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ABSTRACT
Kiyah J. Duffey: Determinants of dietary intakg aiwhsequences of away-from-home food
consumption
(Under the direction of Barry M. Popkin, PhD)

Dietary intake is a complex and multidimential &elor which has clear associations
with many adverse health outcomes, including opesivay-from-home foods have
received considerable attention as modifiable dateant of weight gain and a target for
obesity prevention efforts. However, epidemiologvdence of a link between away-from-
home eating and weight gain is mixed, which mayltdsom differences in the definition of
away-from-home food or discrepancies in analytithods. Furthermore, although a variety
of individual-level determinants of away-from-hoe&ting specifically, and dietary intake in

general, have been explored, direct associatiogelea intake and food price are

understudied.

Our research addresses these substantive gdpslitetature, providing both
methodological and substantive contributions tofighld, by investigating the direct effect of
change in food price on consumption, refining teérdtion of and differentiating between
sources of away-from-home food (i.e. sit-down st@igtaurants versus fast food outlets), and
examining the long-term health consequences otifegaway-from-home eating. These
analyses were conducted using data from the Coydxréery Risk Development in Young
Adults Study, a 20-year prospective longitudindiad of 5,115 young adults. Community

food prices were linked to detailed diet and hed#ta by residential location over the full



20-year period. We report that food and beverage geems to be an important determinant
of dietary behavior: price changes were signifigaassociated with changes in

consumption, total energy intake, body weight, ar@sures of insulin resistance over a 20-
year period. In addition, we show important indeget consequences of frequent restaurant
versus fast food consumption on subsequent bodyhiyetholesterol levels, and measures of

insulin resistance.

In summary, this research makes significant cbatrons to the field by advancing
our understanding of the influence of food priceconsumption behavior and identifying the
differential effects of restaurant versus fast fcodsumption on health. Combined, these
results have important implications for the creatd effective educational campaigns,

obesity interventions or prevention efforts, aratestand national nutrition policies.
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|. Introduction

A. Background

Obesity and its associated co-morbidities are n@ajblic health concerns, and while
the multifactorial etiology of obesity is not welhderstood, relationships between away-
from-home food consumption, sweetened beveragdsplaesity have been hypothesized.
Away-from-home eating is cited as a modifiable dactetermining weight gain and obesity,
and is thus viewed as a potential target for obgsevention efforts. While the contribution
of away-from-home foods to overall total energydedifat, and refined sugar intake provide
plausible mechanisms by which consumption mighd teagreater weight gain,
epidemiological evidence of this effect is somesmaxed. Inconsistent findings could be
the result of discrepancies in analytical techngguehich highlights the need to explore
alternative methods for evaluating the relationgepween away-from-home food
consumption and subsequent health outcomes. Atteehg the observed inconsistencies
may be the result of differential definitions of awfrom-home food, namely that fast food

and other away-from-home options are not examinddpendently of one another.

A variety of individual-level determinants of swteeed beverage and away-from-
home food consumption, most notably sociodemogcaiataitors, have been explored, but
largely missing from the literature on this topci direct examination of the role of food and

beverage price. To date, research in this areaetiad largely on aggregate measures of



food price, food availability, or food intake tatiesate individual-level effects, which
requires the acceptance of numerous assumptionsigyanot be valid (i.e. that availability
is equal to consumption). Furthermore, attemptxemine the indirect effect of food price
on health outcomes, such as weight, have been atistied using theoretical economic
models, unassociated with individual-level outcatag. As a result, we have little empirical
evidence of the relationships between food andrageeprice, consumption, and health

outcomes.

In this study, we capitalize on the opportunityeiplore the economic determinants
of food and beverage consumption, as well as thecested health consequences of beverage
and away-from-home food intake in a sample of UdtadOur analyses were conducted
using data from the Coronary Artery Risk DeveloptmerYoung Adults (CARDIA) Study,
a 20-year longitudinal cohort of 5,115 young adultstailed diet and health data for each
CARDIA participant were linked to community foodges by residential location over time.
This research fills important gaps by quantifyihg tnfluence of food and beverage price on
consumption and by broadening our understandirigeofole of away-from-home food

consumption as a potential causal mechanism ofitglaesd its associated co-morbidities.

B. Research Aims

The overarching goal of these analyses was toawegpour understanding of the
relationship of away-from-home food consumptionvabesity, insulin resistance, and
metabolic outcomes, with particular attention pgaiévaluating the influence of price on

these relationships. Specific aims were as follows:



1) Examine the relationship between price consionpénd selected health outcomes.
a. Determine the changes in price of beverages @oa whole-fat milk, fruit juice,
soda) and away-from-home foods (pizza and hambsirgeer a 20-year period. We
hypothesized a decline in the real price of ald®and beverages, with a more

pronounced decrease in the price of soda comparaitidther foods.

b. Determine the relationship between changesad &md beverage price with
changes in consumption, total energy intake, weyhd glucose status over a 20-
year period. We hypothesized that increased pvicedd be associated with declines
in consumption, specifically that as the price gfiven food (beverage) increased
daily energy obtained from that food (beverage) ialecrease. Furthermore, we
hypothesized that increases in the price of sadaapand hamburgers would be
associated with declines in total energy intakagitegain, and metabolic outcomes
over the 20-year period. We used log-log modeksladticity to determine the effect
of percent change in price on percent change in eattome across each of the six

food and beverage groups of interest.

2) Determine the longitudinal relationship betwéas frequency of away-from-home eating
with weight and metabolic outcomes, and to furthetermine if these relationships differ for
fast food versus sit-down style restaurant consiomp¥We hypothesized that an increased
frequency of consuming fast food would be posiinesdsociated with weight and metabolic
outcomes over time while an increased frequen@posuming restaurant foods would not.

We used fixed-effect repeated measures conditi@gaéssion models to examine these



relationships over a 13- year period (1992-2006addition to being able to handle
longitudinal data on subjects with varying numbaranequally spaced observations, these
models adjust for potential confounding from botbasured and unmeasured (or
unobserved) time invariant characteristics thatatemodifiers of the relationship of

interest.



Il.LITERATURE REVIEW

A. Obesity isaMajor Public Health Concern

The prevalence of obesity has risen dramaticaltheé past few decades among all
race, gender, and age groups (Flegal, Carroll &0812; Hedley, Ogden et al. 2004; Ogden,
Carroll et al. 2006) and now affects nearly oneetlof the American adult population with a
full 66% overweight or obese (Ogden et al. 2006drMivide, the number of overweight and
obese individuals far surpasses the number thahaheourished (Popkin 2008). Among
adolescents (aged 12-19 years) there was a nglargrof the prevalence of overweight from
5% through the 1980s (Flegal 2005) to 16% in 2@@gden et al. 2008). Anthropometric
measures, particularly BMI (Freedman et al. 2084, positively correlated through young
and middle adulthood (Serdula et al. 1993; Gordarsén et al. 2004), and weight loss later

in life is not consistently associated with imprmants in risk factors (Douketis et al. 2005).

Furthermore differences in the rates of obesity @mesity related health outcomes
exist between ethnic groups (McTigue et al. 2008g8man et al. 2005; Ogden et al. 2007)
and by socioeconomic status (Lillie-Blanton et1®l96; Williams 1997; Gordon-Larsen et al.
2003; Borders et al. 2006). For example, Africanelicans and other minority groups
experience higher rates of obesity (Sobal and Sihk989; Ball and Crawford 2005), tend
to experience obesity incidence at younger ageJidde et al. 2003), and are at increased

risk for developing obesity related health outcomel®wer BMI levels (Gordon-Larsen et



al. 2002) compared their White counterparts. Maiyese differences are likely mediated

by socioeconomic status (Robert and Reither 2004).

Obesity is a complex disease associated with nouseadverse health outcomes (Pi-
Sunyer 1993; NTFPTO 2000; Uauy and Diaz 2005; Masn®@iaz et al. 2008) including
type 2 diabetes, cardiovascular disease, and sangers, and to increased mortality overall
(Flegal et al. 2005). Further associations have Ipe&de to economic losses from both direct
and indirect costs (Must et al. 1999), and redustio psychological health and quality of
life (Kruger 2007; Gray and Leyland 2008; de Witakt2009). There are myriad pathways
leading to the development of obesity with conttidws from biological, behavioral, social,
and environmental determinants. Nonetheless, titeeyic of obesity that we currently face
is predominantly behaviorally, socially, or envirsentally based due to the slow rate of
genetic mutation compared to the time frame ovachvthe epidemic has emerged. We
focused our efforts on examining the role of theseential contributors, specifically the

consumption of low-cost calorically dense foods baderages, in the US obesity epidemic.

B. Co-morbidities of obesity: diabetes and the metabolic syndrome

Obesity is considered a salient and modifiable fastor of type 2 diabetes (T2DM)
(Cassano et al. 1992; Goran et al. 2003; Schierntaet/al. 2006; Mayer-Davis 2008), and
over the last several decades the trend in T2DMohealeled the rise in obesity rates
(Centers for Disease and Prevention 2004; Ogdemowski et al. 2007). A recent meta-
analysis illustrates that body mass index is siganitly associated with incident diabetes

among adults (Vazquez et al. 2007). Obesity affieath insulin sensitivity and insulin



secretion: in an obese state, adipose tissue esléaseased amounts of non-esterified fatty
acids, hormones, pro-inflammatory cytokines, arepfactors which ultimately act to limit
the amount of glucose uptake by muscles (FelbeGaidy 2002). When this is further
accompanied by dysfunction of the pancreatic is#a-cells — the cells that produce insulin
— failure to control blood glucose levels (diabgtasses (Kahn et al. 2006). Insulin
sensitivity, an important correlate of plasma lipmpins (Laakso et al. 1990; Kekalainen et
al. 2000), is often cited as the common link betwekesity and multiple metabolic risk
factors (Reaven 1997), however there is recengration that cytokines secreted by
adipocytes (present in overabundance among oventvaigl obese individuals) may underly
the pathophysiology of both insulin resistance tredmetabolic syndrome, a cluster of
disorders characterized by central obesity andnanyof the following: hypertension,
hypertriglyceridemia, reduced high-density lipogintcholesterol (HDL-C), or impaired

fasting glucose (Alberti et al. 2005).

Independent of its relationship to insulin resis@or T2DM, obesity is a risk factor
for several other metabolic outcomes. Overweight@wesity account for an estimated 66%
of the increased risk of hypertension in some patparks (Garrison et al. 1987; Huang et al.
1998), and body mass index, waist circumference yeaist-to-hip ratio measures have all
been shown to be predictors of hypertension (Dyat.d0999; Guagnano et al. 2001; Zhu et
al. 2002). The link between dyslipidemia, one & thost common disorders associated with
obesity, and obesity is not well understood, budevce suggests that insulin resistance may

be the underlying mechanism (Ginsberg et al. 28@&ven 2008): insulin resistance



diminishes the inhibitory effect of insulin on thedease of free fatty acids from adipose

tissue.

C. Thechanging food environment

Although the field of geography has long recogditee connection between people
and their environment, only in recent decades Iagi¢ld of public health turned its
attention toward the physical food environment astential determinant in shaping
individual behaviors associated with disease dgretnt. With respect to dietary patterns
and obesity, understanding the food environmeiritratates to the availability of food stuffs
is particularly salient as convenience and avditsiare important predictors of food habits
among adolescents (French, Story et al. 2001; Sieymark-Sztainer et al. 2002;
Neumark-Sztainer, Wall et al. 2003; Boutelle, Fudiom et al. 2007) and adults (Glanz, Basil
et al. 1998; Inglis, Ball et al. 2005). The food/eanment might also directly affect
individual dietary behaviors, in particular pattewf away from home food eating, through

targeted placement of food stores (Block, Scrilmted. 2004; Austin, Melly et al. 2005).

At the community-level, differences in the foods7@anment between racially and
economically segregated neighborhoods may exptairesof the differences in health
outcomes, such as obesity, that are observed éegraacounting for individual-level
factors (Pickett and Pearl 2001; Robert and Rel266#). Numerous studies have
demonstrated differential access to food placed ding supermarkets, smaller grocery
stores, restaurants and fast food places, by nefgbbd deprivation (Cubbin, Hadden et al.

2001; Cummins, Stafford et al. 2005), ethnic contpms (Block, Scribner et al. 2004,



Moore and Diez Roux 2006), and area-level wealtbr(dhd, Wing et al. 2002; Reidpath,

Burns et al. 2002).

D. Away-from-home eating has important relationships with many aspects of health
1. Determinants of away-from-home eating

In the past few decades there have been dranhdftis is the patterns of away-from-
home food eating among adolescents and adultsy Baibries are more frequently coming
from energy-dense nutrient poor foods and snadegéFet al. 2005) in larger portion sizes
(Nielsen and Popkin 2003). Additionally, a growmgmber of meals are being consumed
away-from-home (Zizza et al., 2001; Nielsen et2002), with these meals providing a
greater proportion of total daily calories (Fremttal. 2001; Nielsen et al. 2002; Jeffery and
Utter 2003). Although rates of away-from-home caonption have increased among all age-
gender groups, the greatest change was observatjanmades aged 18-39, who consumed
39% of their daily calories away-from-home (Gutleteal. 2002), accounted for in large part
by salty snacks, soda/fruit drinks, Mexican foaat] pizza (Guthrie et al. 2002).
Associations with frequent away-from-home eatingehbeen made to younger age, lower
income, fewer years of education, and minority nacgome (Satia, Galanko et al. 2004,

Schmidt, Affenito et al. 2005) but not all stud{&ant and Graubard 2004).

2. Association with obesity and metabolic outcomes
The parallel trends of increased consumption oflifaway-from-home (in particular
fast food) and obesity beginning in the 1980s mteacological-level evidence of a link

between the two. Associations between away-froméieating and overweight and obesity



have also been observed at the individual levedr{€n et al. 2001; Paeratakul et al. 2003).
Frequent consumption of restaurant and fast foadsleen associated with higher BMI
(Bowman and Vinyard 2004; Lin et al. 2004) and béaipess (McCrory et al. 1999) in cross
sectional studies, although in some cases theseiassns were observed in females but not
males (Jeffery and French 1998) or high incomeuglew income females only (Lin et al.
2004). Increased away-from-home food consump8aildo associated with greater weight
gain (French et al. 2000; Duffey et al. 2007; Rbsshk 2008) and insulin resistance (Pereira
et al. 2005), evidence of a potentially causalti@ship between away-from-home eating

and adverse metabolic outcomes.

