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Abstract

Changesin the American lifestyle are putting moreindividuals at risk dueto the declining quality of their diets. In the
last 20 years, the readily available high-fat foods (e.g., "fast foods") combined with the decreased caloric requirements
due to lower physical activity levelsis assumed to be the major factor in the sharp rise in the prevalence of obesity. The
typical away-from-home meal isless healthy than food at home, since it tends to contain more total fat and saturated fat,
less calcium, fiber, and iron, and fewer servings of fruits and vegetables. Furthermore, due to the super-sizing trend that is
sweeping the market, when Americans eat out, they eat more. Thus, a rising away-from-home consumption appears to
establish a significant barrier to improve American dietary habits and health status. The continuously increasing trend
towards obesity is affecting the public health system tremendously, since four of the ten leading causes of deathin the US,
including heart disease, cancer, stroke, and diabetes, are strongly associated with poor diet and physical inactivity. In
terms of lost productivity and medical expenses, it leads to an estimated cost of $200 billion each year. Despite the con-
siderable change in demographics and lifestyles, little research has documented the impact of changesin these factors on
therising US obesity. The objective of this study is to determine the impact of food source, diet, demographic, and life-
style on the prevalence of obesity and overweight.

This study will be based on data from the National Health and Nutrition Examination Survey (NHANES,
1999-2000), which, among many other variables, includes measured weight and height and hence provides the best op-
portunity to track trends in weight in the US NHANES, administered by the US Department of Health and Human Ser-
vices. The NHANES provides nationally representative information on the health and nutritional status of the US popu-
lation. While controlling for demographics, lifestyle and diet information, the main goal is to determine whether the
source from which food is obtained also contributes to the increased overweight. Linear regression is applied to estimate
the effect of food source, particularly fast-food outlets and restaurants, on the body massindex (BMI). BMI expressed as
weight/height?2 (i.e. kg/m2), is commonly used to classify overweight (BMI: 25.0-29.9) and obesity (BMI: ( 30.0) among
adults (age 18 years and over). Previous studies have found gender-specific differencesin the effect of different factorson
the BMI. Thisistested empiricaly in this study. Quantifying the effects of demographic and lifestyle determinants on
BMI will provide a better understanding of the impact of different factors on obesity.
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Zusammenfassung

Verénderungen im US-amerikanischen Lebensstil bilden Risikofaktoren fir die amerikanische Bevdlkerung auf-
grund der sinkenden Erndhrungsqualitét. Es wird angenommen, dass der in den letzten 20 Jahren gestiegene Anteil an
fettreichen Speisen (z.B. "Fast Food") kombiniert mit dem gesunkenem Anteil an korperlicher Tétigkeit die Hauptursache
fur das vermehrte Vorkommen von Adipositas bildet. Die typische AulRer-Haus-V erpflegung ist weniger gesund, als zu



