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Abstract
Background: Risk factors for childhood obesity include unhealthy diet, physical inactivity and
lack of knowledge about nutrition and health. The purpose of this study was to investigate the
potential associations between socio-economic determinants, dietary intake, self-perception,
weight control behaviours and childhood overweight and obesity.
Methods: Cross-sectional data from the National Health and Nutrition Examination Survey
2013-2014 in the United States was examined. The sample included participants age 2-19,
whose measured BMI indicated ‘normal weight’ or ‘overweight or obese’. The relationship
between socio-economic determinants and dietary intake with BMI status was analysed using
multiple logistic regression. Differences in self-perception of weight and associated weight
control behaviours in relation to BMI status were examined in a sub-sample of youth age 8-15.
Results: School age (6-11 years) and adolescence (12-19 years); Mexican American, Other
Hispanic and Black ethnicity; and household size of maximum two persons were significantly
associated with increased odds of childhood overweight/obesity, while Asian ethnicity and
above-mean household income (>$64,999) showed a protective effect. There was no
statistically significant relationship between dietary intake patterns and BMI status. Only 39%
of overweight youth age 8-15 identified their weight status correctly. Weight-loss attempts were
common among youth, 62% had tried to lose weight in the past year.
Conclusion: Significant associations between children’s BMI status and the socio-economic
determinants age, ethnicity, household size and income highlight the importance of tailored
prevention efforts. Incorrect self-perception of weight and weight control behaviours were
common among children and adolescents.
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Glossary
Body Mass Index (BMI) – Body weight in kilograms divided by the square of height in meters.
BMI calculations are used as a screening tool for over- or underweight. The normal BMI range
is from 18.5 to less than 25, a BMI of less than 18.5 is considered underweight, while a BMI of
25 or more is considered overweight. Obesity is indicated if the BMI is 30 or higher (1).
Obesity – Accumulation of excessive body fat, which presents a risk to health. A typical
measure of obesity is the body mass index (2).
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1. Introduction
1.1 Childhood obesity
Overweight and obesity are considered a global epidemic and a serious public health issue. The
prevalence of obesity has more than doubled since the 1980s, with 39% of the global population
being considered overweight in 2014 (3). Approximately 1.9 billion adults were overweight,
while 41 million children under five years of age were considered overweight or obese (4). The
increasing prevalence of childhood overweight and obesity is concerning. Once considered a
high-income country problem, overweight and obesity have become more prevalent in low- and
middle-income countries, with half of the overweight children under five living in Asia and one
quarter living in Africa (5). Now, most people live in countries where overweight and obesity
are a more common cause of death than underweight (3).
To determine whether a child is overweight or obese, the body mass index (BMI) is calculated
based on weight and height measurements. Children’s weight status is determined using a sexand age-specific percentile for BMI. Normal weight is defined as BMI at the 5th and below the
85th percentile, while overweight ranges from a BMI at the 85th to below the 95th percentile,
and children with a BMI at the 95th percentile or above are considered obese (6). Once
established, obesity severely compromises the individual’s health by increasing the lifetime risk
for non-communicable diseases such as type 2 diabetes, asthma, hypertension and
cardiovascular disease (7). Similar to obesity rates, the global prevalence of diabetes increased
from 108 million in 1980 to 420 million in 2014 (8). In addition to physical health, obesity
affects the well-being and quality of life of children by causing psychological stress, anxiety,
depression, eating disorders and significantly lower self-esteem (7,9). A study among obese
children age 8-12 in the United States of America (U.S.) found significantly higher levels of
depression among children who experienced weight-related teasing by peers (10). Furthermore,
it has been shown that children, who experience obesity at an early age, are more likely to
become obese adults (7), underlining the need for comprehensive prevention programs that
target the problem in early childhood.
1.2 Risk factors for obesity
The direct cause of obesity and overweight is simple: an imbalance between calories consumed
and calories burnt through physical activity leads to increase in bodyweight. The underlying
causes however, are much more complex as changes in dietary and physical activity patterns
7

are the result of environmental and societal changes, particularly in healthcare, education, food
processing and marketing. The U.S. is one example of a country severely affected by the
transition from an active to a mostly sedentary lifestyle, and the incidence of childhood obesity
has seen a rapid increase over the past decades. Currently, one out of five school-aged children
living in the U.S. is obese (11). Recent surveys show that 80% of adults in the U.S. population
fail to meet the recommendations for physical activity issued by the government (12). At the
same time, there has been a shift in dietary intake patterns over the past decades. Results from
a study based on data from the National Health and Nutrition Examination Survey (NHANES)
showed, that children age 2-18 received almost 40% of their daily energy intake in the form of
‘empty’ calories, such as solid fat and added sugars (13). These calories are considered ‘empty’
as they contain no nutritional value. Insufficient physical activity and consumption of highcalorie foods and sugar-sweetened beverages have been positively associated with obesity in
children (7). Studies show that frequent consumption of sugar-sweetened beverages
dramatically increased the risk of developing type 2 diabetes in adults (14). A similar
association exists for screen-related behaviours, such as watching television or playing video
games, as they contribute to sedentary time and decrease calorie expenditure (15,16).
Previous studies on obesity and its association with socio-economic factors have shown a
paradox relationship between obesity and poverty, with poor populations having an increased
risk of developing excess body weight compared to richer population (17). The prevalence of
obesity among adolescents from high-income families in the U.S. has decreased, while the
prevalence among adolescents with a low-socioeconomic background has increased in recent
years (18). Similarly, food insecurity has been observed to commonly co-exist with obesity
(19). Low level of education among the parents has been identified as one of the factors known
to put children at higher risk for obesity (7). According to the social learning theory, parents
are seen as role models by their children and consequently, parental food intake and physical
activity influences child behaviour (20). Positive eating habits within the family home were
associated with lower BMI levels in a study among school-age children in the U.S., suggesting
that the family setting is important when addressing childhood obesity (21). Previous research
has shown that overweight parents are more likely to raise overweight children (22). Similarly,
parents more commonly underestimate their child’s weight if they are overweight themselves
(23).
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1.3 Body image and weight control behaviour
Body image describes a person’s perception of their physical appearance and the thoughts and
emotions resulting from this perception (24). When the perception of the own body is linked to
negative feelings, the person is at risk for developing body dissatisfaction. High levels of body
dissatisfaction have been reported among adolescents and adults, but recent studies revealed
that young children also experience the desire to be thinner (25). Social comparisons have been
shown to influence the development of body dissatisfaction among children and adolescents in
both positive and negative ways (26). While girls typically focus on appearance-related
comparisons and experience negative emotions when comparing themselves to pictures in the
media, boys focus on sports-related comparisons and feel inspired by media, a recent study
from Australia revealed (26). As children are being more and more exposed to idealised, yet
often unrealistic bodies in social networks, media and advertising, adverse health outcomes
linked to social comparisons are likely to increase. A study among German school children age
8-12 showed that one third of the normal weight children expressed the desire to be thinner and
one in five children engaged in active weight loss behaviour (27). Continuous dissatisfaction
with the own body and the desire to look more like peers or role models displayed in the media,
may result in unhealthy weight control behaviours among children.