3. Association with dietary patterns and diet qtyali

One proposed mechanism by which away-from-homagatay be associated with
weight gain is through its impact on diet (Prenaoel Jebb 2003). Away-from-home food
tends to be higher in total calories, total & st &ind refined carbohydrates (Lin et al. 1999;
Cavadini et al. 2000) and tends to be served mifsegntly larger portion sizes (Young and
Nestle 2002; Nielsen and Popkin 2003; SmiciklasgiMret al. 2003; Diliberti et al. 2004)
than foods consumed at home. Persons who regalansume food away-from-home have
diets characterized by greater energy density (Bamwend Vinyard 2004), higher total
energy intake per day (McCrory et al. 1999; Bowraad Vinyard 2004) and per eating
occasion (Guthrie et al. 2002), a higher percemrnairgy from fat (French et al. 2001;
Schmidt et al. 2005), and increased consumptia@adionated soft drinks (Paeratakul et al.

2003), Futhermore, their diets tend to be charaetéy lower intakes of fiber (Clemens

10



1999; Guthrie, Lin et al. 2002), Vitamins A and Ragratakul et al. 2003), and fruit,

vegetables and dairy products (Paeratakul, Ferdieaal. 2003; Satia, Galanko et al. 2004).

Evidence suggests that tracking of overall dietliqy dietary preferences, and
macronutrient intake occurs between young adultfamabladulthood (Dunn et al. 2000;
Bertheke Post et al. 2001), yet there is a relath&ence of longitudinal studies investigating
long-term patterns of away-from-home consumptioth select few have examined the
effects of frequent away-from-home eating and epertake over time (French et al. 2000;
Schmidt et al. 2005). Furthermore, a vast majaritgtudies do not differentiate between fast
food restaurants and more traditional, family-stjilening places, which may be
differentially associated with long-term diet belwas or weight gain (Duffey et al. 2007)
and only two have examined the modifying effectamfe (Thompson et al. 2004; Pereira et

al. 2005).

Because of the link between diet patterns andigb@dcCrory et al. 2000;
Quatromoni et al. 2002; Koh-Banerjee et al. 2008)e is a need for better understanding of
the relationship between away-from-home eatingdietiquality as well as identification of
modifiable predictors of these behaviors. In theeegch described herein, we took advantage
of a large ethnically and economically diverse ltugjnal sample of US adults. These data
contain information on away-from-home food consumpfrom both fast-food and sit-down
style restaurants, as well as detailed measunesiltiple health outcomes. Thus, we were

able to more fully investigate the differentialexfts of these two food sources, their

11



association with multiple health outcomes, and saentific knowledge concerning these

important relationships.

E. Food price asa determinant of diet and predictor of health
1. Price is a factor in food choice

Individual food choice is influenced by numeroastbrs including taste, economy
(food price and income), convenience (opportunists), health (including weight) and
variety (Finkelstein et al. 2004; Cardello and GarrPress) 2009), in addition to the
powerful influences of marketing, and peer/socaims (e.g. (Glanz et al. 1998; Booth et al.
2001; Story et al. 2002; Laraia et al. 2004; Pogkial. 2005)). Although taste, economy (i.e.
cost) and convenience consistently rank highestesstudies suggest that there are
important differences by socioeconomic status (Mgot©90; Kamphuis et al. 2007). The
poor are typically more sensitive to food pricerpes and there is a positive effect between
income and away from home food expenditures (Gapkid et al. 1999; Stewatrt, Blisard et

al. 2004; Ng, Zhai et al. 2008).

The relationship between price and consumptidikety mediated by accessibility.
Urban dwelling individuals have been shown to paysiderably more for the same foods
purchased in their smaller, community stores coegé&r suburban dwelling residents who
can purchase from large chain supermarkets (Choadviyers 1999). Larger supermarkets
tend to offer a greater variety of nutritious fomations at lower cost (Chung and Myers
1999; Eisenhauer 2001), but these stores havdyargwed out of urban areas (Nayga and

Weinberg 1999). Differences in the presence of fetodes, cost of purchasing healthier food
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items at these food places, and other individuadléactors, such as lack of transportation,
may substantially limit the opportunity for healtegting among less wealthy, minority

individuals.

2. Food cost and diet quality

Current dietary recommendations emphasize consomgt fresh fruits and
vegetables, whole grains, and lean protein, engougdimited consumption of items like
sugar-sweetened beverages and fast food. Howemiie IUS and elsewhere, it has been
documented that these healthier foods tend toroose (Drewnowski, Darmon et al. 2004;
Darmon, Darmon et al. 2005; Drewnowski and Darm@d52 Drewnowski and Darmon
2005; Drewnowski, Monsivais et al. 2007) and that duality is often a function of social
class (Darmon and Drewnowski 2008). Wealthier coress tend toward more varied,
healthier, and higher quality diets (e.g. (Iralaeiez, Groth et al. 2000; Martikainen,
Brunner et al. 2003)) compared to lower-income aoresrs (e.g. (Smith and Baghurst 1992;
Hulshof, Brussaard et al. 2003)). Regular adherémbealthier diets has also been shown to
cost more (Darmon et al. 2005; Schroder 2006) armktinversely associated with BMI

(Schroder 2006; Murakami et al. 2007).

3. Individuals’ responses to food price are notista

Food price represents a modifiable factor thatdcbe targeted for population-level
interventions and nutrition policies (Horgen andBnell 2002). Multiple strategies have
been used to study the relationship between changeie and consumption. Using linear

modeling to predict food purchasing decisions gibadget constraints, Darmon et al. found
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that strengthening cost constraints placed on foesigted in a reduction in the proportion of
energy contributed from fruits, vegetables, meatbdairy products, and increased that from
cereals, sweets and added fats (Darmon et al. 20B8)overarching result was a decrease in
diet quality. Several small-scale quasi-experimesitalies demonstrated that price
reductions on healthier, low-fat food options imgigng machines and in school and
workplace cafeterias were associated with increaaks$ of those food items (French, Storey
et al. 1997; French 2003). A comparison of threegpreductions of 10%, 25% and 50% on
lower-fat snacks in high school vending machinassilted in an increase in sales of 9%, 39%

and 93%, respectively, compared with usual priceitmns (French, Jeffery et al. 2001).

Other studies have shown more direct effects ahghs in price on consumption.
City-wide taxes on high-fat dairy products was agsged with city-wide decreases in the
sales of these items in the US (Chouinard et &@720nd price increases were predicted to
result in a decreased demand, and consumptiomgigf products in the European Union
(Bouamra-Mechemache et al. 2008). Finally, expemiaddaboratory studies (Epstein et al.
2006; Epstein et al. 2007) have shown that chaimgie®d price can influence the purchase

of low- and high-energy density foods.

4. Associations of price with consumption and weigh

Another, albeit considerably smaller, body of eesh has utilized econometric
modeling strategies (Schroeter et al. 2008) oraudiprice estimates (Schroder 2006) in an
attempted to examine the ways in which price flattans effect subsequent health

outcomes. Adherence to the Mediterranean Diet Snatlehe Healthy Eating Index resulted
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in significantly higher daily food cost ($1.50- $&/day), but was also associated with
having a lower BMI (Schroder 2006). Some reseas;hewever, warn that there is too little
evidence to support proposed price changes as asm@aimproving health outcomes
(Finkelstein et al. 2004), particularly if alterivat purchasing options are not also considered
(Huang 1997; Caraher and Cowburn 2005). At leastesnpirical analysis demonstrated that
increasing the cost of away-from-home food cousittein increased body weight,
depending on the concurrent price changes to alige(i.e. replacement) foods (Schroeter

et al. 2008).

Generally, estimation studies on the effect ofgon diet and health outcomes use
household or aggregate (county, state, or natiemal) expenditure data converted to
estimates of average per capita food spending., Thesnajor limitation of these studies is
that they do not directly link an individual's fo@dsts to that individual’'s dietary intake or
subsequent health experience, nor can they actmuctianges in individual or family-level
income. In this research, we used price, consumpéind health data that were directly

measured at the level of the individual to fill $kamportant gaps in the literature.

F. Current gapsin knowledge and resear ch needed

Through this research, we were able to fill impottgaps in our understanding of the
economic determinants of decisions to consume dwmay-home foods, and the
consequences of such decisions on subsequent be#&dttmes. Although plausible
mechanisms for the role of away-from-home food comaion in weight gain and other

metabolic outcomes exist, epidemiologic studieshaften produced inconsistent results.
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Such inconsistencies could result from methodokddimitations, including incomplete
control for unmeasured confounding factors or failto account for the differential
associations of various types of away-from-homel$of.e. fast food versus sit-down style

restaurant consumption).

Our research addresses these methodological cenaed adds important insight to
the health implications of frequent away-from-hosa¢ing. Furthermore, we fill an
important gap in the literature of determinant$oaid and beverage purchasing behaviors by
examining long-term changes in the relationshipvben food price and consumption at the
individual-level. By deepening our understandinghaf extent to which prices influence
intake decisions, and the degree to which varieusygdrom-home food sources are related
to weight and metabolic health outcomes we carebettorm future health policy and

intervention strategies aimed at obesity prevention
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[11. Methods

A. Description of the population & study sample
1. Overview of study design and sampling

The Coronary Artery Risk Development in Young AdYICARDIA) Study was
initiated to examine the development of heart disehuring adulthood. At baseline (1985-
86) the sample included 5,115 participants, age@@.8ho were randomly selected from
four US cities: Birmingham AL, Chicago IL, MinnedEoMN, and Oakland CA.
Recruitment procedures were similar, though nattidal, between the four locations and
have been described in detail elsewhere (Hughais £#887). Briefly, participants were
randomly selected and recruited by telephone frensgs tracts in Minneapolis and
Chicago, by telephone exchanges in Birmingham fiaomd lists of Kaiser-Permanente health
plan membership in Oakland. Each of the centersswesessful in recruiting sex, race
(black and White), education and age (18-25 an8®&s) balanced baseline samples.
Follow-up interviews were conducted at Exam yea(s387-1988), 5 (1990-1991), 7 (1992-
1993), 10 (1995-1996), 15 (2000-2001), and 20 yEAI85-2006) post baseline with
retention rates of 90%, 86%, 81%, 79%, 74% and Epectively. A complete listing of

exam components can be found at the CARDIA welfSiteRDIA 2009).



2. Exclusions

The sample utilized for all aims of this analysxsluded female participants who
were pregnant at the time of interview because gbsim dietary intake, weight, and/or
health status during pregnancy are not the focdslamot necessarily reflect permanent
changes in behavior or the outcomes of interesbuBgome, participants (or participant
observations in longitudinal models) were excludedey had the outcome of interest at
baseline (i.e. those who were obese at baselim®dels examining incident obesity), or
were taking medication designed to effect the autedi.e. those taking cholesterol lowering
medication in models examining the incidence ohHigw-density lipoprotein cholesterol

[LDL-C]). Specific sample sizes are described ieager detail for each analysis.

B. Measurement of key variables
1. Away-from-home eating and dietary intake

Frequency of fast food and restaurant consumptes assessed using two separate
guestions. To determine fast food consumptionjq@pants were asked “How many times in
a week or month do you eat breakfast, lunch, anefiout in a place such as McDonald’s,
Burger King, Wendy’s, Arby’s, Pizza Hut, or Kentyckried Chicken?” To estimate
consumption at non-fast food restaurants, partitgpare asked “How many times in a week
or month do you eat breakfast, lunch, or dinnex restaurant or cafeteria (eat-in or take

out)?” All responses were calculated to refleceayweek consumption frequency.

Dietary intake was assessed usangemi-quantitative, interviewer administered,

validated (Slattery et al. 1994) Diet History Fde@quency Questionnaire. Details
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pertaining to the development of the questionnadnee been described elsewhere
(McDonald, Van Horn et al. 1991; Hilner, McDonalda¢ 1992). The quantitative diet
history was administered to all participants atdias (Exam year 0), Exam year 7, and
Exam year 20. It asked participants to report ype tamount, and frequency of foods eaten
during the past month and probed further into piapan methods, including specific fats
used in cooking. A selection of additions commanigde to foods while cooking were also
included to obtain a more accurate estimate of tatlaries, fat, and carbohydrates in the
diet. From the diet history, food groups were a@ddiased on typical consumption behavior.
For example, hamburgers from a fast food restawvant included in the “sandwiches/
hamburger/ fast food” food group rather than theponent parts of the hamburger being
included in several food groups (i.e. “Grain”, “Beeand “Leafy green vegetables”).
Estimates of daily intake of energy, macro (i.@tem), and micronutrients (i.e. calcium)

were associated with each food group.

2. Anthropometric variables

Anthropometric measures were obtained using tdaieehnicians using equipment
which was calibrated weekly with participants stagcand dressed in light clothing without
shoes. Bodyweight was measured to the nearesQu8ikg a balanced beam scale, height
was measured to the nearest 0.5 cm using a vemtiea) and waist size with a tape in
duplicate to the nearest 0-5 cm around the minirmabdominal girth. BMI was calculated as
weight (kg) divided by height (f At each Exam year, we generated dichotomousanaii

variables to identify individuals as underweighMB<18.5 kg/nf), normal weight (BM!
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18.5-29.9 kg/rf), overweight (BMI 25-29.9 kg/f or obese (BME30 kg/nf) according to

the National Institutes of Health clinical cut pwirffNational Institutes of Health 1998).

3. Biochemical measurements

Blood samples were drawn following an overniglst fasing a Vacutainer containing
EDTA. Cells were separated from plasma, which wassferred into airtight vials and
stored until shipment to the University of WashorgiNorthwest Lipid Research
Laboratories (Seattle). Totholesterol and triglycerides were measured by reatyg
methods within 6 weeks of collectiddDL-C was assayed aftdextran sulfate-magnesium
precipitation (Warnick et al. 1982), and LDL-C westimated from the Friedewald equation
(Friedewald 1972). Glucose was measured using lexed coupled to glucose-6-phosphate
dehydrogenase, as was serum insulin with an imnagaga(Linco Research Irfst Louis,
Missouri). The homeostasis model of insulin resista(HOMA-IR) was calculated as

[glucose (mmol per liter) X insulimyU per liter)]/22.5](Matthews et al. 1985).

