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University of Washington
ABSTRACT
Characterizing Dietary Exposure to Organophosphate Pesticides, Incorporating Organic Food
Consumption, for Use in Epidemiological Research
Cynthia Leigh Curl
Chair of the Supervisory Committee:
Professor Joel D. Kaufman

Departments of Environmental and Occupational Health Sciences,
Epidemiology and Medicine

Concern exists about the potential for low-level exposure to organophosphate pesticides (OPs) to
lead to neurological and cognitive health effects. OPs are the most widely used insecticides in
American agricultural, and diet is thought to be the primary route by which the general public is
exposed to OPs. The United States Department of Agriculture permits food to be certified
“organic” when grown according to specific regulations, including prohibitions on the use of
most synthetic pesticides. While organic food consumption is known to reduce exposure to OPs,
health benefits from choosing organic food have not been demonstrated. We aimed to develop a
novel method to assess long-term dietary OP exposure, designed to avoid many of the limitations
of the existing methods of OP exposure assessment. Using a combination of individual-level
information on dietary intake and national-level data on pesticide residue levels on food items,
we estimated long-term dietary OP exposure in a multi-city, multi-ethnic population of over
4,000 adults. We assessed the face validity of this method by evaluating its comparability with
urinary biomonitoring in a subset of participants. Among individuals with conventional diets,

increasing tertile of estimated dietary OP exposure was associated with higher urinary metabolite



concentrations. We also found that metabolite concentrations were significantly lower in people
reporting more frequent consumption of organic produce. We further aimed to better understand
the individual- and neighborhood-level characteristics associated with organic food consumption.
We observed that women, younger individuals and those with higher education were more likely
to consume organic food, and that neighborhood produce availability was also associated with
organic food consumption. Our third and final aim was to evaluate the association between the
long-term dietary OP exposure we developed and cognitive outcomes, accounting for the
individual- and neighborhood-level variables that were associated with organic food
consumption. We observed a relationship between increasing dietary OP exposure and
decrements in the phonological loop component of working memory as assessed by the Forward
Digit Span Test, but did not find OP exposure to be associated with three other cognitive
endpoints. The results of this study suggest that the new method we have developed to assess
dietary pesticide exposure will be useful in future epidemiological studies of the health effects of

low-level exposure to OPs.
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CHAPTERI. Introduction



Organophosphate Pesticides (OPs)

Organophosphate pesticides (OPs) constitute the most widely used class of insecticides in
the United States. Approximately 33 million pounds of OPs were applied in the US in 2007,
representing more than a third of the country’s total insecticide use.' OPs are applied to a wide
variety of crops including berries, tree fruits, leafy green vegetables, root vegetables,
mushrooms, nuts, grains, melons, beans, squash and many others.? These insecticides are also
registered for a limited number of residential uses, such as roach bait, ant control, and pet and
lice treatments, as well as for public health purposes, including mosquito and fire ant control.
However, agricultural applications dominate total OP usage in the United States.

Collectively, OPs constitute a class of more than 50 chemicals, sharing a common central
structure and a primary biological mechanism that affects the nervous system through inhibition
of cholinesterase.” Although this mechanism of action is common across OPs, individually these
compounds demonstrate a wide range of toxicities. As a group, they have been a focus of
intense regulatory attention due to the frequency of their use and the high level of toxicity of
some individual agents. One of the most significant pieces of pesticide legislation in recent
history, the Food Quality Protection Act of 1996, required the US Environmental Protection
Agency (EPA) to review all pesticide tolerances and to consider the cumulative effects resulting
from exposure to multiple chemicals with a common mechanism of action.” OPs were among
the first group of chemicals targeted under this act, reflecting both concerns about their toxicity
and the central role they play in pest control practices in the US.

In response to this requirement, the EPA’s Office of Pesticide Programs completed a
comprehensive Cumulative Risk Assessment (CRA) for OPs in 2006.% In the years leading up to

the publication of this assessment, the Office of Pesticide Programs reviewed the registration



status of 49 individual OPs and implemented numerous mitigation efforts, including restricting
usages and cancelling the registrations of a number of individual agents. As part of this process,
residential uses of OPs were almost entirely eliminated, most notably through voluntary
cancellations of residential uses of two popular OPs, chlorpyrifos and diazinon. The results of
the CRA, which considered these registration status changes, led the EPA to conclude that diet is
currently the most significant route of OP exposure for non-occupationally exposed individuals,
and that overall there is a reasonable certainty of no harm to the general population or any
sensitive subgroups as a result of OP exposure.