1.4 Obesity prevention
In their 2016 report on ending childhood obesity the World Health Organization (WHO)
recommend implementing comprehensive programs that increase the intake of healthy foods,
reduce the intake of sugar-sweetened beverages and promote physical activity in children and
adolescents. More specifically, they recommend to provide family-based lifestyle interventions
for weight management in obese children and adolescents (4). The Centers for Disease Control
and Prevention issued a comprehensive summary of recommendations for community-based
strategies to prevent obesity in the U.S., which includes promotion of affordable healthy foods
and beverages and limitation of availability and advertisement of unhealthy foods to facilitate
healthy food choices (28). Moreover, they recommend to increase the support for breastfeeding,
encourage physical activity and reduce sedentary activity in school and community settings.
These recommendations aim to support states and communities in their efforts to create
environments which encourage healthy eating and active lifestyles. They further suggest tools
which help local governments to plan, implement and monitor their obesity prevention efforts.
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1.5 Conceptual framework
The potential interactions between the household food environment and individual factors and
child weight are presented in the conceptual framework in Figure 1. The conceptual framework
was created by merging two concepts together. Rosenkranz and Dzewaltowski (29) proposed a
framework that conceptualizes the food environment within the household as interaction
between the three environments ‘built and natural’, ‘socio-cultural’ and ‘political and
economic’, which ultimately influences the children’s dietary intake patterns. Rosenkranz and
Dzewaltowski differentiate between micro-level and macro-level factors. Micro-level factors
are those within the household, while macro-level factors extend beyond the household and
may include the actions of non-household members, government policies, infrastructure or
consumption trends, which in turn influence behaviour within the home. Thus, only micro-level
domains were included in the presented framework since the focus of the study was on potential
influence of the household food environment on childhood obesity. The original framework
used the terms ‘family’ and ‘home’, which were replaced by ‘household’ in the adapted version
to fit the purpose of this study. This change was regarded necessary since ‘family’ is a complex
construct, which is not necessarily bound to blood relations or marriage, and the understanding
of ‘family’ may vary between individuals. To ensure comparability of data, in the NHANES
dataset ‘family’ was defined as a group of two or more people related by birth, marriage, or
adoption and residing together. Since the variable may not be representative of the child’s living
situation, the variable ‘household’ was added, which included all people living in the same
household as the participant. This understanding of living arrangements as defined in the
NHANES dataset is represented in the adapted framework. Fitzgerald’s and Spaccarotella’s
‘Ecological model of factors influencing diet and physical activity’ (30) presents an overview
of common barriers to healthy eating and physical activity on intrapersonal, interpersonal,
community and institution, and macro and public policy levels of an ecological model. While
the three higher levels were also represented in a more detailed manner in Rosenkranz’s and
Dzewaltwoski’s framework, the intrapersonal level was not included specifically. Fitzgerald
and Spaccarotella suggested that the individual’s control over intrapersonal level factors, such
as nutrition knowledge or motivation to exercise, could present barriers to choosing a healthy
diet and being physically active. The authors argued that multi-faceted approaches were needed
to overcome the existing barriers to healthy lifestyle behaviours on all four levels and decrease
the risk for overweight in children. A combination of elements from both frameworks was
chosen as theoretical base for this study, with both the food environment within the household
and individual characteristics of the child being connected to the child’s dietary intake patterns
10

and potentially influencing child weight.
Figure 1. Conceptual framework illustrating the potential impact of factors within the
household food environment and individual characteristics on child weight. The framework
was based on publications from Rosenkranz and Dzewaltowski (29) and Fitzgerald and
Spaccarotella (30).

1.6 Study rationale
There are many barriers to healthy eating on different levels, including both the child and the
household which constitutes the child’s direct environment. Those barriers need to be overcome
in order to address the main causes for childhood overweight and consequently decrease the
risk for chronic diseases later in life. Further investigation of the importance of individual
factors regarding a body weight could help to improve future interventions and increase the
effectiveness of prevention efforts. Making childhood obesity programs more specific by
directly targeting the underlying causes of excessive weight gain could be an important
advancement in promoting child health.

1.7 Research aim
The study aimed to identify potential socio-demographic factors and nutrition-related
behaviours within the household and their association with childhood overweight among
children age 2-19, who participated in the U.S. National Health and Nutrition Examination
Survey 2013-2014. The secondary aim was to identify potential relations between self11

perception of weight, weight-loss behaviour and frequency of weight-loss attempts, and BMI
status among youth age 8-15 of the same study population.

1.8 Research question
Two separate research questions were formed in order to attain the aim of the study.
I.

Are socio-economic determinants and dietary intake patterns associated with BMI status
among children age 2-19 from the NHANES 2013-2014?

II.

Are there differences in self-perception of weight and associated weight control
behaviours in relation to BMI status among a sub-sample of youth age 8-15?
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2. Methods
2.1 Study design
The present study is of cross-sectional design and was conducted by analysing secondary data
obtained from the National Health and Nutrition Examination Survey (NHANES) between
2013 and 2014 in the U.S. Data was retrieved from the online databank of the National Center
for Health Statistics (31).

2.2 Study setting
The study was based on data from the NHANES, which is a continuous series of annual studies
and assesses the health and nutrition status of the U.S. population. The primary aim of the
NHANES is to provide comprehensive statistics on health and nutrition with special focus on
sex, ethnicity and age subgroups of the general U.S. population (32). NHANES data is used on
a national level to monitor the prevalence, awareness, treatment and control of selected
diseases, and to investigate trends in risk behaviours and environmental exposure (33). The
study design of the NHANES was cross-sectional and combined physical and laboratory
examinations with interviews based on standardised questionnaires. The NHANES intends to
represent the whole U.S. population and participants were recruited from all parts of the U.S.
according to a defined sampling process.
2.2.1 Country context U.S.
The United States of America (U.S.) is the world’s third largest country by population, with an
estimated number of 323,127,513 inhabitants in 2016 (34). Located in North America, the U.S.
borders to Canada in the north and Mexico in the south and is surrounded by the Atlantic Ocean
in the east and the Pacific Ocean in the west. 48 of the 50 states are contiguous, while the state
of Alaska is situated in the far north-eastern corner of the North American continent and the
state of Hawaii comprises a group of islands in the Pacific Ocean. Altogether, U.S. territories
cover nine time zones and several, extremely diverse climate zones ranging from arctic
conditions in Alaska to hot desert climate in the Death Valley, California. The U.S. is classified
as a high-income country with an estimated gross domestic product of 18 trillion U.S. dollars
in 2015 according to the World Bank (35). This makes it the world’s largest national economy,
characterised by a well-developed infrastructure, high productivity, and profits from abundant
natural resources such as coal and mineral deposits (36). Consequently, the U.S. is highest on
the list of wealthiest countries, with American citizens in possession of 42% of the world’s
13