Hause zubereitete Speisen, da AulRer-Haus-V erpflegung dazu neigt, mehr geséttigte Fettsduren und Fett zu enthalten,
weniger Kalzium, Ballaststoffe und Eisen sowie kleinere Portionen von Friichten und Gemuise. Ferner besteht die Ten-
denz zu gréferen Portionen ("super-sizing"), was dazu fuhrt, dass Amerikaner mehr essen, wenn sie essen gehen. Folglich
erscheint der Anstieg in der AulRer-Haus-V erpflegung eine Verschlechterung der Erndhrungsgewohnheiten und im Ge-
sundheitsstatus der amerikanischen Bevolkerung zu beglinstigen. Der kontinuierliche Anstieg im V orkommen von
Adipositas hat einen starken Einfluss auf das 6ffentliche Gesundheitssystem in den USA, davier von den zehn haufigsten
Todesursachen - Herzinfarkt, Krebs, Schlaganfall und Diabetes - alle stark mit schlechter Erndhrungsqualitét und
korperlicher Untétigkeit verbunden sind. Die Summe von Produktivitatsausfallen und medizinischen Ausgaben fihrt zu
geschétzten K osten von $200 Milliarden pro Jahr. Trotz der betrachtlichen Anderungen in der soziodemographischen
Struktur und dem Lebensstil in den USA sind die Auswirkungen dieser Faktoren auf das erhdhte Vorkommen von Adi-
positas bisher kaum untersucht worden. Ziel der vorliegenden Studieist es, die Einfliisse von Nahrungsguelle,
Ernahrungsgewohnheiten, soziodemographischen Variablen und Lebensstil auf das Vorkommen von Ubergewicht und
Adipositas zu bestimmen. Diese Studie verwendet Daten der US-amerikanischen Nationalen Gesundheits- und Na-
hrungsuntersuchungs-Befragung (NHANES, 1999-2000). Diese Studie erfasst neben vielen anderen Messgrof3en auch
das K érpergewicht und die GrofRe der Individuen und bietet deshalb die beste Grundlage dafiir, Trendsim Korpergewicht
bei der amerikanischen Bevolkerung zu verfolgen. NHANES 1999-2000 wird vom amerikani schen Gesundheitsminis-
terium verwaltet und stellt représentative Informationen tiber die Gesundheit und den Erndhrungsstatus der Bevilkerung
inden USA dar. DasHauptziel dieser Studieist zu testen, ob die Art der Nahrungsquelle zur zunehmenden Bedeutung von
Adipositas beitragt. Zusétzlich werden die Einfliisse soziodemographischer Variablen, des Lebensstils und der
Erndhrungsgewohnheiten untersucht. In linearen Regressionsmodellen wird die Wirkung der Nahrungsquelle, besonders
von Fast-Food-Anbietern und Restaurants, auf den Body-Mass-Index (BMI) geschétzt. Der BMI wird als Korperge-
wicht/GroRe2 ausgedriickt, also kg/m2, und wird normal erweise benutzt, um Ubergewicht (BMI: 25,0-29,9) und Adipo-
sitas (BMI: (:30,0) unter Erwachsenen (Uber 18 Jahren) zu klassifizieren. Bisherige Studien haben geschlechtsspezifische
Unterschiede im Einfluss von verschiedenen Faktoren auf den BMI gefunden. Dies wird in dieser Studie Giberpruift
werden. Eine Quantifizierung der Wirkungen von soziodemographischen Variablen und des L ebensstils auf den BMI
kann zu einem besseren Verstandnis der Rahmenbedingungen filhren, die Adipositas fordern.
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1. Introdiction and objective

Since the 1960s, the number of overweight and obese Americans has continuously increased to about two-third of the
adult population. Each year, obesity leadsto alossin productivity and medical expenses of $200 billion and resultsin 300
000 premature deaths in the US (US Department of Health and Human Services, 2000). Many other developed countries
observe significant increases in their inhabitants’ body weights; however, no other country experiences an obesity epi-
demic asthe US (Cutler et a., 2003). Some heritability studies suggest that genetic factors account for as much as 70% of
the variability in human body weight. However, the genetic background of Americans could not have changed that much
over the past two decades to be solely responsible for the trend of arising body weight (Y anovski and Y anovski, 1999).
Available evidence from previous studies suggests that obesity isamulti-factorial disease, because multiple determinants
influence the increase in body weight, ranging from economic factors such as income and prices, to demographics, life-
style, and of course, dietary considerations. From an energy-accounting standpoint, obesity arises due to significant
increasesin calories consumed while energy expended remains constant (Y oung and Nestle, 2002). Cutler et a. (2003)
propose that the increase in mass preparation has|ed to adecrease in time spent on food preparation and consumption and,
consequently, to arise in the amount and the diversity of foods consumed. Some studies suggest that eating out is one of
the main culprits for the sharp rise in energy intake (Jeffery and French, 1998; Binkley et al., 2000). The average US
American eats out four to five times per week and spends 45% of the food dollars away from home. Since the 1970s,
portion sizes increased and the body weights of Americans started growing in parallel to the 'supersizing' trend, which
means when Americans eat out, they eat more (Spake and Brophy, 2002; Y oung and Nestle, 2002). Apparently, con-
sumers eating out search "value for dollar" (Sciencedaily, 2000). Undermining this problem is the fact that the per-capita
number of fast food restaurants doubled between 1972 and 1997 (Chou et al., 2002). Other studies rule out the possibility
that increased portion sizes contribute to obesity. Cutler et a. (2003) argue that calories at main meals, especially dinner,
did not increase enough to support this theory. Furthermore, the researchers oppose the suggestion that eating out has
made Americans obese. Whilethey agree that fast-food consumption hasincreased, it largely replaces home consumption.
Cutler et a. (2003) suggest that the increase of energy consumed stems from increased snack consumption. Hence, it
seems that previous studies have not yet reached a clear conclusion how the different food sourcesinfluence obesity in the



