to evaluate the associations between diet
and CVD: 1) in diverse populations 2) over stages of the life course 3) reflexive of the
etiology of CVD 4) using various methods of defining diet 5) while examining how
socioeconomic status may impact diet selection, and 6) considering how diet-mediated
CVD may impact healthcare costs. The preceding chapters have laid out in great detail
the studies that were undertaken to evaluate the aforementioned associations. We feel that
the studies contained herein contribute to the broader work of nutritional epidemiology,
as well as our corporate understanding of the manifold ways in which diet is interwoven
with such themes as policy, sociology, economics, and medicine. Our recognition of
diet’s intermingling with myriad aspects of science and society is only appropriate, for
when we look deeper into the past, we rediscover that diet, or diaita, in the original

Greek, at its essence meant a “way of living”.
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