wealth despite constituting only 4% of the global population (37). At the same time, the country
struggles with high wealth inequality and 14% of Americans live in poverty according to
current estimates (38). While the birth rate decreased over the past century and is currently 2.0
children per woman (39), the U.S. population continues to grow faster compared to most other
high-income countries. Immigration has caused the U.S. population to continue its rapid
population growth, with the foreign-born population accounting for more than 43 million
people or 14% of the total U.S. population in 2015 (40). Due to the large share of immigrants,
the U.S. population is characterised by ethnical diversity and multi-culturalism. When asked
about their race in the last census in 2010, 72% of the population self-identified as White, 13%
as Black or African-American, 5% as Asian and 10% as multi-racial or belonging to one of the
native populations (41). Furthermore, 16% of the total U.S. population self-identified as
Hispanic or Latino American, which is classed as ethnicity and not connected to the racial
identity. However, one may argue that all humans are of the same race and White, Black, Asian
and similar are also ethnicities. Therefore, the term ‘ethnicity’ is used throughout this thesis
and includes all groups commonly known as ethnicities as well as races.
The health care system in the U.S. consists of both public and private health care providers.
According to the WHO, the U.S. has the highest per capita expenditure on health globally
(9,403 International $ in 2014). However, most insurance schemes demand the individual to
contribute financially, which exceeds the means of many citizens, resulting in 49 million U.S.
citizens living without health insurance in 2010 (42). The fact that health care coverage is not
universal has become a major political issue and public demands to decrease the financial
burden of health care on the individual have led to the passing of the Patient Protection and
Affordable Care Act in 2010, with the aim to increase health insurance affordability and quality.
Since then, health care coverage increased continuously with about 29 million people in the
U.S. living without health insurance in 2015 (42).

2.2.2 Health situation in the U.S.
Life expectancy at birth in the U.S. is 77 years for males and 82 years for females according to
the WHO’s country report from 2015 (39). In regards to the Millennium Development Goals,
the country was well below the regional average, with an under-five mortality rate of 7 per
1,000 live births and a maternal mortality ratio of 28 per 100,000 live births in 2013 (43). The
leading cause of death was ischaemic heart disease, which accounted for nearly 400,000 deaths
in 2012, followed by other non-communicable disease such as Alzheimer’s and other
14

dementias, and lung cancer as number two and three respectively (43). Diabetes mellitus was
the sixth most common cause of death, killing 71,500 people in 2012 (43). As for burden of
disease, measured in disability-adjusted life years as the sum of years of life lost due to
premature mortality and years of healthy life lost due to disability, cardiovascular diseases and
diabetes ranked second after neuro-psychiatric conditions as the top cause (43). In 2012, an
estimated 29 million people or 9% of the total U.S. population lived with diabetes (44). Results
from the SEARCH for Diabetes in Youth study found that during 2008-2009, more than 5,000
children and adolescents were diagnosed with type 2 diabetes annually (44). At the same time,
the proportion of overweight or obese people is increasing at a substantial rate, from 31% in
1999-2000 to 38% of adults age 20 years and older classified as obese in 2013-2014 (45).
Furthermore, 33% of adults were considered overweight, meaning 71% of the adult U.S.
population exceeded what is regarded to be a healthy body weight in 2013-2014. A similar
trend was seen for younger generations, as the proportion of obese youth age 2-19 years
increased from 14% in 1999-2000 to 17% in 2013-2014 (45). Physical inactivity is one of the
main risk factors for overweight and only 21% of the adult U.S. population met the Physical
Activity guidelines for both aerobic and muscle-strengthening activity, which recommend that
adults perform at least 150 minutes of moderate-intensity physical activity per week as well as
muscle-strengthening activities on two or more days per week to achieve substantial health
benefits (46). A study of physical activity among children showed that physical activity levels
decrease drastically with age. While 42% percent of children age 6-11 years achieved the
recommended 60 minutes of daily physical activity, only 8% of children age 12-19 years
reached the same level of daily physical activity (47). Besides physical inactivity, the main risk
factor for overweight is an unhealthy diet. Recent publications from the U.S. Department of
Agriculture showed that the general U.S. population fails to meet the recommendations for fruit,
vegetable and dairy intake, while exceeding the recommended levels of meat, egg, nut and grain
consumption (48). While fresh, home-cooked meals become less popular, the consumption of
fast food as part of the daily diet increased over the past years. In 2011-2012, one third of
children age 2-19 years consumed fast food on any given day and 12% obtained more than 40%
of their daily calories from fast food (49). Findings from a survey among 1,039 randomly
selected U.S. citizens showed that half of the adult population would like to lose weight and
one in four participants was seriously trying to lose weight at the time of the interview in 2013
(50).
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2.3 Study population
Data from the NHANES 2013-2014 was used for analysis, as it was the latest data available in
the databank of the National Center for Health Statistics. The NHANES aimed to represent the
noninstitutionalized civilian resident population of the U.S., excluding people in supervised
care or custody institutions, active-duty military personnel and any other U.S. citizen living
abroad. The target sample size for the annual NHANES was 5,000 people who complete all
physical and laboratory examinations and answer the questionnaires. The sampling process
took part in four stages as illustrated in Figure 2. All counties in the U.S. were divided into 15
large groups and one county was selected from each group, together comprising the 15 counties
included in the annual NHANES survey. In the second stage, each county was divided into
subgroups with a known number of households and 20 to 24 of these smaller groups were
selected for the survey. In stage three, all households within the subgroups were identified and
a sample of about 30 households was selected within each subgroup. Stage four had NHANES
interviewers approach each of the selected households and collect information on sociodemographics, such as age, gender and ethnicity, on all persons in the households. A computer
algorithm then randomly selected individual persons from the households, meaning that some,
all or no members from each household could be included in the study. Since each NHANES
covers only a small number of sampling units, parameter estimates were found to be rather
unstable and the risk of disclosure of a sample person’s identity increased. Therefore, data is
publicly released in two-year cycles with each dataset representing two consecutive surveys
(32).
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Figure 2. Four-stage sampling process of the annual NHANES (51).

During its more than 50 years of existence, the NHANES study design was adapted in many
ways, amongst others to include more participants from under-represented subpopulations. The
U.S. Census Bureau’s projections and data from the American Community Survey were used
to obtain estimates of the total U.S. population by ethnicity in order to calculate the samplesize targets for specified sampling domains of the annual NHANES. Sampling domains were
defined by ethnicity, sex, age and income status (32). In the NHANES 2013-2014, oversampled subgroups were Hispanic, Black, Asian persons, White and Other persons at or below
130 percent of the poverty level, and White and Other persons aged 80 years and older. ‘Other’
included all non-Hispanic persons who reported races other than Black, Asian, or White. Since
the 2013-2014 NHANES cycle was the first one to include an oversample of the Asian
population, sampling rates were calculated based on response rates from previous surveys. A
detailed description of the NHANES sample design of the respective years can be found in a
publication by Johnson et al (32).
For the NHANES 2013-2014, a total of 14,332 persons were selected from 30 different study
locations, of which 10,175 completed the interview and 9,813 completed the examinations over
the two-year cycle (33). Individuals from the original study were included in the secondary
17

analysis based on age (2-19 years) and child BMI category (Normal weight; Overweight;
Obese), leading to a total of 3,391 individuals included in the present study. For the secondary
objective, only participants who successfully completed the Weight History for Youth
questionnaire were sampled, which resulted in 1,414 individuals included in analysis of the
second research question. Figure 3 (p. 25) illustrates the selection process.

2.4 Sample size
The expected annual sample size at design stage included 11,500 households to be screened,
leading to 6,888 sampled persons and resulting in a final total of 5,000 examined persons (32).