4. Food and beverage prices

Food price data were compiled by the Council fom@hunity and Economic
Research (C2ER, formerly the American Chamber ah@erce Research Association,
(C2ER 2008)). Conducted quarterly for approxima8fl) US communities, this survey
provides price variables for more than 60 consugoeds and services complied across
participating metropolitan and non-metropolitaneateGrocery items (i.e., specific foods and
beverages), fast food items, cigarette pricescastof living and overall price indices have
been collected as part of theer-City Cost of Living Indexpublished quarterly since 1968.

Price data were linked to CARDIA respondents teraliyfbased on the year and quarter of
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CARDIA exam dates) and spatially (based on theardent’s residential location at each
time point). Respondents for whom there was natextimatch between residential location
and the city and year in which food price data weléected, prices were imputed. Using the
consumer price index (CPI) we inflated prices far particular year and quarter in which the
individual diet surveys were conducted. The CPhulie index of Year 2006, quarter 3
(index=100%) was used as the baseline to inflaentdminal values for all prices, allowing

for comparability in food prices over the full 28ar period.

5. Additional covariates

Non-anthropometric or biological variables relevanthese analysis include race,
gender, age (in years), education (less than ligbdd [HS], completed HS, some college, 4
or more years of college), family structure (singharried, single with children, married
with children), and smoking status. Physical attiwas assessed using the validated
CARDIA physical activity questionnaire (Jacobs letl&89). Results are reported in exercise
units (EU) per week. A measure of sedentary belnghaurs of TV viewing per week, was

also collected.

For Aim 2, information on the cost of living (COlas obtained for all participants
(C2ER 2008). The COL index measures differencelsarcost of consumer goods and
services, excluding taxes and non-consumer expeeditCollected on more than 50,000
prices covering 60 different items, the index isdzhon six component parts — housing,
utilities, grocery items, transportation, healthecand miscellaneous goods and services.

Prices were collected quarterly by chambers of cemas economic development
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organizations or university applied economic centereach participating urban area (C2ER
2008). As with the price data, COL was linked bgplatially and temporally to each

CARDIA respondent.
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V. Increased food prices are associated with changesin diet, weight, and HOMA

insulin resistance over 20 years of the CARDIA Study

A. Introduction

While policies are beginning to target factors etfifeg price, including taxation of
foods and beverages, as a way to address obdsitgtes, and other nutrition-related health
concerns, minimal research has been done to smyhese changes would impact health.
Taxation has been a very effective way to reducdt athd teen smoking (Grossman and
Chaloupka 1997; Chaloupka et al. 2002). In cottrasearch on the role of food and
beverage pricing has focused on broad ecologitaioaships (Cash et al. 2005; Finkelstein
et al. 2008; Schroeter et al. 2008) or small expenits (French et al. 2001; French 2003;
Epstein et al. 2006; Epstein et al. 2007) but lderamined direct effects on food and

beverage choices in large populations or over fmrgpds of time.

To compensate for food environments where heatibgd (i.e. fresh fruits and
vegetables) tend to cost more (Drewnowski and DarB@®5; Drewnowski and Darmon
2005), public health professionals, politicians atfters have suggested that foods high in
calories, saturated fat, or added sugar be sulgextded taxes and/or that healthier foods be
subsidized (Jacobson and Brownell 2000; Cash 208b; Chouinard et al. 2007; Popkin
2008). Such measures, or a combination of thessunes could prove to have a particularly

powerful impact for lower income individuals becaubkey are typically more sensitive to



changes in food price (MacDonald and Nelson Jr11@%hung and Myers 1999; Stewart et
al. 2003; Stewart et al. 2004; Popkin 2008) andibse lower income consumers tend to
have less varied, lower quality diets comparedgbdr income consumers (Hulshof et al.
2003). Manipulation of food prices, through subssdand other methods, has been a
mainstay of global agricultural and food policy Rm 2008; von Braun 2008) employed as
a means to increase availability of animal foods lamsic commodities, but it has not been
readily employed as a mechanism to promote puleladth and chronic disease prevention

efforts (WHO 2000; WHO/FAO 2003; Popkin 2008).

This is beginning to change. The state of Maineanily taxes manufacturers on
bottles of simple syrup and consumers on bottléddsimks. In 2008 the state of New York
proposed an 18% consumer tax on soft drinks, amet @ities and states around the country
are reviewing similar options as a means to prorhetdth and raise money for underfunded
health care systems. Some researchers warn thatishdtle evidence that a tax on these
[high calorie, sugary foods] products would imprdwealth (Finkelstein et al. 2004),
particularly if alternative purchasing options (dapd substitutions) are not also considered
(Caraher and Cowburn 2005). For instance, incraasasfee prices might be linked with

reduced cream or sugar intake and increased @eeifitiluang 1997; Ng et al. 2008).

We investigate the secular trends in selected &atlbeverage prices and the
association of these changes with consumption fadsan as the price elasticity of
demand), total caloric intake, weight and homedsta®del assessment- insulin resistance

(HOMA-IR) over a 20-year period in the Coronary &t Risk Development in Young
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Adults (CARDIA) Study. Price elasticity of demargddefined as the measure of
responsiveness in the quantity demanded for a cahtyras a result of change in price of
that same commodity. We used directly measurediohatal-level food consumption and
health outcome data linked with community pricead@pecific to each individual’'s time-
varying residential location at the time food camption data were collected) to examine the
relationships between price changes and chang#stary intake and selected health

outcomes.

B. Methods
1. Study population

The Coronary Artery Risk Development in Young AdWICARDIA) Study is a
multicenter, longitudinal study of the determinaaitsl evolution of cardiovascular disease
risk in Black and White young adults. CARDIA paipiants were drawn from one of four US
cities (Birmingham, AL; Chicago, IL; Minneapolis,W Oakland, CA), with recruitment
procedures designed to create a balanced repraseribage, gender, ethnicity, and
education group in each location. The baselineesuwas completed by 5,115 young adults,
aged 18-30. Follow-up examinations were conducté] %, 7, 10, 15 and 20 years post
baseline with retention rates of 91%, 86%, 81%, ,/B48%6, and 72% respectively. Data from
exam years 0, 7, and 20 were used for this stigdhese are the years in which dietary data
were collected. Detailed descriptions of the sangpfilan and cohort characteristics are

described elsewhere (Hughes et al. 1987; Friedrmah £988).
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2. Food Prices

Food price data were compiled by the Council fom@wnity and Economic
Research (C2ER, formerly the American Chamber oh@erce Research Association,
(C2ER 2008)). Conducted quarterly for approxima&l9 US communities, this survey
provides price variables for more than 60 consugoeds and services across participating
metropolitan and non-metropolitan areas includgrgcery items (i.e., specific foods,
beverages), fast food items, cost of living andralN@rice indices, and cigarette prices.
From the available price data, we selected tHevihg beverage and food variables based
on comparability with individual-level food consutign data in CARDIA: soft drink (cost
for a 2 Liter (L) bottle of Coke), whole milk (co&ir one-half gallon), orange juice (cost for
a 6 ounce (0z) can frozen juice), hamburger (1i4hpqlb) burger, purchased away-from-
home), and pizza (12-13 inch cheese, thin crusthased away-from-home). We also
include a selection of prices of hypothesized ceamantary and replacement foods and
beverages: beer (cost of a 6 pack, 12 oz botthasg (cost of a 1.5 L bottle), coffee (cost of
a 1 |b can of ground coffee), bananas (cost o),Islieak (cost of 1 Ib., USDA choice),
parmesan cheese (cost of 8 oz, grated), and fhielen (cost of 2 pieces, thigh and
drumstick, purchased away-from-home). Although veeild have ideally included the price
of alternative types of milk (i.e. low-fat milk) @way-from-home sandwiches (i.e. chicken

sandwich) this information was not collected anasthot available to us.

We inflated prices by the consumer price index §@#the particular year and

guarter in which the individual diet surveys weoaducted to remove the effect of inflation.
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The CPI represents changes in prices of all gondsarvices purchased for consumption by
urban households, including user fees and salesxaiske taxes, but excluding income taxes
(Bureau of Labor Statistics 2001). We used the Wil the index of Year 2006, quarter 3

(index=100%) as the baseline to inflate the nomwadles for all prices.

We linked price data to CARDIA respondents temggr@dased on the year and
guarter of CARDIA exam dates) and spatially (basedhe respondent’s residential location
at each time point). For respondents for whom there not a direct match between
residential location and the city (defined usingtidpolitan Statistical Areas (MSA) and
year in which food price data were collected, miaere imputed (n = 3,503 observations
(29%)).For example, if a respondent’s residential locatiad a single matching MSA code
and price data were available for the year andtguar which the respondent was surveyed,
prices from that matching MSA were assigned taréspondent. A dummy variable
indicating imputed prices was included in all fimabdels. Excluding the indicator variable,

or the imputed values, did not result in significahanges in our estimates.

3. Dietary Assessment

Usual dietary intake was assessed using the CARDMAHistory, an interviewer-
administered questionnaire regarding general digteactices followed by a comprehensive
guantitative food frequency (FFQ) questionnairee dret history queried foods consumed
over the past 28 days, and for foods consumeddedidollow-up questions regarding the
typical serving size, frequency of consumption, aachmon additions (McDonald et al.

1991). Respondents were able to include foods aglgutonsumed but not listed on the FFQ
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portion of the Diet History. The reliability andldity of the Diet History have been
assessed (Liu et al. 1994).

We use three beverage and two away-from-home fataories in our analyses:
whole milk (fluid milk only, not powdered, evapoedtor condensed or fluid milk used in
recipes), orange drinks (25-100% juice, hereafddled orange juice), soft drinks (regular,
sweetened), hamburgers (sandwich, fast food) armh §frozen/restaurant). The groups

provided the closest match to our price variables.

4. Anthropometrics and Insulin Resistance

Measured height (nearest 0.5 cm) and weight (ne@re%g) were collected by
trained technicians. Fasting insulin and glucoseevebtained by venous blood draw.
Glucose was measured using hexokinase coupleditogg-6-phosphate dehydrogenase.
HOMA-IR score was calculated as [fasting glucosen@hper liter) X fasting insulingU

per liter)]/22.5] (Matthews et al. 1985).

5. Covariates

At each exam period, self-reported informatiorsoniodemographic and selected
health behaviors was collected using standardizedtgpnnaires, including age, education
(completed elementary school, 3 years high scHogéars of high school, 3 years college, or
4 or more years of college), income (low [<$25,($25K)], middle [$25,000- <$50,000
($25-<50K)]), and high%4$50,000]), and family structure (married, singlerried with
children, and single with children). Race (blackwhkite) and gender were verified at each

follow-up exam. Physical activity, in exercise Bn(EU) per week, was assessed using the

28



CARDIA physical activity questionnaire (Jacobs etl&89). Information on the cost of
living (COL) was obtained from C2ER and spatialhddemporally linked to each
respondent via their residential location. The d@dex, which measures differences in the
cost of consumer goods and services, excludingtard non-consumer expenditures, is
based on six components — housing, utilities, gyotems, transportation, health care and
miscellaneous goods and services. Data for theximeee collected on more than 50,000
prices covering 60 different items by chambersarhmerce, economic development
organizations or university applied economic centereach participating urban area (C2ER

2008).

6. Statistical Analaysis

All analyses were completed in Stata 10 (Stata Jogliege Station, TX).
Descriptive statistics of beverage prices, kcalgeson and per consumer, and percent
consuming each food and beverage group were coohparess the three exam periods, with
statistical significance set at the p<0.05 lewebftailed test). Pooled values were calculated

to provide an estimate of the average price andwoption over time.

Our overarching goal was to examine (1) the priasteity of demand, or the ratio of
a percent change in price to the percent changenaumption, for selected beverages and
away-from-home foods and (2) the effect of incomeonsumption. For analysis of price
elasticity, separate estimations were made foth{d orobability of consuming a given food
or beverage and (2) the amount of food consumed, rissulting in estimates conditioned on

consuming (Haines, Guilkey et al. 1988). These pad-marginal effect models (MEM) are
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useful for eliminating bias when examining outcoméx®re there are large proportions of
zero values (i.e. non-consumers), as was the namg& isample, that do not represent missing

data.

We pooled data across three exam years and rdianstasd errors were used to
correct for multiple observations on individualsigossible heteroscedasticity. The two-part
model includes a probit model using maximum liketd estimation in the first step to
estimate the probability of consuming a given foodheverage. The second part was a
conditional log-log ordinary least square regrassimdel on only the subsample of those
who consumed that food or beverage. Both models wlestered on the individual, to
correct standard errors for multiple observatidrsese two values were then multiplied
resulting in an estimate that is a weighted meahegffect of changes in price on changes

in consumption for the full sample.

The two parts had the same specifications: comtin@bles included age, gender,
race, family income, highest level of education pteted, family structure, logged prices of
selected complementary and replacement foods (saktor each food/beverage model
separately), a logged value for the COL index,nalicator variable for having imputed price
data, and time indicator variables for exam yeaasad 7. We tested and did not find
statistically significant interactions between ledgrice values and time, and logged price
values with income (likelihood ratio test p> 0.10he two parts were estimated separately
before deriving unconditional elasticities and thmotstrapped standard errors (using 1000

replications).
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We examined own-price elasticity, defined as thegmtage change in consumption
(amount demanded) associated with a percentaggehaprice. This value should be
negative, because quantity demanded, and conswsimaald fall with rising prices. In
addition, we examined cross-price elasticity, thecpntage change in consumption (amount
demanded) of the first good associated with a p¢age change in the price of a second
good. Foods with positive cross-price elasticiies considered replacement or substitute
foods, while those with negative values are comsmleomplements. We were unable to
estimate income elasticity, as income was repredauging indicator variables and could not

be transformed sufficiently reliably into loggeduwes.

Finally, we estimated the association of perceange in total energy intake, body
weight, and HOMA-IR on a percent change in priceagipooled ordinary least square log-
log regression models, clustered on the individeat.each model, the logged continuous
food and beverage prices were regressed on the lttgged outcomes variables, controlling
for sociodemographic (race, gender, age, incomsatobn, and family structure) and
lifestyle factors (including total physical actiiand smoking status) as well as logged
values for selected complementary and replacenoexsf logged COL, and an indicator
variable for time (Year 0, Year 7), and imputectcprdata (yes/no). The weight models also

controlled for subjects’ height.