US. It isimportant to quantify influences on obesity in order to develop effective prevention strategies. Overweight and
obesity are commonly classified by the body massindex (BMI). BMI expressed as weight/height2 (i.e. kg/m2), classifies
overweight (BMI: 25.0-29.9) and obesity (BMI: ( 30.0) among adults (age 18 years and over) (CDC and NCHS, 2002b).
The objective of this study is to determine the impact of (1) food source, (2) diet, (3) demographic, and (4) lifestylein-
formation on BMI of US adults. This study expands on previous research in anumber of ways. First, this study updatesthe
analysis of Binkley et a. (2000), who used secondary data from the 1994-1996 Continuing Survey of Food I ntake by
Individuals (CSFII). This study uses data from the 1999-2000 National Health and Nutrition Examination Survey
(NHANES). Apart from using a more recent data set, this study will more importantly focus on additional factors af-
fecting obesity. Past studies have stressed a link between BMI and eating out by using variables representing restaurant
and fast food. The drawback of such an approach, however, is that the remaining food source options, such as eating at
home, are not taken into consideration. Information of perhaps even greater interest iswhether other food sources besides
restaurant and fast food contribute to the increase in obesity rates. While controlling for demographics, lifestyle and
dietary information, the main goal of this study isto determine whether the source from which food is obtained contributes
to the increase in reported rates of obesity in the US.

Quantifying the effects of food source, demographic and lifestyle determinants on BMI will provide a better under-
standing of the impact of these different factors on the obesity epidemic. The availability of thisinformation will help
health and nutrition educators considering design, development and improvement of strategies, programs and information
for weight maintenance as well as weight reduction.

2. Quartitative importance of obesity in the US

Trend data from the US National Health and Nutrition Examination Survey (NHANES) have shown that the per-
centage of obese people hasincreased from 14.5% in the years 1976-1980 to 22.5% in 1988-1994. Additional reportsfrom
other sources, such asthe Behavioral Risk Factor Surveillance System (BRFSS) and the Harris poll, have supported these
findings. However, reports from the BRFSS and the Harris poll are based on self-reported weight and height, atechnique
which leads to limitations of the results (Flegal et al., 2002). Mokdad et al. (1999) showed that obesity prevalence esti-
mations tend to be lower than those that are based on measured data. In their study, they compared the BRFSS
(1991-1994) with the corresponding NHANES (1988-1994) survey. The BRFSS showed a prevalence of obesity of 12 to
14.4% whereas the NHANES estimate of 22.5% was about twice as large. NHANES data, which among many other
variables includes measured weight and height, provides the best opportunity to track trends in weight in the US. Com-
paring age-adjusted estimates of BMI from NHANES Il (1976-80) to those from NHANES 111 (1988-94) shows an in-
crease in the percentage of respondents who were either overweight or obese. Most of thisincrease is due to the growing
obese category whereas only minor increases occurred in the overweight category. Results from the 1999-2000 NHANES
indicate that an estimated 64% of US adults are either overweight or obese. Studies show that the BMI is approximately
8% higher than equivalent values obtained from NHANES |11 (1988-94) (CDC and NCHS, 2002b).