2.5 Data collection
Data for the present study was retrieved from the online databank of the National Center for
Health Statistics (31). Data collection for the NHANES consisted of a household screener, an
interview, and an examination. The household screener determined whether any members of
the randomly selected households were eligible for participation in the survey by collecting
socio-demographic information from all persons in the households, such as age, gender and
ethnicity. The interview was based on a standardised questionnaire and collected individual
demographic, health and nutrition information, as well as information concerning the household
of the participant. The examination included both physical measurements, such as weight,
height and blood pressure, a dental examination and laboratory testing of blood and urine
samples (32). Data was collected in two consecutive years, 2013 and 2014, and combined into
one dataset.
2.6 Variables
2.6.1 Outcome
The outcome variable was child BMI category, which was created in the original dataset for
children and adolescents 2-19 years of age at examination (52). Gender and age in months were
used to match BMI growth chart data, which was based on the Centers for Disease Control and
Prevention’s sex-specific 2000 BMI-for-age growth charts for the U.S. The original study
distinguished four categories: ‘Underweight’ (BMI < 5th percentile), ‘Normal weight’ (BMI 5th
to <85th percentile), ‘Overweight’ (BMI 85th to <95th percentile), and ‘Obese’ (BMI ≥ 95th
percentile). The original categories were further collapsed into the two categories ‘Normal
weight’ (BMI 5th to <85th percentile) and ‘Overweight and Obese’ (BMI ≥ 85th percentile) to
create a binomial variable. The latter is therefore henceforth referred to as ‘Overweight’
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category, bearing in mind that it includes both overweight and obese children. Individuals
belonging to the original category ‘Underweight’ (BMI < 5th percentile) were excluded from
the study.
2.6.2 Socio-economic determinants
Age
Self-reported age of the participant in years at screening (53). In the original dataset, the
variable was numerical, but was transformed into a factor variable with three categories
(preschool children age 2-5, school children age 6-11, adolescents age 12-19). The categories
were based on previous publications of NHANES data to allow comparison (54–56). The
youngest age category, preschool children age 2-5, was used as reference category.
Gender
Gender of the participant. The variable was binomial, participants self-identified as either
‘male’ or ‘female’ (53). Male gender was used as reference category.
Ethnicity
Reported ethnicity of the participant (53). Participants who self-identified as ‘Mexican
American’ were coded as such, regardless of other ethnic identities. Participants who selfidentified as ‘Hispanic’ were coded as ‘Other Hispanic’. All other non-Hispanic participants
were coded based on their self-reported ethnicity into ‘White’, ‘Black’, ‘Asian’, and ‘Other’ for
participants who self-identified as other ethnicities, including non-Hispanic multi-ethnic.
‘White’ ethnicity was used as reference category.
Family size
Total number of people in the participant’s family. ‘Family’ was defined as a group of two or
more people related by birth, marriage, or adoption and residing together (53). In the original
dataset, the variable had a range from one to seven as families of seven or more people were
combined in one category due to the risk of disclosure. For analysis, the variable was collapsed
into three categories. The mean family size in the U.S. in 2013 was 3.1 individuals per family
(57). Based on this data, participants were grouped into the categories ‘mean family size’ (threeperson family), ‘below mean’ (one- or two-person family) and ‘above mean’ (four-person or
more family). The variable ‘family size’ was shown in descriptive statistics for comparison
with the similar variable ‘household size’, but not included in analysis.
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Household size
Total number of people in the participant’s household. ‘Household’ included people that were
living together with the participant, but were not necessarily related by birth, marriage, or
adoption (53). In the original dataset, the variable had a range from one to seven as households
of seven or more people were combined in one category due to the risk of disclosure. For
analysis, the variable was collapsed into three categories. The mean household size in the U.S.
in 2013 was 2.5 individuals per household (58). Based on this data, participants were grouped
into the categories ‘mean household size’ (three-person household), ‘below mean’ (one- or twoperson household) and ‘above mean’ (four-person or more household). The category ‘mean
household size’ was used as reference category.
Household income
Total household income in the last calendar year in ranges of U.S. dollars ($) (53). The variable
in the original dataset had multiple categories, ranging from ‘$0,000 – $4,999’ to ‘$100,000
and more’. Participants who were not willing or able to report a range, but only indicated
whether their income was ‘under $20,0000’ or ‘over $20,000’, were treated as ‘Missing’ in the
present study. Participants who reported ‘Don’t know’ or refused to answer, were also included
in ‘Missing’. For analysis, the variable was collapsed into three categories. The average annual
household income in the U.S. in 2013 was $53,166 (59). Based on this data, participants were
grouped into the categories ‘mean household income’ ($45,000 – $64,999), ‘below mean’
(below $45,000) and ‘above mean’ (above $64,999). The category ‘mean household income’
was used as reference category.

2.6.3 Proximate determinants
Number of meals not home-prepared
Participants were asked the question ‘How many meals (breakfast, lunch and dinner) in the past
seven days did you get that were prepared away from home in places such as restaurants, fast
food places, food stands, grocery stores, or from vending machines?’ (60). Not included in this
were meals provided as part of school breakfast or lunch, and meals provided as part of
community programs. Separate questions were asked about these specific subjects, but were
not included in the present study. If the participant reported ‘never’, the answer was coded as
zero. Reported frequencies greater than 21 were combined in the code ‘more than 21’. For the
present study, the answers were further categorized into the categories ‘0’, ‘1-2’, ‘3-5’ and ‘>5’.
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Categories were chosen similar to previous publications (61). Participants who responded
‘Don’t know’ were included in ‘Missing’. The category ‘0’ was used as reference category.
Number of meals from fast food or pizza places
Participants were asked the question ‘How many of those meals (see previous variable) did you
get from a fast food or pizza place?’ (60). If the participant reported ‘never’, the answer was
coded as zero. Reported frequencies greater than 21 were combined in the code ‘more than 21’.
For the present study, the answers were further categorized into the categories ‘0’, ‘1-2’, ‘3-5’
and ‘>5’. Categories were chosen similar to previous publications (61). Participants who
responded ‘Don’t know’ were included in ‘Missing’. The variable was analysed in crude
analysis, but not included in multiple logistic regression analysis due to perfect collinearity with
the variable ‘Number of meals not home-prepared’. The category ‘0’ was used as reference
category.
Number of ready-to-eat foods
Participants were asked the question ‘Some grocery stores sell "ready to eat" foods such as
salads, soups, chicken, sandwiches and cooked vegetables in their salad bars and deli counters
(60). During the past 30 days, how often did you eat "ready to eat" foods from the grocery
store?’. Not included in this were products used to make sandwiches, such as sliced meat or
cheese, and frozen or canned foods. The question included two parts (number and unit) to allow
participants to report the frequency of ready-to-eat foods as either per day, per week, or per
month. The information was then transformed to standardize the reported frequency to number
of ready-to-eat foods in the past 30 days. If the participant reported ‘never’, the answer was
coded as zero. For the present study, the answers were further categorized into the categories
‘0’, ‘1-10’, ‘11-20’ and ‘>20’. Categories were chosen subjectively, since no publication with
a similar variable was found, and ranges were set wider compared to the previous dietary
variables due to the 30-day recall period. Participants who responded ‘Don’t know’ were
included in ‘Missing’. The category ‘0’ was used as reference category.
Number of frozen meals or pizzas
Participants were asked the question ‘During the past 30 days, how often did you eat frozen
meals or frozen pizzas?’ (60). The question included two parts (number and unit) to allow
participants to report the frequency of frozen meals or pizzas as either per day, per week, or per
month. The information was then transformed to standardize the reported frequency to number
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of frozen meals or pizzas in the past 30 days. If the participant reported ‘never’, the answer was
coded as zero. For the present study, the answers were further categorized into the categories
‘0’, ‘1-10’, ’11-20’ and ‘>20’. Categories were chosen subjectively, since no publication with
a similar variable was found, and ranges were set wider compared to the previous dietary
variables due to the 30-day recall period. Participants who responded ‘Don’t know’ were
included in ‘Missing’. The category ‘0’ was used as reference category.