Exclusions
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In all models, participants’ observations were ageld if data were incomplete (n=64
observations) or the participant was pregnant (rei&rvations). This resulted in a final
sample size for all MEM estimates of n=12,123 obestons. Sample sizes varied for the
linear regression step of the modeling processmidipg upon the proportion of the sample
that consumed the food (n=7,990 (soda); n=3,86Dbl@vimilk); n=11,085 (orange juice);
n=6,669 (hamburgers); and n=10,123 (pizza) obsengt In the HOMA-IR model,
participants were further excluded if they werdrigkanti-diabetic medication (n=182
observations), resulting in a final sample sizegte longitudinal repeated measures
regression models of n=12,007 (kcal), n=11,972 i@ and n=10,218 (HOMA-IR score)

observations.

C. Results

The inflation-adjusted real price of soda (priegdgfor a 2 L bottle) and pizza (price
paid for a 13-inch, regular crust cheese pizzadshg declined between 1985 and 2006, with
the largest percent decrease observed for sotlagfilom $2.71 to $1.42 (a 48% decrease,
Table 1). The price of orange juice increased tver20-year period, while away-from-home
hamburger and whole milk prices were relativelypkalt is important to note, however, that
these prices ignore the total cost as they donuarporate the time cost involved in
preparing food (Mincer 1963). Calories per persat per consumer from soda, adjusted for
age and gender, increased steadily over the 20pgzmEd, despite slight declines in the
proportion of the population consuming soda (Td)leOn the other hand, there was a

considerable decline in the proportion of the papah consuming whole milk (-20.5%
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between year 0 and 20) energy per person (-68 ketlgeen year 0 and 20) and energy per
consumer (-70 kcals between year 0 and 20).

Own price elasticities, price effects of specibod on consumption of that food,
were in the expected direction (for soda, orangeejand away-from-home pizza), although
these estimates were not always stronger than-prasselasticities in a given model (Table
2). For example, an 18% increase in the price dasesulted in a 12.81% (SE: 3.30,
p<0.001) decrease in consumption of daily energyfsoda, a 7.39% (SE: 5.43, p=0.173)
increase in daily energy of whole milk and a 17.98%&: 7.11, p=0.012) increase in
consumption of daily energy from pizza. Save pizea price elasticities were < 1 (in
absolute terms) suggesting that US adults werévela price inelastic (results not shown,

but they can be calculated: divide the resultsahl@ 2 by 18).

Cross-price elasticities, price effects of a sfi@ébod on consumption of other foods,
can be useful in inferring complementary and regiaent foods and beverages. For the most
part, cross-price elasticities were smaller than pwice elasticity estimates. For example, an
18% increase in the price of pizza was associatddans.59% (SE: 2.57, p=0.012) increase
in the consumption of daily energy from soda (Tableompared to a 20.70% (SE: 5.51,

p<0.001) decrease in daily energy from pizza.

Annual household income was differentially asseclavith energy intake from
selected foods and beverages (Table 2) For exatoplegnd middle income persons
consumed roughly 8.43% (SE: 1.01, p<0.001) and%.¢&S3E: 0.90, p<0.001) more more

kcals from whole milk, respectively, compared tghrhincome persons. Similar patterns were
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observed for soda while the opposite was truevi@yafrom-home pizza: lower income
consumers obtained fewer kcals per day from pippapared to higher income persons
(Table 2).

Using the mean total daily energy (kcals), bodygwe and HOMA-IR values, we
applied the energy, weight and HOMA-IR estimatesttities to determine the association
of these independent variables with increasing fadl beverage prices. An 18% increase in
the price of a 2 L bottle of soda was associated am average 56.5 (SE: 12.2, p< 0.001)
fewer total kcals (Figure 1), 0.8 (SE: 0.3, p=0.)048und lower weight (Figure 2), and a 0.11
(SE: 0.02, p<0.001) lower HOMA-IR score (Figure l¥)ding all other factors constant.
Pizza was the only other food that had consistéetthree dependent variables were in the
same direction) associations with total energy.¢Z6E: 35.5, p=0.457) kcals), body weight

(-3.25 (SE: 1.02, p=0.015) Ibs), and HOMA-IR scEfe14 (SE: 0.06, p=0.015)).

Due to their strong cross-price elasticities, \e® @&stimated the additive association
of changing the price of soda, pizza or soda anzlgpon total energy intake, body weight
and HOMA-IR. A 10% increase in the price of botlla@nd pizza was associated with an
additively greater percent change in total enenggkie, body weight, and HOMA-IR scores
compared to increasing the price of just one adelfeods. For example, increasing the price
of soda or pizza alone resulted in a 1.17% (SE,(p20.001) and 0.52% (SE: 0.70,
p=0.457) decrease in total energy while a 10% asmen the price of both soda and pizza
resulted in a 2.27% (SE: 0.63, p<0.001) decreas&tahenergy. Similar patterns were

observed for body weight and HOMA-IR scores (Figdire
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D. Discussion

Price manipulations on unhealthy foods and bevearagee been proposed as a
potential mechanism for improving the diet and titealtcomes of Americans (Cash et al.
2005; Chouinard et al. 2007; Popkin 2008). TheestdiNew York has proposed an 18% tax
on sugary sodas and soft drinks in an effort taicedbesity and raise as much as $400
million per year for health programs (Chan 2008y the city of San Francisco is
considering similar legislation (McKinley 2007). \lthsome argue that there is little
evidence such a tax would improve health or pasiivmpact obesity rates (Finkelstein et
al. 2004), at least one cross-sectional study tegdhat a tax on caloric soft drinks drinks
was inversely associated with weight, especiallgnvthe prices of complementary foods are

also altered (Schroeter et al. 2008).

Our results, which are based on observed assatsabietween food prices,
consumption behavior, and health outcomes overyea0 period, provide stronger evidence
to support this conclusion: an increase in thegsriaf soda and pizza was associated with a
decrease in consumption, declines in overall engrtgike, reduced weight gain, and lower
HOMA-IR scores. Using the elasticity estimates ot#d in this study and mean daily
energy, weight and HOMA-IR values in our sample,esgmate that the 18% tax proposed
by the state of New York would result in a 56 kdatline in daily total energy intake ((18
[proposed tax]*(-0.1116978 [estimated elasticit¥}11.9 kcal [mean daily kcals in our
sample]), 0.8 pound lower annual weight gain ((¢:-8*0262884))*170.8 Ibs), and 0.11 ((18*

(-0.1891469)) *3.23 HOMA-IR) lower HOMA insulin soes among young to middle aged
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adults. At the population level, declines of 5@lkger day would be associated with a
reduction of roughly 5 pounds per person per yaad,significant reductions in the risks of
most obesity-related chronic diseases (Wing €t387; Wood et al. 1988; Goldstein 1992).
It is important to note that price elasticities aseially higher for children and teenagers and
the elderly, so the overall impact of the New Y&tate tax on all its citizens might be
greater than noted here (Grossman and Chaloupkg Co@loupka et al. 2002; Liang et al.

2003; Warner 2005).

Furthermore, we found that real (inflation-adjustedces of soda and away-from-
home foods, commonly associated with increasedicatonsumption and adverse health
outcomes (Schulze et al. 2004; Dhingra et al. 20Qiffey et al. 2007; Vartanian et al. 2007;
Rosenheck 2008), have decreased over time. Implerggmolicies aimed at slowing, or
reversing, the decline in price for these fooddadiave a potentially beneficial effect on the

health of the US adult population.

Our results are in the same direction as thoseteghelsewhere. In France and Italy
demand elasticity was negative and relatively shoalfluid milk, but more price sensitive to
changes in income (Bouamra-Mechemache et al. 28@8)lar in direction but of greater
magnitude, Barquera et al report that 10% pricecizes were associated with a decline of
roughly 7 and 23 kcals per day from whole milk @onda respectively in a sample of
Mexican adolescents and adults (Barquera et aB)20bie considerable difference in
magnitude of effects between the US and Mexicarpkamay indicate that US adults are

less price sensitive, however a direct comparisorot possible due to differences in dietary
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methodology (direct weighing and recipe collectv@nsus food-frequency questionnaire)

and study-design (cross-sectional versus longialfin

The observed own-price and cross-price elastioie@seport in the current study
provide further support for the observed effectdody weight and total energy. Own-price
elasticities were strongest for soda and away-fhmme pizza, with price inversely
associated with consumption and although cros® @ili@sticities were sometimes in the
opposite direction they had a smaller magnitudefigict. For example, a 10% increase in the
price of soda was associated with a -7.1% deciieassdories kcals from soda, but only a
3.1% increase in calories kcals from pizza. Sinfidlaange of potential complementary and
replacement foods are not available, we are canefilo draw conclusions about the nature

of the relationship between such disparate foods.

While there are many strengths as a result of usiegCARDIA data, our analysis is
limited by its focus on a small number of food de¥yerage groups. Additional and
important substitution and complementary foods lagxkrages may exist and should be
examined in future studies. The relationship betw@&ce and consumption of “healthy”
food items (i.e. raw fruits and vegetables) sh@léth be examined; our price data did not
allow for evaluation of these relationships. Furthere, we are not able to capture the full
range of substitutability for the foods and bevesagxamined (i.e. using low-fat or skim
milk if the price of whole milk increases, or chowsanother fast food sandwich if
hamburger prices rise), and thus we might havedai take into account important

explanations for our outcomes. Ideally, a fullsiprices and food groups would have been

37



utilized, and the association between price andadMeealth examined using the demand
approach frequently employed by economists, theo&indeal Demand System (Wu et al.

1995; Huang and Bouis 1996; Huang 1997).

Although we show significant differences by inconmeome did not modify the
relationship between price and consumption inghimple. Deeper exploration of the
interactions between food price and income mayrbeia in other samples. Finally, this
study has limited generalizability to non-US andiyger populations. However, adolescents
have been observed to be much more responsivécgiranges in cigarettes than adults
(Grossman and Chaloupka 1997; Chaloupka et al.;2082g et al. 2003). We expect the

relationship for price changes in foods and bewesag be similar.

Despite these limitations, ours is the first digtaehavior study in the US to examine
both thedirect effects of a price change on intake of a particidad (own-price elasticity)
and thandirect effects on substitutes and complementary foodssgeprice elasticities).
Furthermore by doing this over a long-term timegmkrwe control for individual
heterogeneity and are able to draw conclusionstdimw an individual’s dietary behaviors
would respond to changes in food price over a 20-period. Finally, our findings highlight
the substantial disparities between the fieldswdldng and dietary behavior research. While
there are extensive data sets on tobacco pricerandling behavior, there is a palpable

scarcity of comparable data sets related to foax @nd consumption in the United States.
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In conclusion, our findings suggest that natiostdte, or local policies which would
alter the price of less healthy foods and beveraggsbe one possible mechanism for
steering US adults toward a more healthful dietiléuch policies will not solve the
obesity epidemic in its entirety, they could pr@areimportant strategy to address
overconsumption, help reduce caloric intake, artdrgally aid in weight loss and reduced

rates of diabetes among US adults.
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Table 1. Average price and energy consumptimm food and beverage groups at each exam year.

Year O Year 7 Year 20 n Pooled
Price ($)
Soda 2.71 (0.31) 1.67 (0.17) 1.42 (0.24) 12,123 2.05 (0.63)
Whole Milk 2.00 (0.18) 2.04 (0.12) 2.24 (0.25) 12,123 2.08 (0.21)
Orange Juice 1.29 (0.42) 2.01 (0.33) 3.19 (0.76) 12,123 2.01 (0.92)
Hamburger 2.50 (0.18) 2.65 (0.26) 2.67 (0.22) 12,123 2.60 (0.23)
Pizza 13.48 (0.79)  12.01 (1.23) 10.80 (0.90) 12,123 12.32 (1.47)
Daily kilocalories Per Persdn
Soda 100 (2) 122 (7) 137 (20) 12,123 105 (2)
Whole Milk 100 (3) 54(4) 32(8) 12,123 90 (2)
Orange Juice 115 (2) 114(9) 69 (11) 12,123 116 (2)
Hamburger 59 (2) 71(4) 133 (12) 12,123 62 (1)
Pizza 95 (2) 113(5) 74 (7) 12,123 100 (1)
Percent Consuming
Soda 76.9 (3.4) 75.0 (8.0) 69.1 (20.7) 12,123 76.5 (0.3)
Whole Milk 46.5 (2.8) 33.0 (7.9) 26.0 (27.7) 12,123 43.4 (0.2)
Orange Juice 95.4 (6.8) 93.4 (14.4) 79.7 (26.6) 12,123 95.2 (0.5)
Hamburger 52.2 (2.8) 64.5 (7.4) 86.8 (21.4) 12,123 55.5 (0.2)
Pizza 84.5 (3.9) 88.0 (10.4) 83.1(6.4) 12,123 85.4 (0.3)
Daily kilocalories Per Consunter
Soda 131(3) 163(9) 219(38) 7,992 137 (23)
Whole Milk 204(6) 164(13) 134(45) 3,862 203 (5)
Orange Juice 120(2) 121(10) 85(12) 11,087 121 (2)
Hamburger 110(3) 110(6) 106(10) 6,670 109 (2)
Pizza 112(2) 129(5) 81(8) 10,125 117 (2)

*Values are mean (SD). Energy intake is roundemaktarest whole kilocalorie and are age and gendestad. Price data are real
prices, in 2006 dollars, for a 2L bottle of sodad®&), a one-half gallon of whole milk (Whole milk)60z can frozen orange juice
(Orange Juice), a ¥4 Ib hamburger purchased at &fas restaurant (Hamburger), and a 13-inch chpza, regular crust,
Purchased away-from-home (Pizza).

“Per person” estimates include non-consumersnaséis apply to the entire sample, regardless othehan individual
consumed the food or beverage.
* “Per consumer” estimates are restricted to conssiared estimatesnly apply to those who consumed the food or beverage.
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Table 2. Relationship between 20-year price andwmption of foods and beveragesnong adults, n= 12,123 observations.

