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 Determinants of U.S. Children’s and Teenagers’ Body Mass Index

OBJECTIVE:  To determine if the increase in consumption of food away from home has

contributed to the increased weight of the US population of children and teenagers, while

controlling for demographic, lifestyle, and regional factors.

METHODS:  Multiple regression and Logit analysis are used to estimate the effect of food

source on body mass index (BMI), probability of being at risk (RISK) of overweight, and

probability of overweight while accounting for other factors which have been shown to affect

weight in a nationally representative sample of the U.S. population.

SAMPLE:  This study used secondary data from a sub-sample of the 1994-1996 Continuing

Survey of Food Intake by Individuals (CSFII).  The CSFII is a nationally representative sample of

16,103 individuals of all ages, obtaining for each respondent 24 hour recalls of all food intake on

two nonconsecutive days as well as demographics and information on lifestyle choices.  (Note:

Because this study focuses on children and teenagers whose female parents are also respondents

samples will be smaller.)

RESULTS: While food away from home and especially fast food tend to increase BMI and the

probabilities of RISK and OVERWEIGHT, the more statistically significant effects were in the

variables that measured activity. 

CONCLUSIONS: This suggests that it is more important to get children and teenagers to engage

in more exercise than it is to get them eating at home more.
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Introduction

         The increase in overweight and obesity in the U.S. adult population is well documented.1, 2, 3

The Surgeon General’s recent call for action on U.S. obesity and overweight contains some

shocking statistics.  Over 60% of Americans are overweight or obese.  The direct and indirect

costs of obesity are now over $100 billion per year.4  The number of U.S. children and

adolescents who are at risk of overweight or overweight has increased, as well.5, 6, 7, 8 Troiano and

Flegal found that the age- and sex-adjusted prevalence of overweight U.S. children and

adolescents went from about 4% in the early 1960s to 10.5% in the mid-1990s with most of the

increase coming later in that period and mostly affecting the heaviest children.7  Strauss and

Pollack found even more pronounced increases in overweight among subpopulations in the U.S.8 

They found that by 1998 prevalence of overweight to be 21.8% for Hispanics, 21.5% for African

Americans, and 12.3% for non-Hispanic whites.  Several issues related to the increase in the

number of overweight American youth have been addressed in the literature.  First, it is difficult

to define when children/adolescents are overweight or obese.  The typically used definition for

adults is that they are overweight if their Body Mass Index (BMI = weight in kilograms / (height

in meters)2) is over 25.  They are obese if their BMI is greater than 30. These cutoffs have been

chosen to reflect the increase risks of morbidity and mortality associated with BMIs > 25 and

particularly BMIs > 30.9, 10  When it comes to children, defining the cutoffs becomes more

controversial.11, 12, 13, 14  Currently, the Center for Disease Control (CDC) defines children who are

above the 85th percentile of their BMI-for-age/sex distribution to be at risk of overweight and

those above the 95th percentile of their BMI-for-age/sex to be overweight.15  Evidence continues

to mount that overweight in childhood leads to increased risk of overweight/obesity in adulthood
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and the consequent increase in risk of morbidity and mortality.16, 17, 18

There are, of course, many potential determinants of overweight in children.  Previous

research has examined two broad categories in some depth: genetics and energy imbalance.

Parents who are overweight are more likely to have children who are overweight for two reasons. 

The first is genetics.  Previous studies of identical and fraternal twins and siblings have shown

that genetics plays a strong role in the determination of children’s risk of being overweight.19, 20, 21 

However, parents also have an environmental influence on their children’s risk of overweight.

The relative importance of these is a matter of some controversy.  For example, Cutting, et al.

found that a mother’s eating habits (especially tendency to eat when not hungry) had a positive

influence on her daughter’s weight-for-height, but when that covariate was included the mother’s

BMI was not a significant factor.22  Alternatively, Sorensen, et al. conclude:

... a genetic influence on body mass index as strong as that in adult life is already
expressed by age 7 years. The rearing environment shared by the family has a weak
influence during childhood.23

and Stunkard, et al.