2.6.4 Secondary objective determinants
The information was collected during the examination in a separate questionnaire, which was
designed for children age 8-15 (62). Proxy respondents were not permitted for this interview.
Self-perception of weight
Participants were asked the question ‘Do you consider yourself now to be fat or overweight,
too thin, or about the right weight?’. Participants who responded ‘Don’t know’ or refused were
excluded from analysis.
Weight-related behaviour
Participants were asked the question ‘Which of the following are you trying to do about your
weight: lose weight, gain weight, stay the same weight, or not trying to do anything about your
weight?’. Participants who responded ‘Don’t know’ or refused were excluded from analysis.
Number of weight-loss attempts
Participants were asked the question ‘In the past year, how often have you tried to lose weight?
Would you say never, sometimes, or a lot?’. Participants who responded ‘Don’t know’ or
refused were excluded from analysis.

2.7 Statistical analysis
Statistical analysis was performed using the statistical software R version 3.3.2 (63) and the
extension package R commander (64). Statistical significance was defined as p < 0.05 and
presented using 95% confidence intervals (CI). P-values were determined using Pearson’s Chisquare test.
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2.7.1 Descriptive statistics
Since all variables included in analysis were categorical, frequency tables were used to describe
all predictor variables. A summary of the participants’ socio-demographic characteristics and
proximate determinants, i.e. number of meals not home-prepared, number of meals from fast
food or pizza places, number of ready-to-eat foods, or number of frozen meals or pizzas, was
conducted and tested against the outcome variable ‘child BMI category’. Results were reported
in Table 1 (p. 27). Bar graphs were used to illustrate the distribution of the variable family size
in comparison to the similar variable household size.
2.7.2 Inferential statistics
The outcome variable ‘child BMI category’ was converted into a binomial variable. Thus,
logistic regression as statistical model was chosen to determine the potential association
between childhood overweight, and socio-demographic characteristics and dietary behaviour
of the participants. Logistic regression does not make assumptions of linearity or normality, as
other models do, and therefore those qualities didn’t need to be assessed. Since the variables
concerning dietary behaviour did not show any significance in crude analysis, only the sociodemographic variables were included in the first multiple regression model. The variable
‘Family size’ was only used for descriptive statistics and not included in regression analysis,
and the variable ‘Number of meals from fast food or pizza places’ was excluded from multiple
regression analysis due to perfect collinearity with the variable ‘Number of meals not homeprepared’. Therefore, the second multiple regression model included the three remaining
variables concerning dietary behaviour, together with all socio-demographic variables used for
analysis.
2.7.3 Multicollinearity
Multicollinearity was tested by calculating the Variance Inflation Factor (VIF) using the R
commander function. The threshold for correlation was set at VIF > 12.

2.7.4 Missing value analysis
In the present study, participants with missing data for the outcome variable ‘child BMI
category’ (N=216) were excluded from analysis. Those individuals were not included in the
study population, but a separate analysis was performed to compare the baseline characteristics
of children with missing BMI to those included in the study.
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3. Ethical considerations
The NHANES protocol was developed according to the U.S. Department of Health & Human
Services Policy for Protection of Human Research Subjects and approved by the National
Center for Health Statistics Research Ethics Review Board (65). Participation in the NHANES
was voluntary. Informed consent was obtained from sample persons aged twelve and over after
they were informed of the survey process and their rights as a participant in both oral and written
form. In the case of participants aged 18 and under, a parent or guardian had to give permission
for participation. The same procedure applied for cognitively impaired persons. Since
NHANES participation consists of two parts, home interview and health examination, separate
consent was obtained for both parts. Minors aged 7-11 were given a child examination assent
brochure, which explained participation at a child-friendly reading level, and a separate assent
form in addition to their parents’ or guardians’ consent form. Interpreters were present in case
the sample person did not speak or read English or Spanish (65). They were equipped with
translated glossaries of terms and exam scripts to minimise translation errors, and a professional
medical interpreter phone service was available in case there was need for further assistance.
Survey materials were translated into several Asian languages (Mandarin Chinese, Korean,
Vietnamese), Amharic, French, Haitian Creole, Hindi and Spanish to achieve oversampling of
subpopulations. All NHANES staff underwent cultural competency training to increase
recognition of cultural differences (33). If necessary, transportation was provided to and from
the mobile clinic, where the health examination took place to ensure equal possibilities of
participation for everyone (66). All participants received compensation and a report of their
medical findings.

4. Results
A total of 14,322 individuals were sampled for the two NHANES cycles in 2013 and 2014, of
which 10,175 completed the home interview and 9,813 completed the health examination. After
excluding all participants below the age of two or above the age of 19, everyone belonging to
the child BMI category ‘Underweight’ (BMI < 5th percentile), and those with missing BMI data,
the study population amounted to 3,391 participants. Analysis of the second research question
was performed on a subset of the previous sample and only included participants age 8-15, who
had successfully completed the ‘Weight History for Youth’ questionnaire (N=1,414).
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Figure 3. Flowchart to illustrate the sampling process of individuals for the present study from
the original NHANES 2013-2014 study population.