While this assessment was both thorough and extensive, risk assessments are not — and
are not intended to be — direct measures of health effects in a population. Further, cholinesterase
inhibition was the only endpoint considered in the risk assessment, yet other, more subtle health
outcomes may exist. Epidemiological studies, especially those designed to elucidate these subtle
effects, may better evaluate the impact of OP exposure — and particularly long-term dietary

exposure — on human health.

Acute OP Toxicity: Cholinesterase Inhibition

The acute toxicity of OPs, and thus their efficacy as pesticides, stems from their ability to
act as nerve poisons through the inhibition of acetylcholinesterase (AChE).* Acetylcholine
(ACh) transmits nerve signals across the synaptic gap; after the signal has reached its target,
AChE is produced to catalyze the hydrolysis of the remaining ACh. In unexposed individuals,
ACh attaches itself to the hydroxyl group of serine residue 203 at the active center of AChE to
form an enzyme intermediate. Breakdown of this enzyme intermediate results in the hydrolysis
of ACh and regeneration of the enzyme.” OPs inhibit AChE by phosphorylating the same serine

residue, preventing the ACh bond. As a result, ACh accumulates, and the stimulation and



eventual paralysis of the ACh receptors account for the clinical symptoms of acute OP
poisoning, including muscarinic, nicotinic, and nervous system effects.’

The most common manifestations in the parasympathetic nervous system include
salivation, lacrimation, urination, diarrhea, gastrointestinal distress, and emesis. Nicotinic effects
include muscle fasciculation, weakness, and paralysis, and at the autonomic synapses,
hypertension, dilated pupil, and tachycardia. In the central nervous system, headache,
drowsiness, confusion, ataxia, tremor and seizure can result. The ability of OPs to inhibit AChE
is well understood, and this inhibition can be measured at levels well below that required to
observe the health effects described. Toxic symptoms typically do not occur until 40-50%
inhibition, with serious neuromuscular effects demonstrated at 80%.°

This inhibition of AChE, measured either in plasma, red blood cells (RBC) or in the
brain, is the most common outcome measured in animal toxicology studies used to assess risks
associated with exposure to OPs. Numerous studies of the relationship between OP exposure and
cholinesterase inhibition exist in a number of animal models over a variety of timescales, and the
results of such studies demonstrate the wide range of toxic potentials within the OPs.

One method that has been used to compare toxicities across individual OPs is the relative
potency factor (RPF) approach, which employs a common response derived only from studies
using comparable measurement methodologies, species, and sex for all exposure routes of
interest.* As part of the 2006 OP CRA, the EPA used the RPF approach to calculate cumulative
risk, selecting 10% brain cholinesterase inhibition in female rats as the common endpoint. Data
included in this assessment were also required to reflect steady state conditions, in the interest of
producing reproducible RPFs with less uncertainty due to time-sensitive measures.” Figure I.1

shows the RPFs developed as part of the 2006 CRA for the oral route of exposure.



Methamidophos was selected as the reference chemical, and just two compounds are more toxic
(disulfoton and dircrotophos), indicated by RPDs greater than 1. Relative potencies range from
malathion (RPF = 0.0003) to dicrotophos (RPF = 1.91), indicating more than a 6000-fold
difference based on brain cholinesterase inhibition in female rats. This statistic demonstrates the
wide range of toxicities present with the OP class of pesticides, and the RPF methodology

provides a consistent way in which to evaluate these toxicities relative to one another.

Effects of Acute Exposure to OPs

Illness and injury resulting from acute exposure to OPs, and subsequent cholinesterase
inhibition, is well understood. It is also relatively common among agricultural workers. As part
of the National Institute for Occupational Safety and Health’s (NIOSH) effort to monitor risks
from pesticide exposure, the Sentinel Event Notification System for Occupational Risks-
Pesticides program was developed in 1998.° Data from this program from 10 states over the
period of 1998-2005 identified over 3,000 cases of acute pesticide poisonings; the majority of
these poisonings were from cholinesterase inhibitors, particularly the OPs chlorpyrifos,
methamidophos, dimethoate, malathion, and diazinon.