We conclude that genetic influences on body-mass index are substantial, whereas the
childhood environment has little or no influence.20

Yet, it seems unlikely that genetics can be the cause of the increase in overweight among

U.S. children and adolescents.  The energy balance must play a role.  Many previous authors

have attributed the increases in overweight to either an increase in energy intake24 or a decrease

in energy expenditure.25, 26, 27, 28, 29 Here we attempt to examine an aspect of the former.  That is,

we examine whether the food source plays a role in the increase in overweight among U.S.

children and adolescents.  
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In what follows a large survey is used to examine the determinants of BMI in children

and adolescents.  The survey is titled the Continuing Survey of Food Intake by Individuals

(CSFII).  It is a nationally representative sample of noninstitutionalized individuals.  Included in

the survey is a 24 hour recall of all food consumed by the respondent, as well as demographic

information on the respondent and their household.  A key aspect of the survey, that is made use

of in this study, is that for many of the children/adolescents surveyed, it is possible to match their

responses with those of their parents.  In particular, we focus on those children and adolescents

who can be matched with their mothers.  This is because requiring the mother’s presence in the

sample reduces the sample size from 2655 to 1565.  If we were also to require the father’s

presence this would further reduce the sample 1057.  When we did so, the only significant factor

was the mother’s BMI of the parental factors considered.  Therefore we opted for the larger

sample.  This makes it possible to relate children’s BMI to household demographics, including

the child’s mother’s BMIs, as well as lifestyles and diets of the children.  Our contribution will

be to also include as potential determinants the source of the food consumed, that is whether

some food consumed in the last 24 hours came from a table-service restaurant, a fast food

restaurant, or school lunch program.  Our hypothesis is that the mix of foods obtained from such

sources is different in nature from foods prepared at home and that, particularly in regards to the

first two sources, this is contributing to the increase in overweight amongst U.S.

children/adolescents.  The motivation behind the inclusion of food source as a child’s BMI

determinant is that food consumed away from home continues to be concern and evidence

suggests that this is the case.30, 31  Thus, the goal of the current research is to gauge whether food

source has any statistically or practically significant effect while accounting for children’s
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demographics, diet, and lifestyle.

Data and Methodology

Study Design

Data used in this study is from the Continuing Survey of Food Intake by Individuals

1994-1996 (CSFII).32  The CSFII is a survey conducted for USDA by Westat, Incorporated of

Rockville, Maryland.  Its design was implemented with the goal of obtaining a nationally

representative sample of noninstitutionalized individuals.  Sample selection is based on a

stratified, multistage area probability sample.33  Ultimately, this resulted in the in-person

interview of 16,103 individuals, obtaining for most 24 hour recalls of all food intake on two

nonconsecutive days.  The sample is stratified by sex, ten age categories, and income, with the

low income strata being over sampled. While the CSFII contains information on individuals of

all ages, attention here is limited to those between the ages of 5 and 18 years old, which reduces

the sample size.  As genetics are viewed as an important determinants of a child’s BMI, our

attention is also limited to the subsample of children in the CSFII whose mother was included in

the sample so that the mother BMIs could be included as determinants of her children’s BMI. 

Also, included in the survey was a wide range demographics for the child and the household, a

variety of lifestyle factors, and whether the child was on a diet.

Measures

Relevant to the current study, each survey respondent was asked their height and weight,

from which their BMI was calculated.  The dependent variable used in the multiple regression is

the child’s BMI with the mean for that child’s age and sex deducted.  Two other variables
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employed in Logit analysis are RISK which is one if the child’s BMI is above the 85th percentile

of their BMI-for-age/sex distribution and zero otherwise and OVERWEIGHT which is one for

children whose BMI is above the 95th percentile of their distribution.  These thresholds are

defined by the Center for Disease Control to be for those being at risk of becoming overweight

and those deemed to be overweight, respectively.

Also of primary importance to this study, each food item’s source was determined, that is: 

Was the food item obtained from a grocery store, a restaurant, a fast food outlet, school lunch

program, or some place else?  A number of variables to characterize diet, demographics, lifestyle,

and region were obtained as well.  All of the variables are defined in table 1.  Descriptive

statistics by gender and age are given in table 2.

The appropriate way to measure food obtained from the different sources is a matter of

concern.  Below, restaurant, fast food, and school lunch are measured as the proportion of total

grams of food obtained from each source.  This was done to differentiate those who, for example,

stopped at a food outlet for a beverage from those who had a complete fast food meal, and

similarly for restaurants and school lunches.  It is the different mix of foods obtained from these

sources which we wish to examine as a potential contributor to increased BMI.  Other definitions

for the food source variables that were considered were proportion of items consumed from each

source and dummy variables which were one if any food was obtained from a source and zero

otherwise.  Results for each of these definitions were qualitatively similar to those presented,

below.