25

4.1 Characteristics of study population
An overview of baseline characteristics of the study population is shown in Table 1. A total of
3,391 participants were included in the present study, out of which 2,167 (64%) were normal
weight and 1,224 (36%) were overweight or obese. The study included children between two
and 19 years of age. Significantly fewer participants belonged to the youngest age group (24%),
while the proportions of participants in the middle and oldest age group were similar (37% and
39%, respectively). Gender distribution was almost equal with 1,726 (51%) male and 1,665
(49%) female participants. When asked about their ethnicity, most participants self-identified
as White or Black (26% each), followed by Mexican American (22%), Other Hispanic (10%),
Asian (9%) and Other (7%). The majority of participants lived in families with above mean
family size and similar observations were made regarding household size. Among household
income groups, a larger proportion of participants belonged to the highest household income
group compared to all other groups. Concerning dietary behaviour, 45% of participants reported
having consumed one or two meals which were not home-prepared in the past week. Equal
proportions (24% each) of participants reported having consumed either zero or between three
and five meals which were not home-prepared while 5% of participants reported having
consumed more than five meals which were not home-prepared in the past week. When asked
how many of those meals were from fast food or pizza places, a similar trend was observed, as
45% of participants reported having consumed one or two fast food meals. The proportions of
participants who reported having consumed zero or between three and five fast food meals were
similar (13% and 14% respectively), although lower compared to the previous question. 869
out of 1,391 participants were missing values for the fast food question, as participants who
reported having consumed zero meals which were not home-prepared in the past week
automatically skipped the question regarding the share of fast food among those meals. 75% of
participants reported having consumed zero ready-to-eat foods, such as salads and sandwiches
from the grocery store, while 21% reported having consumed such foods between one and ten
times in the past month. Consumption of ready-to-eat foods between eleven and 20 times or
more than 20 times in the past month was uncommon (1% each). Similar tendencies were
observed for the consumption of frozen meals, as 55% of participants reported having
consumed zero frozen meals and 36% of participants reported having consumed frozen meals
between one and ten times in the past month. Higher consumption of frozen meals was slightly
more common compared to consumption of ready-to-eat foods, with 4% of participants reported
having consumed frozen meals between eleven and 20 times, and 3% reported more than 20
times in the past month.
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Table 1. Baseline characteristics of normal weight (BMI 5th to <85th percentile) and overweight
(BMI ≥ 85th percentile) children age 2-19 in the U.S. based on data from the NHANES 20132014. Total population N=3,391, separated by weight status into the subpopulations N1 and N2.
Results are presented as absolute frequencies (n), with relative frequencies (n/N) in parentheses.
Due to rounding, column percentages may not add up to 100%.

Variable

Total

Normal weight

Overweight

(N=3,391)

(N1=2,167)

(N2=1,224)

n (n/N)

n (n/N1)

n (n/N2)

Outcome
Normal weight

2167 (64)

Overweight

1224 (36)

Socio-economic determinants
Age (years)
2-5

820 (24)

593 (27)

227 (19)

6-11

1255 (37)

779 (36)

476 (39)

12-19

1316 (39)

795 (37)

521 (43)

Male

1726 (51)

1113 (51)

613 (50)

Female

1665 (49)

1054 (49)

611 (50)

White

883 (26)

617 (29)

266 (22)

Mexican American

755 (22)

420 (19)

335 (27)

Other Hispanic

350 (10)

201 (9)

149 (12)

Black

872 (26)

545 (25)

327 (27)

Asian

306 (9)

237 (11)

69 (6)

Other

225 (7)

147 (7)

78 (6)

Mean (3)

507 (15)

324 (15)

183 (15)

Below mean (1-2)

205 (6)

119 (6)

86 (7)

Above mean (>3)

2679 (79)

1724 (80)

955 (78)

Gender

Ethnicity

Family size

Household size
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Mean (3)

508 (15)

326 (15)

182 (15)

Below mean (1-2)

147 (4)

81 (4)

66 (5)

Above mean (>3)

2736 (81)

1760 (81)

976 (80)

$ 0 to $ 4,999

124 (4)

82 (4)

42 (3)

$ 5,000 to $ 9,999

135 (4)

90 (4)

45 (4)

$ 10,000 to $ 14,999

197 (6)

121 (6)

76 (6)

$ 15,000 to $ 19,999

224 (7)

151 (7)

73 (6)

$ 20,000 to $ 24,999

324 (10)

204 (9)

120 (10)

$ 25,000 to $ 34,999

467 (14)

267 (12)

200 (16)

$ 35,000 to $ 44,999

314 (9)

182 (8)

132 (11)

$ 45,000 to $ 54,999

248 (7)

152 (7)

96 (8)

$ 55,000 to $ 64,999

136 (4)

91 (4)

45 (4)

$ 65,000 to $ 74,999

101 (3)

63 (3)

38 (3)

$ 75,000 to $ 99,999

298 (9)

194 (9)

104 (9)

$ 100,000 and over

559 (17)

410 (19)

149 (12)

Missing

264 (8)

160 (7)

104 (9)

Meals not home-prepared (7
days)
0

816 (24)

523 (24)

293 (24)

1-2

1539 (45)

981 (45)

558 (46)

3-5

807 (24)

512 (24)

295 (24)

>5

180 (5)

123 (6)

57 (5)

Missing

49 (2)

28 (1)

21 (2)

0

435 (13)

290 (13)

145 (12)

1-2

1511 (45)

943 (44)

568 (46)

3-5

476 (14)

302 (14)

174 (14)

>5

100 (3)

78 (4)

22 (2)

Missing

869 (26)

554 (26)

315 (26)

Household income

Proximate determinants

Fast food (7 days)

Ready-to-eat foods
(30 days)
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0

2541 (75)

1633 (75)

908 (74)

1-10

723 (21)

453 (21)

270 (22)

11-20

48 (1)

34 (2)

14 (1)

>20

27 (1)

18 (1)

9 (1)

Missing

52 (2)

29 (1)

23 (2)

0

1868 (55)

1176 (54)

692 (57)

1-10

1228 (36)

802 (37)

426 (35)

11-20

143 (4)

94 (4)

49 (4)

>20

92 (3)

58 (3)

34 (3)

Missing

60 (2)

37 (2)

23 (2)

Frozen meals (30 days)

Differences between weight groups
A larger proportion of overweight children (43%) belonged to the oldest age group compared
to normal weight children (37%) and the opposite trend was observed for the youngest age
group. Proportions of children belonging to the middle age group were similar for both weight
groups. Distribution of ethnic groups differed between weight groups, with fewer overweight
children identifying as White or Asian, while a larger proportion of overweight children
identified as Mexican American, Other Hispanic or Black compared to normal weight children.
Concerning household income, a larger proportion of overweight children lived in households
with an annual income between $20,000 and $54,999 compared to normal weight children.
Similar proportions among both weight groups were observed for the other income groups,
apart from the highest income group with an annual household income of $100,00 and over,
which was more common among normal weight children. No major differences regarding
dietary intake behaviour were observed between weight groups.
Comparison of family and household size
The variables family size and household size were similar by definition, however, the numbers
differed when children lived together with persons to whom they were not related by birth,
marriage or adoption. Both family size and household size were included in the descriptive
table and a comparison of the two variables was made to illustrate the differences (see figure
4). While the proportions of children from families and households comprised of three
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members, which was set as the mean size, were equal, households with more than three
members were more common than families of the same size.
Figure 4. Distribution of family size and household size among children aged 2-19 in a U.S.
population based on data from the NHANES 2013-2014. Respondents were grouped into the
categories ‘Mean’ (three-person family or household), ‘Below mean’ (one- or two-person
family or household) and ‘Above mean’ (four-person or more family or household). Results are
displayed as absolute frequencies (n).