Beyond the immediate impact of OP poisoning, numerous epidemiologic studies have
investigated the long-term sequelae of acute poisoning events. In perhaps the first large scale
study, Savage et al. evaluated lasting neurological effects of OP poisoning in 100 matched-pairs
of individuals with previous acute poisoning and non-poisoned controls.” The mean time
between acute exposure and neuropsychological exam was 9 years. This study found differences
in intellectual function, academic skills, abstraction and flexibility in thinking, and simple motor
skills between these two groups. Another study of poisoned individuals in Nicaragua similarly

compared neuropsychological results in poisoned individuals and a matched control group two



years after the poisoning events.® This study found lasting differences in verbal and visual
attention, visual memory, visuomotor speed, sequencing and problem solving, and motor
steadiness and dexterity, using assessments including the WAIS-R digit span and digit symbol
test and the Trails A test. Later studies of neuropsychological outcomes in migrant farm
workers’, rescue workers in the Tokyo subway sarin attack,'® and banana workers in Costa

.1 o
Rica " showed similar results.

Long-Term, Low-Level OP Toxicity: Non-Cholinergic Mechanisms

Cholinesterase inhibition is the most well-known, and best understood, mechanism by
which OPs exercise toxic effects. However, the level of OP exposure required to result in health
effects associated with AChE inhibition is relatively high, and a number of observations from
both toxicological and epidemiological studies suggest that the neurotoxicity of OPs may not be
exclusively the result of cholinergic effects.'*"'* Notably, AChE knockout mice have been shown
to exhibit symptoms of neurotoxicity subsequent to OP exposure, similar to wildtype mice. "
And, as discussed in detail in subsequent sections, epidemiologic evidence suggests health
effects at exposure levels far below those that would result in AChE inhibition.'*"

Mechanistically, it is possible that other proteins beyond cholinesterases could be targets
for OPs, such as serine hydrolase™ and carboxylesterases, including those found in serum, in the
liver, in the central nervous system, the brain and in the lung.13 OPs have also been shown to
form covalent bonds with tyrosine and lysine even in proteins that have no active serine site.’
By binding to these non-AChE proteins, and in particular those whose functions are dependent
on reversible phosphorylation, OPs may effect inflammatory changes, oxidative stress and,

potentially, neurodegeneration.'>*’



While there is no established scientific consensus on the primary mechanism by which
long-term low-level OP exposure leads to non-cholinergic neurotoxicity, induction of
inflammation leading to neurological effects is among the most compelling explanations. A
dermal study of low-dose chlorpyrifos application to adult mice found that exposures at levels
too low to produce significant changes in serum cholinesterase resulted in increased glial
fibrillary acidic protein (GFAP) expression in the hippocampal regions.”> GFAP is a protein
responsible for the structural integrity of astrocytes, and a number of studies have shown that
GFAP is a sensitive and early biomarker of neurotoxicity.”” The results of this study indicate
that prolonged exposure to low-level OPs can trigger inflammatory responses, even in the
absence of AChE inhibition and overt clinical symptoms.'> There is also further experimental
evidence that OPs may interact directly with inflammatory cells. For example, rats exposed to
single or repeated subclinical doses of the OP sarin have increases in expression of pro-
inflammatory cytokines, including IL-6 and TNFo..> Overall, emerging evidence suggests that
long-term repeated low-level OP exposure up-regulates inflammatory mediators, through
pathways not affiliated with cholinergic response and at levels below which such response would

occur.

Effects of Long-Term, Low-Level Exposure to OPs: Occupational Studies

The research on the human health effects of long-term, subacute exposure to OPs
provides a less consistent picture than the literature on acute effects. For example, a 1997 study
of OP-exposed tree fruit farmers with no history of acute poisoning as compared to non-exposed
controls found differences in reaction time, but did not observe differences in tests of
concentration, visuomotor skills, or memory.>* An investigation of neurobehavioral performance

of Egyptian cotton crop workers who were exposed to a variety of pesticides including several



OPs found significantly lower performance on tests of working memory and mental processing,
including the digit symbol and digit span tests, than unexposed controls.” A study of greenhouse
planting workers exposed to OPs demonstrated differences in central nervous system function,
including reaction times, motor steadiness, tension and fatigue.”® And a study of sheep dippers
exposed to OPs as compared to non-exposed quarry workers found differences in sustained
attention and speed of information processing.”’ Meanwhile, a prospective cohort study of
chlorpyrifos-manufacturing workers found no differences in any measures of central nervous
system dysfunction.”®

For the most part, existing studies of non-acute occupational exposures have been limited
by imprecise exposure assessment. A 2003 study of neurobehavioral performance in Florida
farm workers found that having done farm work was associated with poor performance on the
digit span, tapping, Santa Ana, and postural sway tests, but this exposure characterization could
not quantify OP exposure.'® Similarly, a study utilizing the World Health Organization’s
Neurobehavioral Core Test Battery (including digit span, digit symbol and simple reaction time
tests) in rural Ecuadorians found significant differences in test scores based on farm
membership.”’ However, the “farm member” group was a broad classification, including
consumers, field workers and applicators, and this categorization does not inform the magnitude
of exposure to OPs among these individuals.