Statistical Analysis

Linear regression is used in the analysis of BMI adjusted for age/sex means.  The discrete
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dependent variables, RISK and OVERWEIGHT, are analyzed using Logit.  In either case

confounding factors, such as mother’s BMI, diet, demographics, and lifestyles, are be controlled

for while the effect of food source on BMI is determined.  Implicitly, in relating current BMI to

current behavior, demographics, and lifestyle variables, it is assumed that these variables will be

highly positively correlated with their past values, which are the determinants of current BMI.

Expected effects are discussed in appendix A. 

Virtually all previous studies of obesity in children have found differences in the effects

of factors between males and females and between pre-pubescence and post-pubescence.  We

conducted Chow tests on the adjusted BMI regression and found no significant difference either

by sex or by age.  Thus, the analysis is based on the pooled sample of all children ages five

eighteen.

Results

Potential determinants of the BMIs of children and adolescents are many and in many

cases difficult to measure.  We employ 15 variables to attempt to capture all the aspects of

demographics, lifestyle, and diets.  The variables and their definitions are given in table 1.  Since

both amount of television viewed and a variable which measures whether the child exercises

regularly are available and both are proxies for the amount of energy expended, both are included

as is mother’s BMI. 

Descriptive statistics are given in table 2.  These statistics do not incorporate the sampling

weights and so cannot be taken as representative of the U.S. population as a whole.  The reported

statistics for BMI do not incorporate the adjustment for age and sex. The percentage of children

at risk of being overweight and those who are overweight are large, given their definitions and
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are probably due, in part, to the over sampling of low income households.  Of the food source

variables, children ate 5% of their food at restaurants, 11% at fast food outlets, and 11% in

school lunch programs.  Mother’s BMI averages in the overweight range.  Household incomes

average about $33,000.  Approximately 14% of young children were African American and 13%

were Hispanic. 

Children and adolescents average almost 3 hours of television watching.  About 27% of

children exercised regularly.  Seventy seven percent of children rated themselves in excellent or

very good health.  Three percent of children admitted to smoking.  Small percentages of children

are vegetarians or on diets to lose weight.  Twenty seven percent of the sample lived in cities,

while 24% of households are rural.

Regression and Logit results for are given in table 3.  The fit of all three model, while

low, is comparable to what others have found with similar samples.  For all three sets of results,

food source effects are in the expected direction for Restaurant and for Fast Food, with fast food

being significantly so for the BMI and Overweight results (p=.03 and p=.04, respectively).  The

School Lunch Program effect is always negative and nearly achieves significance in the BMI

regression.

The strongest influences in all three models are by mother’s BMI and household income,

the first being positive and the second negative.  Given previous results it is somewhat surprising

that African American and Hispanic are insignificant, for the most part.

On the other side of the energy balance equation, both television viewing and exercise

have the expected effects and are significant (except exercise in the BMI regression).  Another

controllable factor, smoking, has a significant negative impact in all three models.
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Finally, Diet variables effects are consistent across all three models.  Being a vegetarian

has a negative impact on being overweight, while those on a diet are overweight.  The

Urbanization variables are insignificant.

While marginal effects for the BMI regression results can be read directly from table 3,

those for the Logit results must be calculated and are given along with those for the BMI

regression in table 4.  While it is not clear how to interpret the marginal effects for the BMI

regression, those for Risk and Overweight results are straight forward.  They measure the impact

of either a one unit change in the continuous variables or a switch from zero to one for the

dummy variables.  While the significance of the Lifestyle variables is clearly stronger, the

marginal effects of Restaurant and Fast Food is comparable in magnitude to Exercise and larger

than that of TV.  The biggest impacts are for those on a diet and for smokers.

Discussion

Our main interest was initially in whether eating more food away from home was

contributing to the increase in overweight in the U.S. population of children and adolescents. 

Previous research has shown that source of food does have a significant positive effect on older

Americans’ BMI .34  While we did find positive effects of eating in Restaurants and Fast Food

outlets, it was only significant for Fast Food’s effect on BMI and Overweight.  If food consumed

at restaurants and fast food places is contributing to the obesity epidemic in U.S. children and

adolescents, then the effect is a weak one.