% change in energy from: Incomé

Soda Whole Milk Orange Juice Burger Pizza Low Middle
18% increase in the price of:
Sod& -12.81 (3.30) 7.39 (5.43) -0.41 (1.79) -7.57 (4.70) 17.91 (7'111) 4.04 (1.112) 3.67 (0.97%
Whole Milk! -0.68 (3.32)  4.28 (5.83) -3.67 (1.85) 5.36(4.24) 12.37 (6.70) 8.43 (1.01) 5.23 (0.90
Orange Juice -3.53(2.65) -9.18 (5.00)  2.39 (1.63) 1.81 (3.75)-0.33 (6.06) -0.55 (0.83) -0.15 (0.74)
Hamburger 5.31 (3.14 -0.70 (5.17)  -1.72 (1.75) 3.65 (4.49)-10.93 (6.70 -1.31 (1.07) 1.51 (0.93)
Pizzd' 5.59 (2.57% -3.08 (4.42)  -3.03(1.52) 2.64(3.55) -20.70(5.51) -4.48(0.93) -1.45 (0.78)

"Values are elasticity (SE) derived from log-log ratsdof daily calories from food or beverage on @€ food or beverage. All
models control for logged values for the priceada, whole milk, orange juice, hamburgers and pezavell as CARDIA study
center, age (continuous), race, gender, educatmnleted elementary school, some high school, teiegphigh school, some
college, and completed college [referent]), farsiiyicture (single, married [referent], single wathildren, and married with
children) annual household income (low (<$25,0@@iydle ($25,000- <$50,000), high (>$50,000) [refe}e logged cost of
living index, imputed price (indicator, yes/no) daimme (year 0O, year 7, and year 20 [referent]) eStimates calculated using
1000 bootstrapped replications. n= 12,123 obsemsti

" Significantly different from zero, p<0.05.

*Relative to high income >$50K

8 Soda model also controls for the logged price ofewbeer, and fried chicken (elasticities not sHown

'Whole milk model also controls for the logged praf coffee (elasticities not shown).

| Orange juice model also controls for the loggddepof bananas and bread (elasticities not shown).

” Hamburger model also controls for the logged poiciied chicken, parmesan cheese and steak (@tastinot shown).

™ Pizza model also controls for the logged pricé&iefl chicken (elasticities not shown).



Figure 1. Effects of an 18% increase in the pricsetected foods and beverages 20-year
percent change in total energy.
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" Each food/beverage and outcome variable were modelependently (n=15 models) as
longitudinal linear regression models of loggedcoute (total calories (kcal, n (Obs.)=
12,007), weight (lbs, n (Obs.)=11,972), and HOM&A(h (Obs.)= 10,218)) on the logged
price of soda, whole milk, orange juice, burgerg] pizza. All models controlled for age
(continuous), race, gender, income (low (<$25,0000dle ($25,000-<$50,000), high (
>$50,000) [referent], missing income), educatiomigh school (HS), completed HS
[referent], 3 years college,4 years college), family structure (single, matiieferent],
single with children, married with children), logfjeost of living, imputed price (indicator
variable, yes/no), and CARDIA study center. Modeith weight as the dependent variable
also controlled for participants’ height. Modelguesd for clustering at the individual level.
For all outcomes, individual food and beverage nsfigther control for the price of the
following compliment and replacement foo@eda models: wine; Whole milk models:
coffee, corn flakes, bread, and banaf@rsgnge Juice models. bread and bananas;
Hamburger (burger) models. fried chicken, steak, and parmesan cheltisza models.
fried chicken.

" Estimate is significant at<0.05 level.
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Figure 2. Effects of an 18% increase in the pricsetected foods and beverages 20-year
percent change in body weight.
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" Each food/beverage and outcome variable were mibitedependently (n=15 models) as
longitudinal linear regression models of loggedcoute (total calories (kcal, n (Obs.)=
12,007), weight (Ibs, n (Obs.)=11,972), and HOMAh (Obs.)= 10,218)) on the logged
price of soda, whole milk, orange juice, burgersg] pizza. All models controlled for age
(continuous), race, gender, income (low (<$25,0000ldle ($25,000-<$50,000), high (
>$50,000) [referent], missing income), educatiomigh school (HS), completed HS
[referent], 3 years college,4 years college), family structure (single, matiieeferent],
single with children, married with children), logfeost of living, imputed price (indicator
variable, yes/no), and CARDIA study center. Modeith weight as the dependent variable
also controlled for participants’ height. Modelguwst for clustering at the individual level.
For all outcomes, individual food and beverage nwflether control for the price of the
following compliment and replacement foo@eda models: wine; Whole milk models:
coffee, corn flakes, bread, and banaf&sgnge Juice models. bread and bananas;
Hamburger (burger) models: fried chicken, steak, and parmesan cheleisza models:
fried chicken.

" Estimate is significant at<0.05 level.
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Figure 3. Effects of an 18% increase in the pricsetected foods and beverages 20-year
percent change in HOMA-IR.
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" Each food/beverage and outcome variable were mibitedependently (n=15 models) as
longitudinal linear regression models of loggedcoute (total calories (kcal, n (Obs.)=
12,007), weight (Ibs, n (Obs.)=11,972), and HOMAh (Obs.)= 10,218)) on the logged
price of soda, whole milk, orange juice, burgerg] pizza. All models controlled for age
(continuous), race, gender, income (low (<$25,0004ldle ($25,000-<$50,000), high (
>$50,000) [referent], missing income), educatiomigh school (HS), completed HS
[referent], 3 years college,4 years college), family structure (single, matiieferent],
single with children, married with children), logfjeost of living, imputed price (indicator
variable, yes/no), and CARDIA study center. Modeith weight as the dependent variable
also controlled for participants’ height. Modelguest for clustering at the individual level.
For all outcomes, individual food and beverage nsfigther control for the price of the
following compliment and replacement foo@eda models: wine; Whole milk models:
coffee, corn flakes, bread, and banaf@rsgnge Juice models. bread and bananas;
Hamburger (burger) models. fried chicken, steak, and parmesan cheltisza models.
fried chicken.

" Estimate is significant at<0.05 level.
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Figure 4. Effects of a 10% increase in the priceanfa, pizza or soda and pizza on percent
change in total energy, body weight, and HOMA-IRrec
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" Estimates derived from longitudinal linear regressinodel of logged outcome (total
energy (kcal, n (Obs.)=12,007), body weight (lb$Dbs.)= 11,972), and HOMA-IR (n
(Obs.)=10,218)) on the logged prices of soda, winalk, orange juice, burgers, pizza. All
models controlled for age (continuous), race, gerideome (low (<$25,000), middle
($25,000-<$50,000), high=$50,000) [referent], missing income), educatioti@gh school
(HS), completed HS [referent], 3 years collegd, years college), family structure (single,
married [referent], single with children, marriedwchildren), logged price of the
replacement beverage wine, the logged cost ofgiviiving imputed prices (indicator
variable, yes/no), and CARDIA study center and anted for clustering at the individual
level. Models with weight as the dependent variaide controlled for participants’ height.
" Significantly different from zero, p<0.05.
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V. Differential metabolic associations between restaurant and fast food consumption:

The CARDIA Study

A. Introduction

Away-from-home food (available in fast food plaeesl restaurants) contributes
significantly to daily caloric intake (Paerataktilaé 2003) and accounts for roughly one-
third of energy intake among certain subpopulatipasticularly young adult males (Nielsen
et al. 2002; Bowman et al. 2004). Fast food consiomhas been associated with adverse
health outcomes including increased risk of exeesght, body fatness, poor dietary quality,
and insulin resistance/diabetes (McCrory et al 91 %&eratakul et al. 2003; Bowman et al.
2004; Bowman and Vinyard 2004; Pereira et al. 200%dstrom et al. 2006; Duffey et al.
2007), all of which are hypothesized to result fribva larger portion sizes (Young and Nestle
2002; Diliberti et al. 2004), higher energy dengRyentice and Jebb 2003; Schroder et al.

2007), or higher fat content of fast food (Steneteal. 2007).

Mechanisms for the direct contribution of fastdantake to the development of
diabetes and other obesity-related co-morbiditreduding dyslipidemia, have also been
proposed and include higher leveldmins and saturated fatty-acids, low
unsaturated:saturated fat ratio, greater portioess{Nielsen and Popkin 2003), and lower
fiber content of fast food compared to foods ol#difrom other sources (Parillo and

Riccardi 2004).



Cross-sectional (French et al. 2000; Satia €004) studies have demonstrated an
association between away-from-home food consumptitnweight and glucose outcomes,
but these studies have limited ability to addresssality due to concurrent assessment of
exposure and outcome. Prospective observationdiest(Pereira et al. 2005; Duffey et al.
2007) have also demonstrated an association betawegyrfrom-home food consumption
with weight and glucose, but only one differentinbetween restaurant and fast food intake

(Duffey et al. 2007).

In cross-sectional and longitudinal observatiatadies it is possible that frequent
away-from-home food consumption serves as a méokemmeasured adverse health
behaviors (i.e. sedentary lifestyles or sweet pegiees) which underlie increased disease
risk. Longitudinal modeling strategies, which cahfor unobserved and/or unmeasured
individual level factors, are needed to addresspbint. Finally, while there exists extensive
research on the association of fast foods with iateagd insulin resistance, the relationship
between away-from-home food consumption and a bseadf metabolic outcomes has not
been examined, and there is a scarcity of studiasming the differential affects of fast
food versus restaurant food intake. At least ondysthat has attempted to differentiate

between these sources are limited by a short tumation (Duffey et al. 2007).

To address these limitations, the purpose of thegnt study was to examine the
association between 1) average baseline away-flameHood (restaurant and fast food)

consumption on 13-year health outcomes and 2) dway-home food consumption with
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13-year changes in health outcomes. Based on pevesearch in this population (Pereira et
al. 2005; Duffey et al. 2007), we hypothesized that food and restaurant consumption
would be differentially associated with weight, Hemstatic Model Assessment (HOMA)
insulin resistance score, total cholesterol, taglydes, low-density lipoprotein cholesterol

(LDL-C), and high-density lipoprotein cholesterblL-C) levels.

B. Methods
1. Study Population

Data were taken from The Coronary Artery Risk Depment in Young Adults
(CARDIA) study, a prospective study of the deteramts and evolution of cardiovascular
risk. Recruitment procedures were designed to efeaanced representation of age, gender,
ethnicity, and education groups within each offthe study sites. Five thousand one-
hundred fifteen young adults (aged 18-30) complétedaseline survey (1985-86). Follow-
up examinations were conducted at 2, 5, 7, 10ai&,20 years post baseline with retention
rates of 91%, 86%, 81%, 79%, 74%, and 72% respygtildata from exam years 7, 10, and
20 were used for this study. Detailed descriptioiithe sampling plan and cohort
characteristics are described elsewhere (Hughals #887; Friedman et al. 1988). The
analytical sample included surviving cohort membvein® had complete outcome and
covariate data at each time point. Exclusion gatercluded pregnancy (n=92, all models),
taking cholesterol-lowering medication (n=326, @stérol models), or being diabetic,
including taking anti-diabetic medication (n=303)MA-IR model). Sample sizes differed

for each modeling framework and outcome variabés¢dbed below).
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2 Away-From-Home Eating

Our main exposure, frequency of restaurant artddasl consumption, was
ascertained at each exam year. Participants wkeel dslow many times in a week or month
do you eat breakfast, lunch or dinner in a plach s McDonald’s, Burger King, Wendy’s,
Arby’s, Pizza Hut, or Kentucky Fried Chicken?” asubsequently “How many times in a
week or month do you eat breakfast, lunch, or diab@ restaurant or cafeteria?” Questions

were open ended, but calculated to reflect a p&kwensumption frequency.

2. Anthropometrics, Insulin Resistance & Blood dgpi

Measured height (nearest 0.5 centimeter (cm)waight (nearest 0.1 kilograms
(kg)) were collected by trained technicians. Waistumference (measured in centimeters
(cm)) was measured midway between the iliac crestlae lowest lateral portion of the rib

cage using the average of two measurements.

Fasting insulin, glucose and blood lipids wereagidd by venous blood draw
Glucose was measured using hexokinase coupleditcogg-6-phosphate dehydrogenase.
The homeostasis model of insulin resistance (HOMAS calculated as [glucose (mmol per

liter) X insulin U per liter)]/22.5](Matthews et al. 1985).

Plasma total cholesterol and triglycerides werasueed using enzymatic
assay(Pesce and Bodourian 1976) at each followsifp MDL-C was assayed aftéextran
sulfate-magnesium precipitation(Warnick et al. 19&2d LDL-Cwas estimated from the

Friedewald equation (Friedewald 1972). LDL-C lewgkxe not calculated for persons who
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had measured triglyceride values >400 mg per dec{in=68). To convert cholesterol values
to millimoles per liter (mmol/L) multiply by 0.025fr total cholesterol, LDL and HDL-C,

and 0.113 for triglycerides.

4. Covariates

Using standardized questionnaires, self-reporteamation on sociodemographic
characteristics and selected health behaviors e@lected including age, education (highest
level achieved), smoking status, family structumauied, single, married with children,
single with children), and sedentary behavior (s@frTV watched per day). Race (black vs.
white) and gender were verified at each follow-upra. Physical activity (PA), presented as
Exercise Units (EU) per week, was assessed uss\GARDIA physical activity
guestionnaire (Jacobs et al. 1989). For refere8@@ EUroughly approximates the American
College of Sports Medicimecommendations for the amount of exercise neexsdgport
weight loss (5 sessions of 300 kilocalories [12B6jd&ules] of weekly energy expenditure)
(American College of Sports Medicine 1993). Duadn-linearity with the outcome, PA

was dichotomized as high 474 EU per week) versus low (< 474 EU per week).

5. Statistical Analysis

All statistical analyses were conducted in Sta&gjon 10.0, College Station, TX).
Using ordinary least-squares regression modelsratesikamined the association between
fast food and restaurant consumption (averageafyand 10 times per week, divided into
guartiles: lowest quartile [referent]) with year @@tcomes (weight, HOMA-IR, waist

circumference, total cholesterol, triglycerides,U-0, and HDL-C) controlling for
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sociodemographic (age, race, education, familycsire, and CARDIA exam center) and
behavioral (smoking status, physical activity, Isoof television viewing, total calories, and
change in fast food and restaurant consumptiondsstwear 10 and 20) covariates. Year 20
outcome values were obtained from each estimateddoefficient using the ADJUST

command in Stata.

For each outcome, we used persons with compléte @athose with complete
exposure and outcome data (n=2,439 (weight); n-&E®MA-IR); n=2,437 (waist
circumference); n=2,193 (total cholesterol, triglsides, and HDL-C); n=2,170 (LDL-C)) we
excluded those missing covariate data (n= 1341gtgin=122 (HOMA-IR); n=133 (waist
circumference); n=117 (total cholesterol, triglydes, and HDL-C); n=125 (LDL-C)) or
information on change in restaurant and/or chandast food exposure between years 10
and 20 (n=672 (weight); n=606 (HOMA); n= 667 (waistumference); n=603 (total
cholesterol, triglycerides, and HDL-C); n=596 (L)) resulting in final sample sizes of
n=1,633 (weight), n=1,510 (HOMA-IR), n=1,637 (watstcumference), n=1,473 (total

cholesterol, triglycerides, and HDL-C), and n=1,4bBL-C).