Some of the most recent research on non-acute exposures to occupationally exposed
populations has begun to utilize more refined exposure assessments. Rothlein et al. conducted a
study of neurobehavioral performance in Hispanic participants who either did or did not work in
agriculture.’® Their exposure assessment included measurement of urinary biomarkers and of OP

residues in environmental samples, in addition to occupational class. These researchers found



that the control group displayed better performance on 12 of 16 tests of neurologic performance,
including sustained attention, information processing, and motor speed and coordination.

In general, existing epidemiologic literature (summarized in Table 1.1) suggests that there
may be neurobehavioral impacts of long-term, sub-acute exposures to OPs in occupationally
exposed adults, including deficits in working memory, mental processing, sustained attention,
concentration and motor skills. However, these studies have often been limited by relatively
small samples sizes (typically on the order of 100-200 participants) and many are challenged by
lack of precision in the exposure assessment. Studies with larger sample sizes and better
exposure assessment are needed, in order to better understand the association between non-acute

OP exposure and health effects.

Effects of Long-Term, Low-Level Exposure to OPs: Non-Occupational Studies

In addition to the extensive body of work on occupational exposure to OPs, more recent
studies examine the potential health effects of low-level OP exposures to children. This area of
research first focused on children living in agricultural communities. A 2005 study by Rohlman
et al. found that children living in agricultural communities had poorer performance on measures
of response speed and latency as compared to those children living in non-agricultural
communities, and concluded that the observed differences were consistent with the functional
effects seen in adults exposed to low concentrations of OPs.*! A later study of the relationship
between OP exposure and neurobehavioral outcomes in a population of children living in an
agricultural community in southern Arizona also found a weak association between measures
such as speed of attention, sequencing, and mental and conceptual flexibility as compared to

controls.”> However, this study was limited by the fact that exposure was assessed using single



spot urine samples, and the previously defined exposed and non-exposed groups were not
consistent with these spot urine sample results.

Several other more recent prospective cohort studies have examined the impact of
maternal exposure to OPs on child neurodevelopment. In the Center for the Health Assessment
of Mothers and Children of Salinas (CHAMACOS) study, a prospective birth cohort recruited
between 1999-2000 and aimed at studying the association of pesticides and other environmental
agents on the health of pregnant women and their children, researchers found that prenatal
maternal urinary metabolite levels of OPs were significantly associated with attention problems
and attention deficit/hyperactivity disorder (ADHD) in children at 5 years of age.”> Within this
same cohort, prenatal maternal urinary metabolite levels were associated with poorer intellectual
development in these children when they reached 7 years of age."

Two other cohort studies of childhood outcomes related to prenatal exposures were
conducted in nonagricultural settings. In the Mount Sinai Children’s Environmental Health
Cohort study, researchers investigated the relationship between maternal exposure (as assessed
by urinary metabolites collected in the third trimester and prenatal maternal blood) and mental
development in children at one year of age and at 6-9 years of age.'” Cognitive development,
and particularly perceptual reasoning, was found to be inversely associated with prenatal
exposure. Similarly, in the Columbia Center for Children’s Environmental Health study, prenatal
chlorpyrifos exposure was assessed using umbilical cord blood plasma, and was found to be
associated with deficits in both memory and intelligence quotient (IQ) at later timepoints.'®

Researchers have also evaluated the relationship between neurobehavioral outcomes and
OP exposure to children (as opposed to in prenatal maternal samples). In the CHAMACOS

study, a 10-fold increase in urinary OP metabolites in children at age 5 was associated with a
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doubling of the odds of ADHD.** However, this association was weaker and less consistent than
the association with prenatal exposure. Using data from the National Health and Nutrition
Examination Survey (NHANES) from 2000-2004, Bouchard et al. conducted a cross-sectional
analysis of OP metabolites in urine samples collected from a nationally representative sample of
1,139 children aged 8 to 15 years.>* Children with higher metabolite levels were significantly
more likely to be diagnosed with ADHD than children with lower exposure. These studies are

summarized in Table 1.2.