Total population
N=3391

3500

Number of respondents

3000
2500
2000

Below mean (1-2)
2679

2736

Mean (3)
Above mean (>3)

1500
1000
500
0

507

508

205

147

Family size

Household size

4.2 Main findings from logistic regression models
Results from bivariate and multiple logistic regression analysis are shown in table 2. The
adjusted analysis showed that the likelihood of overweight increased with age, as children age
6-11 had 62% increased odds (A. OR1 1.62, CI: 1.33 – 1.99) of belonging to the overweight
BMI category and children age 12-19 had 77% increased odds (A. OR1 1.77, CI: 1.45 – 2.16)
compared to children in the youngest age group. Compared to White children, children of
Mexican American, Other Hispanic and Black ethnicity showed increased odds of overweight,
while Asian ethnicity had a protective effect and decreased the odds of overweight by 31% (A.
30

OR1 0.69, CI: 0.50 – 0.95). Household size and household income, which were barely
significant in crude analysis, showed no statistical significance in the adjusted model.
When adjusting for both socio-demographic and proximate determinants, children of Mexican
American or Other Hispanic ethnicity had less increased odds for overweight compared to the
previous model (Mexican American A. OR2 1.72, CI: 1.38 – 2.15; Other Hispanic A. OR2
1.59, CI: 1.20 – 2.11), while Asian ethnicity showed a more protective effect (A. OR2 0.64, CI:
0.46 – 0.89). Black ethnicity, which was barely significant when adjusted for sociodemographic variables only, was not significant with a lower confidence interval level of just
under 1.00 when including proximate determinants in the model. Household size below the
mean of three persons, which showed no statistical significance when adjusted for sociodemographic variables only, was associated with significantly higher odds of overweight (A.
OR2 1.58, CI: 1.06 – 2.35) when including proximate determinants in the model. No
statistically significant associations concerning dietary intake behaviour were observed in the
adjusted model.
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Table 2. Bivariate and multiple logistic regression analysis of socio-economic and proximate
determinants and their association with overweight (BMI ≥ 85th percentile) in children aged 219 in a U.S. population based on data from the NHANES 2013-2014. Odds ratios are presented
with 95% confidence intervals (CI).

Crude OR (95% CI)

A. OR 11 (95% CI)

A. OR 22 (95% CI)

2-5

Ref.

Ref.

Ref.

6-11

1.60 (1.32 – 1.93)

1.62 (1.33 – 1.99)

1.61 (1.32 – 1.98)

12-19

1.71 (1.42 – 2.07)

1.77 (1.45 – 2.16)

1.75 (1.43 – 2.15)

Male

Ref.

Ref.

Ref.

Female

1.05 (0.92 – 1.21)

1.06 (0.92 – 1.23)

1.06 (0.91 – 1.23)

White

Ref.

Ref.

Ref.

Mexican American

1.85 (1.51 – 2.27)

1.78 (1.44 – 2.21)

1.72 (1.38 – 2.15)

Other Hispanic

1.72 (1.33 – 2.22)

1.69 (1.29 – 2.22)

1.59 (1.20 – 2.11)

Black

1.39 (1.14 – 1.70)

1.24 (1.00 – 1.53)

1.23 (1.00*– 1.53)

Asian

0.68 (0.46 – 0.91)

0.69 (0.50 – 0.95)

0.64 (0.46 – 0.89)

Other

1.23 (0.90 – 1.67)

1.26 (0.92 – 1.73)

1.20 (0.86 – 1.65)

Mean (3)

Ref.

Ref.

Ref.

Below mean (1-2)

1.46 (1.00 – 2.12)

1.45 (0.98 – 2.15)

1.58 (1.06 – 2.35)

Above mean (>3)

0.99 (0.82 – 1.21)

0.93 (0.75 – 1.15)

0.94 (0.76 – 1.16)

Mean ($45,000-$64,999)

Ref.

Ref.

Ref.

Below mean (<$45,000)

1.08 (0.86 – 1.36)

1.01 (0.80 – 1.28)

1.02 (0.81 – 1.29)

Above mean (>$64,999)

0.75 (0.59 – 0.97)

0.81 (0.63 – 1.05)

0.82 (0.64 – 1.06)

Variable
Socio-economic
determinants
Age (years)

Gender

Ethnicity

Household size

Household income

Proximate determinants
Meals not home-prepared
(7 days)
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0

Ref.

Ref.

1-2

1.02 (0.85 – 1.21)

1.01 (0.83 – 1.22)

3-5

1.03 (0.84 – 1.26)

0.97 (0.78 – 1.22)

>5

0.83 (0.58 – 1.16)

0.74 (0.50 – 1.08)

Fast food (7 days)3
0

Ref.

1-2

1.21 (0.96 – 1.51)

3-5

1.15 (0.88 – 1.52)

>5

0.56 (0.33 – 0.93)

Ready-to-eat foods
(30 days)
0

Ref.

Ref.

1-10

1.07 (0.90 – 1.27)

1.10 (0.91 – 1.32)

11-20

0.74 (0.38 – 1.36)

0.76 (0.39 – 1.41)

>20

0.90 (0.38 – 1.96)

1.11 (0.41 – 2.81)

0

Ref.

Ref.

1-10

0.90 (0.78 – 1.05)

0.90 (0.76 – 1.07)

11-20

0.89 (0.62 – 1.26)

0.82 (0.55 – 1.19)

>20

1.00 (0.64 – 1.53)

0.88 (0.55 – 1.39)

Frozen meals (30 days)

1

A. OR 1 = Adjusted OR from model 1, including all socio-economic determinants.

2

A. OR 2 = Adjusted OR from model 2, including all socio-economic determinants and three

proximate determinants ‘Number of meals not home-prepared’, ‘Number of ready-to-eat foods’
and ‘Number of frozen meals or pizzas’.
3

The variable ‘Number of meals from fast food or pizza places’ was excluded from adjusted

analysis due to perfect collinearity with the variable ‘Number of meals not home-prepared’.
*0.997, after rounding to two decimals 1.00. Not significant.
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4.3 Multicollinearity and confounding
Multicollinearity was determined calculating the VIF for the adjusted models, which suggested
no correlation between any of the variables (data not shown). When including both ‘Number of
meals not home-prepared’ and ‘Number of meals from fast food or pizza places’ in a multiple
logistic regression model, one category from ‘Number of meals not home-prepared’ did not
show in the output. This was caused by perfect collinearity between both variables, since
‘Number of meals from fast food or pizza places’ by its definition is a dependent variable of
‘Number of meals not home-prepared’. Consequently, ‘Number of meals from fast food or
pizza places’ was excluded from multiple logistic regression analysis.

4.4 Missing value analysis
Socio-economic determinants of participants with missing data for the outcome variable ‘BMI
category’ (N=216), who were excluded from the present study, were compared to the study
population of normal weight and overweight children. Significant differences between
participants with missing BMI data and the study population were observed for all sociodemographic determinants apart from gender. Participants age 2-5 were more likely to have
missing BMI data than older children, and a significantly higher percentage of participants with
missing BMI data identified as White or Asian. Participants from families with mean or below
mean family size were more likely to have missing BMI data than participants from families
with above mean family size. The same association was found for household size. A smaller
proportion of participants with missing BMI data lived in households with below mean
household income compared to participants with complete BMI data. Participants with missing
household income data were more likely to also have missing BMI data compared to
participants with complete household income data.
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Table 3. Comparison of socio-economic determinants of participants with missing BMI data to
the study population of normal weight (BMI 5th to <85th percentile) and overweight (BMI ≥
85th percentile) children age 2-19 in the U.S. based on data from the NHANES 2013-2014.
Results are presented as absolute frequencies (n), with relative frequencies n/N in parentheses.
Due to rounding, column percentages may not add up to 100%. P-values were determined using
Pearson’s Chi-square test.
Variable

Missing BMI data (N=216)