While estimates obtained from standard regressiodels, like those described
above, are useful in providing an estimate of trexrage effect of away-from-home food
consumption on subsequent health outcomes, theseatss can be influenced by
unobserved (i.e. an individual’'s motivation to leahhy) or unmeasured (i.e. knowledge of
the risk of being overweight) variables- particiyahose that change over time. To address

this we use longitudinal, repeated measures camditiregression models (also known as
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fixed-effect longitudinal models). Conditioned dmetsubject, these models estimate
parameters for characteristics that are time-vanathin the individual (e.g. weekly fast

food consumption), while time invariant paramet{erg. gender) are not estimated. Repeated
measures conditional regression models are advemiadecause they (1) adjust for
potential confounding by all measuraxdd unmeasured time invariant characteristics (e.g.
genetic factors) that are not modifiers of thetrefeship of interest; (2) they partition error
terms into within and between individual errorsg @ajust for correlations between repeated
measures taken on the same subject and (3) thegpable of handling unequally spaced

longitudinal data.

For each model, time-varying fast food and restaticonsumption [continuous] were
regressed on time-varying outcome variables [caotiig], controlling for time-varying
demographic (including age, education, and famiycsure) and lifestyle factors (including
physical activity, sedentary behavior, and smolstagus). Exclusion of persons with
predicted residual values4 standard deviation units (resulting in the esido of <1% of
observations for all models) did not effect resatisall observations were used. Using all
available data across 13 years and 3 exam perrogiglpd the following sample sizes
[observations (subjects)]: Weight: 8,489 (3,987TQMA-IR: 7,921 (3,873); waist: 8,472

(3,982); total cholesteral, triglycerides & HDL-8,;152 (3,926); LDL-C: 7,466 (3,450).

C. Results
As the population aged there was an expectedaserm level of education, mean

BMI and percent overweight and obese (Table 3).difierence in weekly consumption
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between the lowest and highest quartile of fastl fad restaurant consumption decreased
over time, from 4-3 times per week at year 7 to 2u8 times per week at year 20. Declines
were similar for restaurant consumption, althoughpersons in the highest quartile of
restaurant consumption consumed more restaurarns peaweek than those in the highest
quartile of fast food consumption (mean (SE): 8.4)vs. 2.6 (0.1) times per week). PA and

sedentary behavior changed very little (Table 3).

Compared to the lowest quartile of fast food comgtion, persons in the higher
guartiles has significantly higher year 20 weighd avaist circumferences, HOMA-IR
scores, triglyceride levels and significantly lowlDL-C levels (Table 4). For example,
compared to the lowest quartile of fast food intgdersons in the highest quartile were an
average 5.7 kg (95% Confidence Interval [95%CI];, 8.2, p=0.002) heavier, had an
average 5.3 cm (95% CI: 2.8, 7.9, p<0.001) largasty22.7 mg/dL (95% CI:9.1, 36.3,
p=0.001) higher triglyceride levels, and an averademg/dL (95% CI:-8.3, -2.6, p<0.001)
lower HDL-C level. Conversely, while the associaidoetween greater weekly restaurant
consumption tended to be in the opposite direc®that observed for increasing fast food

intake, none of the estimates reached statistigaificance (p>0.05).

Unlike the observed effects associated with baselonsumption and year 20
outcomes (Table 4), the addition of one additiome¢kly fast food or restaurant
consumption eating occasion was positively assediafth 13-year changes in weight and
waist circumference (Table 5). In the fully adjustaodels (Model 2) an increase of 3 times

per week consuming fast food (restaurant) was &ssocwith 0.45 kg (0.27 kg) weight gain.
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Changes in waist circumference were small, butimbugquivalent between restaurant and
fast food. Changes in fast food and restaurantwopson were unrelated to changes in

HOMA-IR and cholesterol levels.

D. Discussion

Using prospective data spanning 13 years, we fohaichigher average baseline fast
food, but not baseline restaurant, consumptionpuagively associated with year 20 health
outcomes including weight and waist circumferemt®MA-IR score, and triglycerides and
negatively associated with year 20 HDL-C levelse§éassociations are clinically relevant.
For example, someone measuring 187 cm (1.87 meteighing 84.4 kg at year 20 would
go from a year 20 BMI of 24.2 (year 20 BMI= [84 &7 nf)]= 24.1) to a predicted year 20
BMI of 25.8 (predicted year 20 BMI = [(84.4+5.7 Kg)87 m¥] = 25.8) if they were in the

highest compared to the lowest quartile of fastifodake.

Similarly, the average increase in triglyceridé2®.7 mg per deciliter in the highest
(4™ compared to 9.4 mg per deciliter for persondhingecond lowest 19 quartiles
respectively results in a 4% increase in the priogoof the sample classified as having high
year 20 triglyceride levels$=(50mg per deciliter) according to the National @sterol
Education Program ATP Il Guidelines (NHLBI 200pyédicted triglyceridez150mg per
deciliter: Quartile 4, 175 of 981 persons [17.8@liartile 2, 111 of 829 persons [13.4%)]).
For persons with additional coronary heart disesefactors this could be the difference

between needing and not needing medication.
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One additional weekly away-from-home eating eweas also associated with greater
13-year anthropometric changes, although the atesatnount differed between restaurant
and fast food. In longitudinal repeated measureslitional regression models, restaurant
and fast food consumption were unrelated to chamgd®©MA-IR score and cholesterol

levels over the 13-year period.

For weight and insulin resistance outcomes, pre/giudies in this cohort report
comparable findings. Pereira et al. found thatgessvho were frequent consumers of fast
food at baseline and during 15 years of follow-ap Qreater weight gain than did infrequent
consumers (persons who consumed fast food threm@ versus one time per week gained
an additional 2 kg) (Pereira et al. 2005), howefézcts of restaurant food consumption
were not considered. To address this gap, our groopared three-year changes in fast food
and restaurant consumption, and found that incdefast food only, or both restauraarid
fast food consumption, were associated with thes-jncreases in BMI (0.20 kgfrand
0.28 kg/nf respectively, p<0.05) while restaurant consumpémme was unrelated to BMI
change (Duffey et al. 2007). The current findingtthreater restaurant consumption is
positively associated with 13-year changes in weagiad waist circumference likely results
from the use of more complex modeling strategieshich we model change in weight, not

BMI, over a longer time span.

Despite control for many individual-level factossgnificant relationships with away-
from-home food consumption were observed. Thegkfgs may result from unmeasured

area-level factors (e.g. neighborhood socioeconataittis, price of fast food) which could
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influence whether restaurants versus fast foocketsutlere commonly patronized (Morland et
al. 2002; Reidpath et al. 2002; Block et al. 20@)d we cannot discount the fact that such
factors may be partially responsible for the déferes in the associations between
consumption frequency and change in weight (Liale2002; Gordon-Larsen et al. 2006).
Individuals might also eat differently when visgia fast food versus a sit-down style
restaurant. Continued examination of area-levdéli@mfices on individuals’ dietary choices at

away-from-home food places are needed to address thoints.

Further limitations of this study include self-oefed away-from-home eating and
other lifestyle factors (which may bias our restittward (Heitmann and Lissner 2005) or
away from the null (Heitmann and Frederiksen 2003}ential residual confounding by
unobserved, time-variant factors external to thigvidual, and an inability to differentiate
between persons who consumed 1) healthier verssd&althy meals at various fast food
locations or 2) persons who regularly consume ffashfood restaurants where healthier
food options are available from those places wkaoh offerings are not present. Finally,
many fast food restaurants have made considerhblgges to their preparation methods (i.e.

eliminatingtrans-fats) which are not captured by our data.

However, this study used comprehensive longitudpraspective data with high
rates of retention across study years; outcomes measured directly using standardized
methods, which helps ensure more accurate assessshaithropometric and biochemical

measures; and, we are able to rule out structordbanding as a cause of our results
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because there is considerable overlap in personsavehconsumers of both fast food and

restaurant food at each exam year (7 (82%), 10 &b 20 (74%)).

To our knowledge, this is the first study to shitnat away-from-home food
consumption is adversely associated with metalb@adth outcomes, namely total
cholesterol, triglyceride, and HDL-C levels, anddport important differences between
restaurant and fast food intake. Future researchldfexamine differences in the types of
individual foods that are available and consumegstaurants versus fast food places, and
pilot studies should consider pricing or other potions to educate individuals about the role
of away-from-home eating in maintaining a healtigt dnd preventing weight gain and its

associated co-morbidities.
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Table 3. Sociodemographic and behavioral charatiesiof CARDIA adults with complete

data (n=3,643)

All years
Black- % (SE) 51.6 (0.4)
Female- % (SE) 54.5 (0.4)
Year 7 Year 10 Year 20
(1992-93) (1995-96) (2005-06)
Away-From-Home Eatiny
Fast Food- times/week 1.9 (25) 1.8 (2.0y 1.7 (2.4}
Fast Food Intake, by Quartile
Quartile 1 0.2 (0.01) 0.2 (0.01) 0.6 (0.1)
Quartile 2 0.8(0.02) 0.9 (0.02) 1.4 (0.1)
Quartile 3 1.8 (0.04)  1.8(0.04) 1.8 (0.1)
Quartile 4 4.5 (0.1) 3.9 (0.1) 2.6 (0.1)
Change from previous exam - -0.16 (2.4) -0.13 (2.7
Restaurant- times/week 23(3.2) 2.1(2.3) 2.3(2.5
Restaurant Intake, by Quartile
Quartile 1 0.3(0.3) 0.4 (0.01) 1.4 (0.1)
Quartile 2 1.1 (1.0)  1.0(0.03) 2.0 (0.1)
Quartile 3 2.0 (1.9) 2.2 (0.1) 2.2 (0.1)
Quartile 4 5.7 (5.3) 4.3 (0.1) 3.4 (0.1
Change from previous exam --  -0.30 (3.4) 0.12 (2.8;
Demographics
Age-y 32.0 (3.6) 35.0 (3.7) 45.2 (3.6)
Education- % (SE)
< High School 5.8 (0.4) 6.3 (0.4) 4.3 (0.3
Completed High School 23.4(0.7) 23.2(0.7) 199 (0.7;'“
> High school 70.8(0.7) 70.4(0.7) 75.8 (0.7}
Smoking Status- % (SE)
Current Smoker 27.1(0.7) 25.7(0.7) 19.4 (0.7}
Former Smoker 15.7 (0.6) 16.4(0.6) 19.4 (0.7}
Never Smoker 57.2(0.8) 57.9(0.8) 61.1 (0.8}
Family Status- % (SE)
Married, no children 20.0 (0.6) 17.3 (0.6§ 18.8 (0'7?
Single, no children 31.3(0.7) 28.0(0.7J  23.8 (0.7
Married, with children 37.0(0.8) 42.7 (0.8) 43.7 (0.8§
Single, with children 11.7(0.5) 12.0(0.5) 13.7 (0.6}
Anthropometrics
BMI- kg/m® 26.8(6.1) 27.5( 6.5; 29.5 (7.2;'“
BMI < 25.0- % (SE) 44.6 (0.8) 39.6 (0.8 27.8 (0.8}l
BMI 25.0- 29.9- % (SE) 30.3(0.7) 31.9(0.7) 33.2(0.8)
BMI >30- % (SE) 23.2(0.7) 26.5(0.77 38.1 (0.8;'”
Waist Circumference- cm 84.0 (14.1) 85.9 (14.6) 91.9 (15.6}'
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Table 3(continued). Sociodemographic and behavitratacteristicsof CARDIA adults
with complete data (n=3,643).

Year 7 Year 10 Year 20
(1992-93) (1995-96) (2005-06)

Blood Biomarkers

Glucose - mg/dL 90.1 (19.4) 86.0(8.6) 93.2(10.0j
HOMA-IR 3.5 (5.6) 3.1 (2.3) 3.4 (2.4)
Total cholesterol- mg/dL 177.0 (34.3) 177.7 (34.2) 186.7 (34.6)'
Triglycerides- mg/dL 86.4 (75.7) 91.5(73.5) 107.3 (78.%)!
LD-C- mg/dL 107.6 (31.6) 109.0 (31.8) 110.9 (32.0y!
HDL-C- mg/dL 52.1 (14.2) 50.2 (14. 54.8 (16.8)l
Physical Activity & Sedentary Behavior

Activity- exercise units/day 338.2331.0 (275.0) 335.9 (274.2)

(273.9)
Television Viewing- hours/day 2.6 (1.8) 2.5 (2.0) 2.6 (2.3)

" Values are means (SD). To convert glucose vahiesnol per liter multiply by 0.0555.To
convert total cholesterol, LDL-C and HDL-C valuesitmol per liter multiply by 0.0259, and to
convert triglycerides values to mmol per liter nplit by 0.0113. BMI denotes body mass index,
LDL-C low-density lipoprotein cholesterol, HDL-Cdti-density lipoprotein cholesterol, and
HOMA-IR homeostasis model assessment of insuliistasce

"Data are self-reported and may reflect differericesporting as well as consumption away-
from-home eating) or participation (physical ading sedentary behavior).

* Significant difference using student’s t-test [éonbus] or chi-squared [categorical] tests Year
7 vs. year 10, p<0.01.

8 Significant difference using student’s t-test [éonbus] or chi-squared [categorical] tests Year
7 vs. year 20, p<0.01.

ISignificant difference using student's t-test [éonous] or chi-squared [categorical] tests
between Year 10 vs. year 20, p<0.01.
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Table 4. Year 20 outcomeassociated with quartile of baseline fast food @stiaurant consumption.