OP Exposure in the General US Population

Overall, the data on the human health effects of exposure to OPs are conclusive with
regard to acute, high-level exposure. The effects of low level pre- and post-natal exposure to
children, both in agricultural communities and in the general population, are also fairly
consistent. The neurological and cognitive effect of low-level exposure to adults — and
particularly adults without occupational exposure — remains unknown.

We do know that these exposures are prevalent. In 2011, Barr and colleagues published
the results of a comprehensive effort to characterize OP exposure in the general population as
part of NHANES.* Urinary OP biomarkers were analyzed in nearly 7,500 samples collected
over three two-year cycles of the NHANES study, from 1999-2004. While this work showed
that OP exposures are on the decline — likely attributable to the passage of the Food Quality
Protection Act of 1996 — the authors still found detectable levels of OP metabolites in a majority
of the urine samples. Of note, potentially sensitive subpopulations including both adolescents
and older adults had the highest levels of exposure.

Diet is one potentially important route of OP exposure to the non-occupationally exposed

US population. OP residues can be present on food items at point-of-sale locations (e.g., grocery
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stores) at the time that food is purchased by consumers. This is demonstrated by comprehensive
residue data collected by the United States Department of Agriculture (USDA). In 1991, the
USDA’s Agricultural Marketing Service began implementation of a program to collect data on
pesticide residues in foods, called the Pesticide Data Program (PDP).>° Since then, the PDP has
repeatedly tested over 95 different commodities, including fresh, frozen and canned fruit and
vegetables, fruit juices, dairy products, grains, corn syrup, nuts, peanut butter, honey, poultry,
beef, pork, catfish and various water sources for residues of more than 450 pesticides, including
all of the OPs registered for use in the US or for which there are tolerances on imported items.
These data are accessible in publically available electronic databases, which include nearly 2
million records per year, and represent perhaps the best available estimates of pesticide residue
levels on food items at the time that they are purchased by consumers.

PDP samples are collected by eleven participating states, which represent all US regions
and about 50% of the nation’s population.’” Sample collection occurs regularly throughout the
year, and is intended to represent purchases made by consumers. Once selected, samples are
shipped to central laboratories where they are prepared emulating consumer practices (washed,
with inedible portions removed). The EPA’s 2006 CRA* employed PDP data collected from
1994-2004, and determined representative distributions of OPs on 44 commodities (primarily
fresh, frozen and canned fruits and vegetables). At least one OP was detected in 91% of the
commodity types analyzed.

Given the presence of OP residues on food items at the time of consumption, and the
cancellation of residential uses of OPs, it follows that diet may be the most significant and
perhaps the only OP exposure route for non-occupationally exposed individuals, particularly for

those who do not live in agricultural communities. This is consistent with the findings of the
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EPA’s 2006 CRA? and with some of the more sophisticated findings from the NHANES analysis
of urinary OP biomarkers in the US population.®> The authors of the NHANES study observed
high correlations among several of the biomarkers measured, suggesting common pathways for
both exposure and excretion. Because the biomarkers represented exposure to compounds that
are unlikely to be sprayed together in non-agricultural settings, they concluded that this
correlation points to dietary exposures from produce on which both groups of pesticides are used
regularly.®® The hypothesis that diet is responsible for a significant portion of OP exposure is
further supported by studies examining predictors of urinary OP biomarker concentrations. The
number of daily servings of produce consumed (in general, or as specific items such as apples or

apple juice) is reliably found to be associated with OP exposure.***’

Effects of Organic Food Consumption on OP Exposure

If diet is responsible for the majority of OP exposure in most Americans, consumption of
foods grown without the use of OPs should have a significant impact on total exposure. The
National Organic Program of the USDA permits food to be certified “organic” when grown
without use of specified pesticides and synthetic fertilizers, including OPs.* In keeping with the
theory that diet is an important route of OP exposure to the general population, several studies
have shown that consumption of organic food, and particularly organic produce, can significantly

reduce total OP exposure.*'™*

In the first study to examine the influence of organic diets on OP
exposure, we assessed OP metabolite levels in 24-hr urine samples from children with organic
and conventional diets.*' We found that children with conventional diets had 9 times higher
average levels of OP metabolites in their urine than children with organic diets.