One of the US health objectives for 2010 isto reduce the prevalence of adult obesity to less than 15%. However, the
NHANES 1999-2000 data suggests another increase in the proportion of obese US adults. The shareincreased from a
previous level of 23% to anew level of 31%. Among adults, age 20-74 years, the estimated prevalence of obesity has
doubled between NHANES |1 (1976-1980) and NHANES 1999-2000, from approximately 15% to an estimated 31%
(CDC and NCHS, 2002b).

3. Methods
3.1 Study sample

This study uses data from NHANES 1999-2000. The purpose of NHANES, administered by the US Department of
Health and Human Services, isto provide nationally representative information on the health and nutritional status of the
US population. Overall, NHANES selects 40 000 people of 2 months of age and older from households across the US to
participate in the cross-sectional survey. Respondents answer aforty-minute personal household interview and undergo a
three-hour examination (or less, depending on age) in amobile examination center (MEC) (CDC, 2004; CDC and NCHS,
2002a; CDC and NCHS, 2002b).

In this study, attention has been limited to respondents 18 years and older. The final sample consisted of 3 866 adult
men and women. Before analyzing, the data was normalized. Previous studies have found gender-specific differencesin
the effect of different factors on the BMI. The significance of such differences was examined using a Chow test. The



hypothesis that males and females could be model ed together was clearly rejected (F=9.38 with 11 and 3844 degrees of
freedom, P<0.0001).

3.2 Variables used in analysis

A total of ten variables characterizing diet, demographics, and lifestyle were included into this study. Table 1 pro-
vides an overview of all variables used in the analysis, while table 2 shows the expected signs as well as the descriptive
statistics of the variables.

This study uses four food source variables, which are restaurant, fast food, home and other kilocalories (kilocalories
henceforth abbreviated by kcal). Overall, the sum of the four food source variablesis equal to the total individual daily
food consumption. Hence, besides two variables representing eating out, restaurant and fast food, the variable home
represents eating at home, while other kcal represents the remaining possible sources of the individual food consumption.
NHANES 1999-2000 distinguishes between 20 different options for meal places. Thus, other kcal sums up all the kilo-
calories of the remaining categories after restaurant, fast food and home were formed. Other kcal aggregates the con-
sumption at all places other than the three previous food sources. Other kcal includes options such as eating at a com-
munity feeding program, in school or aday camp.

A measure representing differences in principle dietary behavior is the dummy variable vegetarian which measures
whether respondents are currently vegetarians. Three different dummy variables are included in the variable category
demographics, which are Age, Non-Hispanic Black, and Mexican American. A dummy variable named smoking
represents the lifestyle category in this study and it measures whether respondents are currently smokers.

3.3 Rationale for expected effects of variables

Each variable either influences BMI positively, i.e. weight increasing, or negatively, i.e. weight decreasing. In the
following, the expected signs of the independent variables will be discussed, which are shown in table 2.

Two differing hypotheses attempt to explain the influence of food source variables on BMI. According to one hy-
pothesis, given that eating out increases the BMI, positive signs for restaurant and fast food can be expected. However,
following the other hypothesis that eating out does not increase body weight, there might be no significant influence of
these variables on BMI. Regarding the expected sign of home, previous studies show that consumers value the nutritional
properties of food more when eating at home (Lin et al., 2000). Hence, anegative effect is expected for home. According
to Cutler et al. (2003) snacks purchased in-store or take-out food contribute to the rise in obesity. Lin et al. (1998) de-
termined that even though the number of meals consumed has remained stable, the amount of snacking has doubled.
Hence, the effect of other kcal on BMI is expected to be positive.