Quartile Fast Food Consumption

Quartile Restaurant Food
Consumption

1 2 3 4

1 2 3 4

0-<0.50.5-<1.2 1.2-<25 >2.5

0-<0.7 0.7<15 15-<3 >3

Year 20 Outcomes n
Times/week
Weight (kg) 1,633
HOMA-IR score 1,510

Waist Circumference (cm) 1,637

Total Cholesterol (mg/dL) 1,473

Triglycerides (mg/dL) 1,473
LDL-C (mg/dL) 1,458
HDL-C (mg/dL) 1,473

83.1 86.3 86.7 88.9
(1.4) (1.0) @0 (0.9
3.0 3.3 3.6 3.9

(0.18)  (0.12) (0.13)  (0.14)

89.0 91.8 93.2 94.4
10 (©7)" ©7" ©.7)
188.0 184.6  186.7  188.3
(2.5) (1.9) (1.9) (1.7)
948 104.2 1135 1175
(5.4) 39 B9 @36
111.4 111.8 1113 1134
(2.3) (1.7) (1.7) (1.6)
575  52.6 53.3 52.0
(1.1)  (0.8) (0.8)' 0.7)

870 857 87.7 86.7
11) (1.1  (1.0) (L0)
3.7 3.3 35 35

(0.14)  (0.14) (0.12) (0.13)
935  91.6 928 925
0.8) (0.8) (0.7) (0.7)
1859 1862 186.0 189.0
2.0) (200 (1.7 (19
111.8 1081 107.3 111.7
43) (42 (3.7 (4.0
1119 1113 1115 113.8
1.8)  (1.8) (1.6) (L.7)
528  53.7 534 532
09) (090 (0.8) (0.8)

"Values are predicted mean year 20 outcomes (SEjnelot using beta coefficients from ordinary leagtases regression
models of year 20 outcome (continuous) compariragtde of weekly fast food and restaurant consuorp{average Year 7
and 10, Quatrtile 1 [referent]), controlling for a@2-34y, 35-37y>38y vs. <32y [referent]), race (black vs. whitef¢rent]),
gender, education (< HS, >HS vs. HS/GED [referefdfnily structure (married, married with childresmgle, vs. single
with children [referent]), CARDIA study center (Bitngham, Chicago, and Minneapolis vs. Oakland fexfg), physical
activity >474 EU per week vs. <474 EU per week [refereng]euvision viewing (hours per day, continuous), Yeéaotal
calories (continuous), smoking status (curreninfarvs. never [referent]), and change in fast faod change in restaurant
consumption (year 20 minus year 10). To convedl tholesterol, LDL-C and HDL-C into mmol per literultiply by
0.0259. To convert triglycerides to mmol per liteultiply by 0.0113. HOMA-IR denotes homeostatic mlbassessment of
insulin resistance, LDL-C low-density lipoproteinatesterol, and HDL-C high-density lipoprotein aksterol.

" B coefficient p-value < 0.05.
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Table 5. Longitudinal associations between weekj food and restaurant consumption with 13-yeangé in outcomes.

Fast Food Restaurant Food
B (SE) B (SE)
13-year change Model Model
in outcomes n Obé. 17 2
Weight- kg 3,987 8,489 0.15 (0.05) 0.15 (0.05) 0.09 (0.04) 0.09 (0.04)
HOMA-IR score 3873 7,921 0.02(0.01)  0.02 (0.01) 0.007 (0.01) 0.01 (0.01)
Waist Circumference- cm 3,982 8,472 0.13 (0'04) 0.12 (0.04Y 0.07 (0.03Y 0.08 (0.03Y
Total Cholesterol- mg/dL 3,926 8,152 0.15(0.15) 0.15(0.15) 0.10 (0.12) 0.11 (0.12)
Triglycerides- mg/dL 3,926 8,152 0.24 (0.40)  0.21 (0.40) 0.18 (0.31) 0.23(0.31)
LDL-C- mg/dL 3,450 7,466 0.16 (0.14) 0.16 (0.14) -0.01 (0.11) 0.004 (0.11)
HDL-C- mg/dL 3,926 8,152 0.08 (0.06) 0.09 (0.06) 0.07 (0.05) 0.06 (0.05)

" Values are beta coefficients (SE). To convert toalesterol, LDL-C and HDL-C to mmol per liter rtiply by 0.0259. To
convert triglycerides to mmol per liter multiply By0113. HOMA-IR denotes homeostatic model assessafiénsulin resistance,

LDL-C low-density lipoprotein cholesterol, and HOT high-density lipoprotein cholesterol.

" Derived from number of observations (Obs) acrbesettime periods (exam years 7, 10 and 20) peppdn). Values range

from one to three, with an average of 2.1 obsemnatper person.

* Model 1 is a repeated measures, conditional ladigial model of outcome (continuous) on weekly fastl and restaurant
consumption (continuous), controlling for the timaiant factors age (continuous), education (<H&>vs. HS/GED
Lreferent]), and family structure (married, marrigih children, single, vs. single with childrerferent]).

Model 2 is model 1 plus the time-variant lifestfdetors physical activity (EU per week, continupuslevision viewing (hours
h)er week, continuous), and smoking status (curferer vs. never [referent]).

Coefficient is significant using Wald Tep0.001.
TCoefficient is significant using Wald Tepk0.05.



V1. Synthesis

A. Overview of findings

This research investigates the economic deternsradrbeverage and away-from-
home food consumption and explores the consequefitksse decisions on weight and
metabolic outcomes. Using 20 years of diet andthekta from the Coronary Artery Risk
Development in Young Adults Study, linked by resiti@ location to community food and
beverage prices, our analyses make valuable cationis to the field by advancing our
understanding of the influence of food price ortatig behavior and identifying the
differential effects of restaurant and fast foodsuamption on health. These findings fill
substantive gaps in the literature and have impomaplications for the creation of effective
educational campaigns, obesity interventions oveargon efforts, and state and national
nutrition policies. What follows is a brief summanfyour findings, a synthesis of their

implications, and discussion of directions for fatwuesearch.

1. Price influences individuals’ consumption beloaviand health outcomes

Using prices and dietary intake directly measuatetthe level of the individual, we
examined associations between the percent charigedrand beverage price with (1)
percent change in daily energy from the selectegrages and away-from-home foods and
(2) percent change in total energy intake, bodyhteiand HOMA-IR scores. We report that

as the price of a given food increased, daily enargke from that food, total daily energy



intake, body weight, and HOMA-IR scores decreaBed.example, an estimated 10%
increase in the price of soda was associated wittsimated 7.1% decrease in daily energy
from soda, 1.1% decrease in total energy, 0.3%raeri body weight gain, and 2.0%
decline in HOMA-IR score over 20-years. Furthermaere found that increasing the price of
a combination of foods and beverages resultedchrds total energy intake, weight gain,
and HOMA-IR scores that were greater than thosergbd for changes in a single food
item. In conclusion, these results highlight th@amance of price as a determinant of
consumption behavior and provide support to thefeahational, state, or local policies that
would alter the price of less healthy foods andebages as a potential mechanism for

improving the diets of US adults.

This research fills several substantive gapserliterature. First, prior research on
the relationship between food price and consumgtamrelied on aggregate measures of
consumption (extrapolated to the individual) orafe¢ical models of behavioral responses to
price change. Our research, on the other hand;adimeasures of price and dietary intake,
which were measured directly at the level of thevilual. Thus, our results more closely
approximate the experiences faced by individuats@nvide some evidence for expected
behavior change associated with changing food gri€éerthermore, our research
significantly advances the literature on this tdpycfollowing individuals over a 20-year
period. In doing so, we control for individual hetgeneity and are able to draw specific

conclusions about the response of dietary beh&wviohanges in food price over time.
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2. Restaurant and fast food consumption have difteal associations with health outcomes
Using 13-years of prospective data from blackwhde young adults, our objective

was to examine the relationship between changteiweekly frequency of restaurant

versus fast food consumption with changes in maltigalth outcomes including weight,

waist circumference, HOMA-IR, total cholesteroiglycerides, LDL-C and HDL-C levels.

Compared to those in the lowest quartile of basdist food consumption, persons
in the highest quartile had significantly higheay0 weight, waist circumference, HOMA-
IR scores, and lower HDL-C levels. These relatigmskwvere not observed for weekly
restaurant consumption: individuals in the higlwgsrtile had no difference in 20-year
health outcomes compared to those in the lowestigudurthermore, increased weekly
frequency of both restaurant and fast food consiompmtver the 13-year period were
associated with greater weight gain and changesist circumference, but the effect was

larger for persons who increased their fast fodakie.

Previous studies investigating away-from-home foodsumption and health
outcomes have often failed to differentiate betwiese two food sources. From a
methodological standpoint, our results highligl importance of examining the
independent effects of consuming foods from restasrversus fast food outlets, particularly
when baseline intake is used to predict subsedwesith outcomes. Failure to account for
the differential associations between these two@supes may result in estimates which are

biased toward the null. Furthermore, this studyaades our understanding of the
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consequences of away-from-home eating, by examihmgelationship between fast food
and restaurant consumption with multiple metabledialth outcomes including total
cholesterol, triglycerides, LDL-C and HDL-C level® our knowledge it is the first study to
do so. Finally, this work emphasizes the importasfqaublic health promotion efforts which
target regular consumers of fast food. Identifmatdf healthier food options available at fast
food outlets, the provision of nutritional inforn@at or accessible educational materials to
help consumers make more informed choices, ortbetihealth messages targeting specific
away-from-home consumption behaviors are potegtedficacious methods for reducing the

long-term adverse consequences of frequent fadtdonsumption.

B. Limitations and Strengths

Perhaps the biggest challenge in dietary resdisim our ability to accurately
capture intake. Our assessment of dietary intaketanfrequency of away-from-home food
consumption was data based on self-reported FF&) Satf-report data are subject to
measurement error and recall bias, and can resinaccurate assessment of diet
(particularly when the recall time-frame is larga) misclassification of usual dietary
practices. Although alternative means of captudiegary intake are available, food
frequency questionnaires (such as the Diet Hiattiged in the CARDIA study) have
become the preferred method for measuring dietdake in large-scale epidemiologic
studies (Willett 1998) and the CARDIA Diet Histagynployed several strategies to
minimize recall error (Liu et al. 1994), includitige use of trained technicians to administer
the questionnaire. Nevertheless, difficulty in teeg dietary intake and accurately

evaluating the frequency of away-from-home foodstonption may lead to
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misclassification. This non-differential misclagsdttion would result in estimates that are
biased toward the null. Categorization by quadiflentake, as we used for portions of this

research, helps to reduce misclassification inamalyses.

Ideally, study of the relationship between priod atake would capture prices of the
full range of foods and beverages available foiscomption as this allows for evaluation of
thetotal effects of price on health. Unfortunately, ourulesare constrained by the limited
number of food and beverage prices for which wedtaatlapping dietary intake data.
Overwhelmingly, missing prices were of healthiesdand beverage options. For example,
lettuce was the only fresh vegetable for whichgdata were available, and there was no
matching “lettuce” food group. This further resteid our ability to fully evaluate the effect
of substitutability between related products, foamaple the replacement of low-fat for
whole-fat milk. Despite these limitations, selentmf food and beverage prices was guided
by careful consideration of hypothesized relatigpsietween the variables of interest. In
doing so, we were able to maximize utilizationla# fixed number of diet and price

variables available.

Another important limitation to our analyses iattthey do not identify the particular
foods and beverages consumed at restaurants dridddslaces, and thus we cannot
determine if there are differences in the dietatfgyns of individuals who are frequent
versus infrequent consumers of away-from-home foodbetween frequent consumers of
food from restaurants versus fast food places. iflaisility to expressly examine dietary

patterns may result in dilution of our estimatel@ets. For example, persons who regularly
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consume salads from a fast food restaurant may veyedifferent associations with health
outcomes compared to persons who regularly contiamdurgers and French fries. If these
effects are in opposing directions, failure to asddor the differences would result in

diluted effects. However, our research providesartgnt insight to the differences that exist
between restaurant and fast food consumption agidigints areas where future studies
might offer additional understanding of the relaship between away-from-home eating and

health.

Finally, in this research we cannot fully accofantendogeneity, and thus our ability
to infer causal relationships is limited. Endogégnarises when the outcome and exposure
variables are correlated with a third, often unmeas or unobserved, variable or when
variables within a system (within a model) are prtdl by other variables within the system.
This can be a particularly salient issue for longjibal data, and analyses where exposure
and outcome are multifactorial, particularly whie tlata are not analyzed using appropriate
statistical techniques. For example, there mayrimeaasured individual characteristics
which influence an individuals’ decision to consufast food and that also impact weight

status.

Although we utilized fixed-effect models in aneatipt to address endogeneity, fixed
effect models can only control for endogeneityiaggrom timeinvariant factors or
individual characteristics. Unmeasured or poorhasuged timeariant characteristics,
however, are not accounted for using fixed effegtlets. This may partially explain our

failure to find an effect in longitudinal models @ivay-from-home food consumption on

67



weight and metabolic outcomes (aim 2), where one atiserved using cross-sectional
analyses: change in an individual’s motivationnipiove their health, an unmeasured time-
variant characteristic, could be affecting bothrtheight status and their frequency of fast
food consumption. We are less concerned about emédy in aim 1, as our exposure
variable is fully exogenous (i.e. not predicteddny other variable contained within the

model).

Despite these limitations, this body of researah tmany strengths. Although there
has been increased interest in examining the eftdcway-from-home eating on health, few
studies have attempted to characterize, or indepdlydexamine, different types of away-
from-home food sources. Our research on the differe between fast food and restaurant
consumption has highlighted some striking diffeembetween these two food options, and

may partially explain some of the discrepant figdin the literature on this topic.

The longitudinal, prospective nature of our dags\&nother strength. Using multiple
waves of data, collected over decades, enableal testt for time-dependent factors
associated with fast food and beverage price, copsan, and long-term health outcomes.
Furthermore, these data, in combination with oynliagtion of powerful methodological
modeling strategies, allowed us to partially confivo time-invariant unobserved and
unmeasured characteristics and to increase thesjoreof our estimates. Finally,
longitudinal studies are important for establishi@gnporality; thus our research makes a
considerable contribution to the field which hagédy used cross-sectional data to analyze

these relationships.
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Finally, although many studies have attemptedtomate the effect of food price on
consumption, these studies overwhelmingly use hmideor aggregate (regional or national
level) expenditure data to represent the food aagterienced by individuals. Further, most
studies draw on global measures of availabilittheathan consumption, or utilize aggregate
measures of consumption and estimate to the ingibildvel. Examples of these types of
data and research questions include using natestiahates of sugar availability to evaluate
individual-level sugar consumption, or using housélspending on dairy products to
estimate per person costs associated with milkusopsion. The defining limitation of these
studies is that they do not directly link food gsdaced by an individual to that individual’s

dietary patterns or subsequent health outcomes.