Following our small study, Lu and colleagues conducted an elegant intervention study in

which they repeatedly measured metabolite levels in a group of 23 children with conventional
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diets.” The researchers then introduced an organic diet and continued to monitor the OP
biomarkers. They found that the median urinary concentrations of the metabolites decreased to
below the detection limit immediately after the introduction of organic diets and remained
undetectable until conventional diets were reintroduced. Primarily on the basis of these studies,
the American Academy of Pediatrics released a report concluding that organic diets expose
consumers to fewer pesticides associated with human disease.**

These studies suggest that substitution of organically grown foods is a successful strategy
for reducing dietary exposures to OPs. It is worth noting that food items labeled “organic” are
not always found to be completely free of pesticide residues. In a study of pyrethroid and OP
residues in composite diet samples from adults in Georgia, 47 of the samples were described by
the study participants as organic.*> However, half of these samples were found to contain one or
more of the pesticides measured, albeit at lower concentrations. The authors describe their
findings as consistent with the work of Baker et al., who compared pesticide residues in foods
either grown conventionally, grown using integrated pest management techniques, or grown
organically.*® In this study, approximately a quarter of the food items labeled as organic were
found to contain at least one pesticide at a detectable level, as compared to approximately three-
quarters of those with no market claim (and thus most likely conventionally grown). Thus, while
it 1s still possible for food labeled “organic” to contain pesticide residues, measurement of these
residues on organic food is far less frequent and typically in lower concentrations than on

conventional food.
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Study Aims

The primary goal of this dissertation was to develop a novel means of predicting long-
term dietary exposures to OP pesticides by combining information on individual dietary habits
with average pesticide residue levels on food. This methodology was intended to be an
improvement over other exposure assessment methods, and specifically was developed: 1) to
allow quantification of risk from OP exposure; 2) to be representative of appropriate timeframes
of exposure; 3) to be transferable across populations and pesticide classes; and 4) to be relevant
for epidemiologic analyses. We then aimed to assess the face validity of this new method by
evaluating its comparability with urinary dialkylphosphate biomonitoring in a subset of
participants. Finally, we aimed to employ these new estimates in an epidemiologic analysis in
which we assess the relationship between estimated long-term dietary OP exposure and results of
a battery of tests reflecting different cognitive domains, accounting for relevant confounders and

potential effect modifiers.

Study Population

This project utilizes data collected in the Multi-Ethnic Study of Atherosclerosis (MESA)
to evaluated the aims in this study. MESA, sponsored by the National Heart, Lung, and Blood
Institute (NHLBI) in 1999, was designed to investigate the prevalence, correlates and
progression of subclinical cardiovascular disease in a multi-city, multi-ethnic population-based
cohort.*” MESA includes 6,814 participants from six US communities: Baltimore City and
Baltimore County, Maryland; Chicago, Illinois; Forsyth County (Winston-Salem), North
Carolina; Los Angeles County, California; New York, New York; and St. Paul, Minnesota (see

Figure 1.2). Participants were recruited by staff at “field centers” in each area, each based out of
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a local university, using random-digit dialing, door-to-door visits and brochures mailed to
households in targeted areas. MESA participants were aged 45 to 84 years at enrollment, with an
approximately equal gender ratio. Four racial/ethnic groups were targeted for inclusion and the
recruitment protocol required overlapping ethnic groups among communities. The MESA cohort
is 39% non-Hispanic Caucasian, 28% African American, 22% Hispanic, and 12% Chinese.
Selected demographic and socioeconomic characteristics of this cohort at enrollment are shown
in Table 1.3.

The structure of MESA is similar to that of other large cardiovascular cohort studies.
Repeated clinical exams are scheduled at approximately two year intervals, and are
supplemented with follow up phone calls, the primary function of which is to ascertain
information about clinical cardiovascular disease events (e.g., acute myocardial infarction,
congestive heart failure, etc.). The first clinical exam (“Exam 1”’) occurred between July 2000
and July 2002, and the fifth clinical exam (“Exam 5) occurred between April 2010 and April
2012. During each exam, participants provided extensive interview data, including medical
history, personal history, demographics, and information on socioeconomic status (SES),
medication use, and physical activity habits. They also completed anthropometry measurements,
blood pressure readings, and provide blood samples. Additional tests occurred at some, but not
all, visits, including electrocardiography, flow-mediated brachial artery endothelial vasodilation,
carotid ultrasound, cardiac magnetic resonance imaging (MRI), and cardiac computed
tomography (CT) scanning. Follow-up phone calls took place every nine to twelve months, and
in addition to documenting clinical events, interviewers recorded changes in health status,
including hospitalizations, nursing home admissions, or diagnoses of new cardiovascular

conditions which were followed-up for ascertainment of events.
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Components of the exams with most relevance to this project were collected at MESA
Exam 5. These include a food f