Vegetarian is expected to be negative, since vegetarianism is associated with a healthy lifestyle. The American Di-
etetic Association supports vegetarian diets due to its higher fiber consumption, greater consumption of vegetables and
different macronutrient content (lower protein, fat, and animal fat intake) (Anonymous, 2003). The Oxford Vegetarian
Study showed lower BMIs for vegetarians in comparison with non-vegetarians for all age groups and for both men and
women (Appleby et a., 1999).

Theimpact of age can be separated into two different effects. Y ounger people tend to be more active than older
people are. Hence, the effect on BMI should be positive over the lower range of age. However, with increasing age the
effect is becoming negative, since obesity increases the chance of morbidity. To control for the ambiguous effect, an
additional variable, age squared, has been created (Binkley et al., 2000).

Several studies show that Non-Hispanic Blacks and Mexican Americans are more likely to be overweight (Kucz-
marski et al., 1994; Must et al., 1999; Flegal et a., 2002). Flega et al. (2002) showed that prevalence of both obesity and
extreme obesity was high among these two ethnic groups, especially for women. Hence, positive signs are expected on all
ethnic variables.

Smoking is expected to have a negative influence on BMI. On one hand it is assumed that smokers are substituting
food for cigarettes. Galuska et al. (1996) determined that respondents who smoked less increased their food consumption.
Smoking isusualy adifferent form of oral gratification which does not involve the consumption of calories. However,
smoking does have another effect - it actually increases caloric requirements by increasing resting metabolic rate. People
who smoke require approximately 10% more calories to maintain their body weight than when they are not smoking
(Myers, 2003).

3.4 Statigtical analysis



The statistical analysis, similar to that in Binkley et al. (2000), employs linear regression analysis to estimate the
effect of food source, dietary, demographic, and lifestyle variables on BMI. By using linear regression, factors such as
diet, demographics and lifestyle can be controlled, while the effect of food source on BMI is determined.

4. Empirical results and discussion

Theresults of the regression analysis are indicated in table 3. For both the male and the female sample, the two
eating-out variables, restaurant and fast food, are not significant, even when controlling for other determinants. Both
eating out at restaurants and fast-food outlets did not significantly increase the male or female BMIs. In consideration of
nutrition physiology, which suggests that the typical away-from-home meal is less healthy than home-cooked food, be-
cause it contains more total fat, more saturated fat, less calcium, fiber, iron and fewer servings of fruits and vegetables
(Linet a., 1999), these results are somewhat surprising. However, previous studies confirm these results. The results for
restaurant agree with Jeffery and French (1998) who did not find any significant effect of eating at restaurants on the BM|
of men or women. In contrast to this, Binkley et al. (2000) determined that the effect of eating at restaurants was signif-
icant for men. The fast food results found for the male sample agree with Jeffery and French (1998) aswell: the re-
searchers determined that eating at fast-food outlets had no effect on the BMI of men. However, in their sample, eating at
fast-food outlets significantly increased the BMI of women, while it had no effect on the female samplein this study.
Again, theresults by Binkley et al. (2000) differ from these findings: the researchersfound support for the hypothesis that
eating at fast-food outlets increases both the male and the female BMIs.

However, other kcal in the female sampleis positive and significant. This confirmsthe findings by Cutler et al. (2003)
who suggest that eating out does not have a significant influence on obesity because the food eaten out is offset by reduced
home consumption. The researchers, instead, argue that the large increase in snack food consumption is mainly respon-
sible for therise in obesity. The results found differ from Binkley et a. (2000) who suggest that eating out increases the
mean BMI of men and women significantly. These conflicting results could have been obtained because of the use of
different data sets with differing sample compositions on the basis of features such as ethnic proportions, age and gender
distributions.

Vegetarianism is negatively affecting BMI in the male sample. This outcome is consistent with the expectations of
vegetarianism being a healthy lifestyle (Anonymous, 2003). Binkley et al. (2000) found this variable to be significant in
the male as well as the female sample.