This is a major strength of our research, and &t important gap in the literature.
We utilized directly measured health and diet datsch were linked both spatially and
temporally to prices of a variety of foods and bages as well as other consumer goods and
services. This allows us to more accurately repitethe experience of the individual, and
because these data extend over a full 20-yearghe¢ae@xamine directly how changes in
food price are associated with changes in individiigel purchasing behaviors and health
outcomes. Related, the quality of the CARDIA died &ealth data is a significant strength of
this research. Health outcome data (i.e. weigbtdblpressure) were collected by trained
technicians using repeat measures; the standardigebistory questionnaire, designed
specifically for the CARDIA sample, has been shdwproduce valid and reliable estimates

of dietary intake; and loss to follow-up was minlma
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C. Public Health Significance

In this uncertain economic time, when health-cargts are escalating, and the
prevalence of preventable chronic conditions, sagchbesity and the metabolic syndrome,
continue to rise, the seemingly simple decision atghould | eat?” is becoming
increasingly complex. The decision is influencedioyriad factors acting on multiple levels
and has considerable ramifications for health. @search, which critically examined the
determinants and consequences of dietary intalkenty@ortant implications for advancing
the public’s health by informing effective intentem strategies and nutrition policies aimed

at arresting the rates of obesity and obesity-@dlahronic disease development.

1. Price policies could effectively alter consuraptbehaviors

We found that price increases for selected beesragd away-from-home foods
were associated with decreased energy intake fnosetfoods, as well as global declines in
total energy intake, body weight, and HOMA-IR scooser a 20-year period. Individuals
seemed to be particularly sensitive to changelsdrptice of soda and away-from-home
pizza, and the associated health effects were gneater when the price of both foods were

altered when compared to the estimated effectbaiging the price of soda or pizza alone.

Price is often cited as a motivating factor detemg food choice (Finkelstein et al.
2004; Cardello and Garr (In Press) 2009). Alignetth whese findings, our findings suggest
that local, state, or national policies aimed atistthg the price of less healthy food items

may be one possible mechanism by which to impatswmption patterns and health.
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Numerous states have passed (or are proposing$d lpavs regulating the price of foods
containing sugar and fat (Chouinard et al. 2007Ty. findings suggest that fiscal
interventions, such as taxes, could result in redwonsumption, and may have long-term
health benefits related to decreased energy irgalleveight change. This has clearly been
observed in the tobacco literature, where taxdtemsmresulted in a reduction in smoking
rates, particularly among adolescents (GrossmarChiatbupka 1997; Chaloupka et al.

2002; Wakefield et al. 2008).

Our findings also highlight the need to considecipg of multiple foods and
beverages, particularly foods and beverages thdtl gerve as replacement items for the
taxed good. Given the wide array of food items labée to consumers, it is shortsighted to
assume that narrowly defined taxes, applied toglesifood or beverage item, will have
consequential effects on health, particularly lealitcomes with multidimensional dietary
and behavioral determinants. For example, taxeedean sugar-sweetened beverages might
result in little improvement in health if consumsmply switch to 100% fruit juice or a
high-fat beverage, especially if total energy ietéknot affected. Taking into account
overall dietary patterns and the relationships betwvarious foods and beverages, will
likely result in price policies which have greaitgiftuence on purchasing behavior,
particularly if those policies have clearly definglojectives and are not overly burdensome

to selected subgroups (i.e. lower income individuéFinkelstein et al. 2004).
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2. Successful intervention strategies will needamesider food price

As evidence of a link between diet and diseasegl@sn stronger, recent decades
have witnessed an immense proliferation of intetieas aimed at altering unhealthy dietary
behaviors and promoting healthier ones. Increasadwmption of fruits and vegetables,
fiber, low-fat meats or dairy, reduction in sugaregtened beverages, red meat, saturated fat,
total fat, and decreased snacking have been the gbaumerous nutrition interventions.
Regardless of the dietary target, most intervestEmploy a similar set of techniques:
provision of education materials or use of motwaél strategies aimed at increasing
knowledge and self-efficacy to consume (or not aomes) the targeted food, utilization of
schools or worksites as a means to increase (d&)raaailability, and use of grocery store

point-of-purchase labeling to increase (decreaaeks

Some, but not all, of these interventions havalted in successful behavior change,
but these changes are not always sustained long-Téris may partly be due to the narrow-
scope of the intervention methods. Price has bleewrsto play an important role in
determining dietary behavior, and some studies daweonstrated that the combination of
education and changes in price is a particularlygrul method for altering purchasing and
consumption (Jeffery et al. 1994; French et al.12B0ench 2003). Price is a particularly
salient issue for interventions whose goal is twease intake of the more expensive,
nutrient-rich foods, such as fruits and vegetafrswnowski et al. 2004; Drewnowski and

Darmon 2005).
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We have shown that individuals respond to chamgésod price and that complex
interactions between food prices, consumption biensvand health outcomes exist.
Particularly at set incomes, individuals will likaihake decisions which maximize energy
intake while minimizing food costs (Drewnowski abdrmon 2005). If this is the case, then
simply encouraging low-income households to consomoee costly foods is an ineffective
public health strategy, and food price needs todmsidered if long-term dietary strategies

are to be maintained or dietary recommendationsradho.

3. Identification or provision of healthier food togns at fast food outlets may benefit
consumers’ health

Away-from-home eating is often targeted as a malolié risk factor for obesity
prevention efforts and is cited by the World CariResearch Fund-American Institute for
Cancer Research as a probable cause of weightayaryeight, and obesity “which should
be consumed sparingly, if at all (World Cancer Rese Fund / American Institute for
Cancer Research 2007).” However, our findings ssigipat this blanket statement may be
slightly misleading: distinct from other researohr findings show that frequent
consumption of fast food, but not consumption ttiewn style restaurant food, is adversely
associated with multiple health outcomes. Over-g€i&8 period, higher baseline
consumption of fast food resulted in higher weigbdjst circumference, HOMA-IR scores,
and lower HDL-C levels, but these associations weteobserved for higher consumption

from restaurants.
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The decision to consume food outside the homeflisenced by a variety of factors
and although health is not always one of them fiadings suggest that empowering
individuals’ in their capacity to make the heal8tidietary choices possible, particularly
when patronizing fast food places, may have bera¢féfects on health. Labeling is one
such mechanism by which consumer choices mightfheenced. Requirements for labeling
of transfats resulted in the adoption of healthier ingeadts and preparation techniques used
at many fast food chains (Center for Science irPhielic Interest 2006; Horovitz 2006) and
it is hoped that a recent initiative in the cityNdéw York, which requires fast food outlets to
post calorie information on their menu boards, ggur similar improvements in other

aspects of fast food menu offerings.

Also important is engagement of the restaurantfaod industry as active
participants in improving the quality of their prad. To some extent, fast food outlets have
done this: eliminating trans-fats from their coakmils and super-sized options from their
menus. However, at least one study reported tludit pnargins are the primary determinants
of why food retail outlets do (or do not) add (ontnue to serve) a given food item (Glanz
et al. 2007; Cardello and Garr (In Press) 2009yyislmout increased consumer demand there
is little incentive for restaurants and fast fodalces to continue to offer healthier products.
Furthermore, studies have indicated that most pataoe unaware of the high levels of
calories, fat, and sodium found in many menu ité@wston et al. 2006), but those that were
tended to have healthier diets (Variyam 2008). itHull disclosure by restaurants and fast

food places, uninformed consumers cannot be exppéatdemand healthier options.
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In summary, informational campaigns educatingvitllials about the long-term
health consequences of their away-from-home ediahgs, intervention strategies or
nutrition policies that provide consumers with thels necessary to make healthy and
informed decisions at fast food places, and imtest aimed at engaging the restaurant

industry in the improvement of their products cafphensure future public health.

D. FutureDirections
There are many natural extensions of this resdhaticould help advance our
understanding of the determinants of food and la@eeconsumption and identify possible

means of preventing excess weight gain and wegjhtad co-morbidities.

1. Identify additional determinants of away-fronai®eating

A crucial area for future research involves exation of additional factors which
influence an individual’s food purchasing decisigoarticularly their decision to consume
food away-from-home. Income is one such factorh@ligh commonly cited as a
determinant of away-from-home eating, income fuorias a coarse proxy for a more
complex set of factors which may, or may not, hervécal influences on decisions regarding
consumption. For example, income may representgraaounts of free time, a higher
level of education regarding the importance of raamng a healthy lifestyle, increased
access to healthier foods, and/or greater motinatengage in healthy dietary or activity
patterns. Future analyses will benefit from a detwetion of many of these broad-scale
factors and a closer examination of their undegytomponent parts. Such results, in turn,

will help identify more specific target areas fatdre interventions and nutrition policies.
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By extension, future studies should also explbeerble of the food environment as a
potential determinant in shaping individual behaviassociated with disease development.
With respect to dietary patterns and obesity, ustdading the food environment as it relates
to the availability of food stuffs is particularbalient as convenience and availability are
important predictors of food habits (Glanz et &98; Croll et al. 2001; Neumark-Sztainer et
al. 2003; Inglis et al. 2005) and might directljluence individual dietary behaviors through

targeted placement of food stores (Block et ad42®ustin et al. 2005).

Area level factors might also have important mexgaeffects between individual-
level dietary determinants and diet or health omes. Numerous studies have demonstrated
differential access to food places, including sopskets, smaller grocery stores, restaurants
and fast food places, by neighborhood deprivagtimic composition, and area-level wealth
(Morland et al. 2002; Reidpath et al. 2002; Cumneihal. 2005; Moore and Diez Roux
2006; Pearce et al. 2007). Such factors are typinaasured at the individual-level (i.e.
using variables such as race or income), but obdeagsociations between these factors and
health may be mediated through area-level facibeselopment of more effective
intervention studies can be informed by examinimgrelationship between individual and
area-level predictors of behavior and health, dsagedeepening our understanding of the

proximate influences those area-level factors leavbehavior.
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2. Determine the specific foods consumed away-frome

In addition, future studies should refine reseanchhe relationships between away-
from-home eating and health by collecting detaifddrmation on the types of foods
consumed from restaurants versus fast food ouletsexample, building upon our research
assessing consumption frequency, future researdd atso investigate how the specific
dietary patterns of frequent restaurant versusféast consumers differ from one another. In
doing so, we might identify whether or not regudansumers of one food source or another
have healthier overall dietary intake, or determirsibsets of consumption patterns exist
(i.e. high intake of soup and salad among those avbdrequent consumers of fast food).
This type of research is imperative for better usténding of the role away-from-home
eating plays in the development in obesity and ibppeslated co-morbidities and will inform

future public health messages regarding away-froméieating and health.

3. Examine price influences of healthier food items

Building upon our research, which was limited byaarow list of available food and
beverage items and precluded the study of healiiel options such as fresh vegetables and
fish, future prospective analyses should carefediysider the relationship between price and
consumption of such healthier food items, as weth@ complex exchanges between these
foods and potential replacement goods. Many argaat taxes on high-sugar or high-fat
foods because they are regressive, imposing aegieatden on the poor compared to the
rich. Others believe that imposition of taxes @ekect group of [‘unhealthy”’] foods and
beverages establishes an unnecessary dichotongpodl® versus “bad” foods: leading to a

culture of fear where those bad foods are to b&dadovholesale. Subsidies, typically for
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fresh fruits and vegetables, are frequently offegdlternatives to taxation policy because
they do not put undo burden on lower income indigid and promote, rather than
discourage, desired behaviors. However, more evalenneeded to show that subsidies
would result in the desired change in purchasingpasumption behaviors. Equally
important is the continued assessment of inconaepedictor and mediator in these
relationships, as lower income individuals are nufn the intended beneficiaries. The
long-term ineffectiveness of so many current nistniintervention efforts, particularly
among lower income individuals, suggests that targeaipstream factors associated with
dietary intake may prove beneficial, and when takerombination with our results, will

inform future nutrition policies.

4. Monitor and evaluate recent policy initiatives

Finally, within recent months policies have beenwill be) passed which have the
goals of (1) increasing consumer awareness by girgycalorie information at fast food
places or (2) altering consumption behavior byeasing prices of high fat, high sugar foods
and beverages. With the passing of such policidsljgphealth researchers have the distinct
opportunity to examine the consequences in a redbvgetting, and to determine the degree
to which such policies are able to meet their dbjes. Our research suggests that both
policies should successfully influence consumptienisions and may even lead to
reductions in adverse health outcomes, particutadyprevention of weight gain. Continued
monitoring of the dietary and health implicatiorigieese policies is an opportunity that

should not be wasted and can inform future inteieas and national nutrition initiatives.
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E. Conclusion

A recent advertisement by a well known fast foestaurant features a young couple,
engaged in routine activities, maximizing the vadtfi¢he items they purchase. The husband,
in particular, finds somewhat ridiculous ways te@uoplish this goal: for example using an
industrial-sized vice to squeeze out the last eftdothpaste. In the final scene we see him
with a jack hammer tearing up the sidewalk in frohlis home, the walkway and front steps
lay in pieces behind him. As his wife approachessdys “I thought we were only going to
redo the steps” to which he responds, “No honegnied this for the whole day. I'm going
to get my money’s worth.” Holding up a take-out g wife responds, “I thought we might
try this instead.” Smiling, he puts down the jackrimer and they enjoy their hamburgers

together.

This commercial tells a very particular story atmod, one that highlights the
importance of value and the means by which thatevahn be obtained- through the
purchase of fast food. The story is not false,dyutlefining value in this way it ignores the
consequences of consuming such a diet and discthentature costs associated with that
decision. Our research provides a different petspgeabout food, one that highlights the
important consequences of our food purchasing anduwmption decisions and attempts to
understand the motivations behind those behavidrsse findings do not tell the whole story
either, as the set of predictors and outcomes mdedavith dietary behavior is far more
complex than we have examined in these analysds;@rsiderable work remains to fully

elucidate these relationships.
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The division between these two messages, betveemvb narratives put forth by the
food industry and public health nutrition scienisethe space in which our research becomes
relevant. It underscores the importance of dissatimg information to consumers regarding
the consequences of their food decisions; it speaitee power that scientific research has to
influence local, state, and national nutrition pigs; reminds us of the continued need to
rigorously pursue answers to relevant scientifiesgions; and encourages translation
between science and public interest. By engagimgmversations within this space we will

begin to tell a more complete story about food lagalth.
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