The other food source, school lunches, had a negative impact in all models.  While this

effect was technically significant for none of the groups, the evidence here suggests that they
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have been better for children than what would have been consumed as an alternative.

The mother’s BMI has a significant positive impact in all models.  Even with its strong

statistical significance though, the marginal impact of a mother with a one unit higher BMI on

the probabilities of being at risk or overweight are fairly small.  A much stronger demographic

effect comes from income, suggesting that low income children run higher risk of obesity. 

The bottom line then appears to be that while there is evidence that increased

consumption of food away from home has contributed to the obesity epidemic in the U.S.,

evidence suggests that the increasing sedentariness of our children is a more significant factor.
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Appendix

Expected effects of the independent variables in the regressions are as follows: The

hypothesis that growth in food consumed away from home has contributed to increased

overweight translates to an expectation of positive effects for the fast food and restaurant

variables, especially for the former.35, 35  School lunch programs provide diets which are chosen

by nutritionists, which would suggest that they would decrease BMI.  However, several studies

have found school lunches to contain too much fat and sodium.36, 37 Therefore, the expected

effect of eating a school lunch could be either positive or negative.

Demographic effects which may influence a child’s BMI are: mother’s BMI, the

household’s income, and the race of the child.  The BMI of the mother will have two effects. 

The first one is the genetic effect.  Previous studies of have shown that the effect of over-feeding

on identical twins is more similar than between siblings.  A study of identical and fraternal twins

some reared together and others separately found that separation had almost no effect on the

identical twins’ BMI.  Thus, BMI of a child’s mother should have a positive effect on the child’s

BMI due to genetics.  The other influence of the mother’s BMI is behavioral.  If mothers who are

overweight provide environments which are more likely to produce overweight in their children,

then this would reinforce the positive effect of the genetic influence.  Household income has

been found to have a negative influence on BMI in adults, especially in women.31, 38, 38, 39 Findings

for children and adolescents are less clear. Troiano and Flegal found little or no influence of

income, while Strauss and Pollack found higher increases in overweight only for those below

150% of the poverty level.7, 8  The ethnicity of the respondent is expected to be related to

overweight for cultural reasons.  Both African American and Hispanic children have a higher
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prevalence of overweight and obesity.40

 Several lifestyle variables are included in the model: television viewing, exercise,

smoking , and whether respondents claim their health is excellent or very good.  Television

watching and exercise and are measures of sedentary versus active lifestyles.  As such we would

expect the effects to be positive for TV and negative for exercise.  Decreased smoking is

associated with increased eating, so its effect should be negative.2, 41 Children who rate their

overall health as very good or excellent will typically be lighter, which suggests a negative

influence.

 Diet variables included in the model are Diet (whether the respondent was on a weight-

loss diet.) and Vegetarian (whether they claimed to be a vegetarian).  The effect of Diet on BMI

should be positive, that is, children are on a diet because they need to lose weight.  Vegetarians

tend to be lighter, so its effect should be negative. 

Urban lifestyles tend to be more hectic, rural lifestyles less so.  Therefore, Urban is

expected to have a negative and Rural a positive effect on BMI.
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Table 1.  Variables used in the BMI regressions:
Variables Definitions
BMI  Body Mass Index; BMI is the ratio of the weight in kilograms to the square

of the height in meters, both of which are self-reported.  Means by age and
sex are deducted.

Risk =1 if respondent at or above the 85th percentile of age/sex BMI distribution;
=0 otherwise.

Overweight =1 if respondent at or above the 95th percentile of age/sex BMI distribution;
=0 otherwise.

Food Source
Restaurant a Proportion of total grams of food purchased at restaurants.
Fast Food a Proportion of total grams of food purchased at fast food outlets.
School a Proportion of total grams of food obtained from a school lunch program.

Demographics
BMI_FP Body Mass Index of the female parent; the ratio of the weight in kilograms

to the square of the height in meters, both of which are self-reported.
Log(Income) Logarithm of household income in thousands of dollars.  (Truncated at

$100,000 and only observations where income is reported are used.)
African American =1 if African American; =0 otherwise.
Hispanic =1 if Hispanic; =0 otherwise.