The age variables show the expected signs and the data supports the significance of both variables. Ageis positive,
whereas age squared is negative, underlining the fact that people tend to gain weight, asthey get older. With growing age,
the metabolic rate slows down and, therefore, the body does not require as many calories to maintain its weight anymore
(Myers, 2003). Furthermore, obesity lowerslife expectancy, which meansthat those older respondentsthat are heavier are
less likely to be sampled dueto their reduced life expectancy. Hence, the effect of aging of the US population on the level
of obesity is countervailing (Binkley et a., 2000).

Both of the ethnic variables are positive and significant for women, which supports the findings of previous studies
(Kuczmarski et al., 1994; Must et al., 1999; Flegal et a., 2002). However, these variables are not significant in the male
sample.

Smoking is negative and significantly related to BMI in the male sample, which is consistent with the expectations as
well as previous studies. Binkley et al. (2000) found the effect of smoking to be negative and significant for the male as
well asfemale sample. Using datafromthe NHANESI I, Albanes et al. (1987) determined that cigarette smokers weighed
less and were leaner than nonsmokers. With the duration of smoking, the body |eanness increased further. The researchers
concluded that this evidence could not be explained by differencesin caloric intake, physical activity, illness, or so-
cioeconomic status.

5. Summary

This study examined the influence of food source, diet, demographics, and lifestyle influence the rising BMI rates.
Four food source variables represent the total individual food consumption. Restaurant and fast food represented the
options for eating out, while home stood for the kilocal ories consumed at home and other kcal the ones consumed at all
other places.

Consumption data was used from the National Health and Nutrition Examination Survey (NHANES, 1999-2000).
Men and women 18 years and older comprised the sample population used in this study, which consisted of 3 886 res-
pondents.



Variables representing the different variable categories were formed. The category food source consisted of four
variables: restaurant, fast food, home and other kilocalories (kcal). The category diet was represented by vegetarian. Age,
aswell as three ethnic variables were employed as demographical measures. Smoking represented the lifestyle category.
After forming the variables, linear regression was used to determine the effect of food source on BMI, while controlling
for factors such as diet, demographics and lifestyle.

6. Conclusions

Determining the elements and factors driving obesity is an important task in order to decrease the obesity epidemic
and the associated rise in health costs. Clearly, obesity is amultifactorial disease, influenced by economic elements such
as income and prices, demographic characteristics, dietary preferences and lifestyle. Future obesity therapies should be
based on a better understanding of the behavioral and environmental processes, which are responsible for the body-weight
regulation (Yanovski and Y anovski, 1999; Mokdad et al., 2000).

Obesity contributesto heart disease, stroke, high blood pressure, cancer and diabetes, which arethe five of theleading
causes of death in the US (Sciencedaily, 2000). It isimportant to develop appropriate interventions to improved nutrition
and increased physical activity. The results of this study underline the current US policy efforts which focus on the im-
portance of abalanced diet, particularly alow-fat one, aswell as the benefits and need for exercise (Binkley et al., 2000).
Informing the public through public awareness campaigns that describe and explain the prevention of obesity isa po-
werful motivator. Public awareness programs are needed to (1) improve the public's understanding of food and nutrition;
(2) increase awareness among producers, processors, grocers, and consumers of their shared responsibility in promoting
healthy nutrition and weight control programs, and (3) provide people with the tool s they need to make informed decisions
(Frewer et al., 1996). More emphasis should be given to the consequences of obesity instead of the causes, in order to
cause consumers to adjust their lifestyles accordingly (Binkley et al., 2000).

Furthermore, obesity isaglobal epidemic, which influences all developed countries. The USisaclear outlier, but the
obesity levelsin countries such as England, Germany, and Australiaarerising aswell (Cutler et a., 2003). Moreresearch
can contribute to the development of strategies that decrease the obesity epidemic while taking into consideration eco-
nomic, sociodemographic and cultura differences. In order to alter the trend of increasing obesity, strategies and pro-
grams for weight maintenance as well as weight reduction have to become a higher public health priority.
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