Lifestyle
TV Hours of television watched yesterday or the average if two days are

reported.
Exercise =1 if exercise vigorously enough to work up a sweat at least twice a week;

=0 otherwise.
Smoke =1 if respondent is currently a smoker; =0 otherwise.  Applicable for

teenagers, only.
Healthy =1 if self-assessed rating of health is excellent or very good; =0 otherwise.

Diet
Vegetarian =1 if respondent considers themselves to be a vegetarian; =0 otherwise.
Diet =1 if respondent is on any type of diet to lose weight; =0 otherwise.

Urbanization
Rural Household is not in a Metropolitan Statistical Area.
Urban Household is in a Metropolitan Statistical Area, central city.
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Table 2.  Descriptive Statistics of Variables used in BMI Regressions
Mean Std.Dev. Min Max

Overweight Measures
BMI 20.09 4.83 9.64 49.39
Risk 32 47 0 100
Overweight 17 37 0 100

Food Source
Restauranta 5 12 0 72
Fast Fooda 11 16 0 90
Schoola 11 16 0 82

Demographics
BMI_FP 25.91 5.92 15.55 58.46
Log(Income) 3.50 0.86 0.18 4.61
African American 14 35 0 100
Hispanic 13 33 0 100

Lifestyles
TV 2.83 2.12 0.00 16.50
Exercise 27 44 0 100
Smoke 3 17 0 100
Healthy 77 42 0 100

Diet
Vegetarian 2 16 0 100
Diet 1 12 0 100

Urbanization
Rural 24 43 0 100
Urban 27 45 0 100
Note: While sampling weights are available they have not been used in the
calculation of these statistics, so they cannot be considered representative of
US population, as a whole.
a Figures reported are percentages, while proportions are used in the BMI
regressions.
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Table 3.  Determinants of BMI in Children and Teenagersa

BMI Risk Overweight
Coef T Stat Coef T Stat Coef T Stat

Intercept -1.09 -1.32 -0.88 -2.02 -1.55 -3.01
Food Source

Restaurant 0.84 0.94 0.41 0.83 0.77 1.27
Fast Food 1.24 1.87 0.43 1.18 0.80 1.80
School -1.31 -1.91 -0.44 -1.18 -0.14 -0.30

Demographics
BMI_FP 0.13 7.15 0.05 5.35 0.05 4.89
Log(Income) -0.61 -4.22 -0.37 -4.72 -0.45 -4.86
African American 0.48 1.36 0.32 1.71 -0.01 -0.04
Hispanic 0.43 1.30 0.07 0.37 0.03 0.15

Lifestyle
TV 0.14 2.71 0.10 3.52 0.08 2.41
Exercise -0.39 -1.64 -0.44 -3.20 -0.76 -4.02
Smoke -1.16 -1.84 -1.55 -3.33 -1.89 -2.56
Healthy -0.83 -3.32 -0.32 -2.38 -0.27 -1.64

Diet
Vegetarian -1.09 -1.62 -0.57 -1.22 -0.92 -1.24
Diet 3.11 3.61 0.89 2.02 0.84 1.65

Urbanization
Rural 0.35 1.31 0.19 1.33 0.07 0.37
Urban -0.25 -0.97 -0.10 -0.68 0.00 0.02
Adjusted R2b 0.09 0.10 0.08
n 1565
a Values given are t statistics with degrees of freedom equal to 1550, so the
cutoff for a two-tailed, 0.05 significance level is 1.96.
b For the Logit results the R2 reported is due to Estrella.42
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Table 4.  Marginal Effects of Determinants of BMI in Children
and Teenagersa

Intercept BMI Risk Overweight
Food Source

Restaurant 0.84 0.09 0.09
Fast Food 1.24* 0.09 0.10*
School -1.31 -0.09 -0.02

Demographics
BMI_FP 0.13* 0.01* 0.01*
Log(Income) -0.61* -0.08* -0.05*
African American 0.48 0.07* 0.00
Hispanic 0.43 0.01 0.01

Lifestyle
TV 0.14* 0.02* 0.01*
Exercise -0.39 -0.08* -0.08*
Smoke -1.16* -0.22* -0.14*
Healthy -0.83* -0.07* -0.04

Diet
Vegetarian -1.09 -0.11 -0.09
Diet 3.11* 0.21* 0.15*

Urbanization
Rural 0.35 0.04 0.01
Urban -0.25 -0.02 0.00
* Associated coefficient is significant at the .05 level.
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