BMI data (N=3,391)

n (n/N)

n (n/N)

Age (years)

p < 0.001**

2-5

81 (38)

820 (24)

6-11

64 (30)

1255 (37)

12-19

71 (33)

1316 (39)

Gender

p = 0.190

Male

100 (46)

1726 (51)

Female

116 (54)

1665 (49)

Ethnicity

p = 0.019*

White

64 (30)

883 (26)

Mexican American

38 (18)

755 (22)

Other Hispanic

15 (7)

350 (10)

Black

50 (23)

872 (26)

Asian

32 (15)

306 (9)

Other

17 (8)

225 (7)

Family size

p = 0.002*

Mean (3)

38 (18)

507 (15)

Below mean (1-2)

25 (12)

205 (6)

Above mean (>3)

153 (71)

2679 (79)

Household size

p = 0.022*

Mean (3)

41 (19)

508 (15)

Below mean (1-2)

16 (7)

147 (4)

Above mean (>3)

159 (74)

2736 (81)

Household income

P-value

p < 0.001**
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Mean ($45,000-$64,999)

19 (9)

384 (11)

Below mean (<$45,000)

100 (46)

1785 (53)

Above mean (>$64,999)

62 (29)

958 (28)

Missing

35 (16)

264 (8)

* Statistical significance at p < 0.05 level.
** Statistical significance at p < 0.001 level.

4.5 Secondary objective analysis
The secondary objective was to determine the association between the proximate determinants
self-perception of weight, weight-related behaviour and weight-loss attempts, and children’s
BMI category among normal weight and overweight children age 8-15, who completed a
questionnaire about weight history specifically designed for youth. 60% of the interviewed
children had a healthy weight, while the other 40% were considered overweight or obese. Most
children considered their weight to be right and only 18% would describe themselves as
overweight. However, 42% reported trying to lose weight. The majority of children had tried
to lose weight in the past. 48% reported occasional weight-loss attempts and 14% having tried
to lose weight a lot, resulting in a combined 62% of children with previous weight-loss
experience, while 38% reported never having attempted weight-loss.
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Table 4. Baseline characteristics of normal weight (BMI 5th to <85th percentile) and overweight
(BMI ≥ 85th percentile) children age 8-15 who completed the questionnaire Weight History for
Youth in a U.S. population based on data from the NHANES 2013-2014. Total population
N=1,414. Results are presented as absolute frequencies n, with relative frequencies (n/N) in
parentheses. Due to rounding, column percentages may not add up to 100%.

Variable

Total

Normal weight

Overweight

(N=1,414)

(N1=845)

(N2=569)

n (n/N)

n (n/N1)

n (n/N2)

Outcome
Normal weight

845 (60)

Overweight

569 (40)

Proximate determinants
Self-perception of weight
Right

1071 (76)

730 (86)

341 (60)

Too thin

89 (6)

82 (10)

7 (1)

Fat or overweight

254 (18)

33 (4)

221 (39)

Lose weight

588 (42)

168 (20)

420 (74)

Gain weight

147 (10)

139 (17)

8 (1)

Stay the same

382 (27)

300 (36)

82 (14)

Nothing

297 (21)

238 (28)

59 (10)

Never

538 (38)

460 (54)

78 (14)

Sometimes

672 (48)

337 (40)

335 (59)

A lot

204 (14)

48 (6)

156 (27)

Weight-related behaviour

Weight-loss attempts
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The differences in self-perception of weight between normal weight and overweight children
age 8-15 are illustrated in Figure 5. While the majority of normal weight children considered
themselves to be a healthy weight (86%), a significantly smaller proportion of overweight
children reported the same (60%). Similarly, fewer of the overweight children considered
themselves to be too thin (1%). The proportion of overweight children among those who
considered themselves fat or overweight (39%) was significantly higher compared to normal
weight children (4%).
Figure 5. Self-perception of weight of normal weight (BMI 5th to <85th percentile) and
overweight (BMI ≥ 85th percentile) children age 8-15 who completed the questionnaire Weight
History for Youth in a U.S. population based on data from the NHANES 2013-2014. Total
population N=1,414, separated by weight status into the subpopulations N1 and N2. Results are
displayed as absolute frequencies (n).
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While most overweight children reported trying to lose weight (74%), the majority of normal
weight children reported trying to stay the same weight (36%) or doing nothing about their
weight (28%). Among the normal weight group, children more commonly reported trying to
lose weight (20%) than to gain weight (17%). Figure 6 shows the comparison of absolute
frequencies concerning weight-related behaviour between normal weight and overweight
children.
Figure 6. Weight-related behaviour of normal weight (BMI 5th to <85th percentile) and
overweight (BMI ≥ 85th percentile) children age 8-15, who completed the questionnaire Weight
History for Youth in a U.S. population based on data from the NHANES 2013-2014. Total
population N=1,414, separated by weight status into the subpopulations N1 and N2. Results are
displayed as absolute frequencies (n).
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When asked how often in the past year they tried to lose weight, most normal weight children
reported ‘never’ (54%) or ‘sometimes’ (40%), while only 6% reported having tried to lose
weight ‘a lot’. Among overweight children, the most common answer was ‘sometimes’ (59%)
followed by ‘a lot’ (27%), while only 14% reported never having tried to lose weight.
Figure 7. Weight-loss attempts of normal weight (BMI 5th to <85th percentile) and overweight
(BMI ≥ 85th percentile) children age 8-15 who completed the questionnaire Weight History for
Youth in a U.S. population based on data from the NHANES 2013-2014. Total population
N=1,414, separated by weight status into the subpopulations N1 and N2. Results are displayed
as absolute frequencies (n).
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5. Discussion
5.1 Summary of key findings
The findings from this study showed that certain socio-economic characteristics were
associated with increased odds of childhood overweight. School children age 6-11 had
significantly increased odds of childhood overweight compared to preschool children age 2-5,
and the odds for the adolescents age 12-19 were even higher. The ethnicity of the participant
also affected the likelihood of overweight, as children of Mexican American, Other Hispanic
and Black ethnicity showed increased odds of overweight, while Asian ethnicity had a
protective effect. Children, who lived alone or in two-person households, were more likely to
be overweight than children from average-sized households of three persons. Furthermore, an
above-average household income decreased the odds of childhood overweight, while the
findings for children from households with below-average household income showed a slightly
increased likelihood of overweight, although the latter association was not statistically
significant.
Analysis of self-perception of weight in relation to actual weight status showed that
misperceptions about weight are common among children. More than half of the children,
whose BMI indicated overweight or obesity, perceived their weight to be healthy. However,
74% of overweight children reported trying to lose weight. At the same time, one in five normal
weight children also reported trying to lose weight. Analysis of frequency of weight-loss
attempts showed that efforts to reduce their own body weight are common among youth,
especially those who are overweight.

5.2 Results in relation to previous research
Findings from a similar study based on data from the NHANES 2011-2012 reported a 32%
prevalence of excess body weight among children age 2-19 (11), which was slightly lower than
the 36% prevalence of overweight and obese children in this study. While the age groups were
comparable, the prevalence of overweight in the present study were determined based on the
total study population from which underweight individuals were excluded, and thus,
overestimated the prevalence of overweight in the general U.S. population.
Similar to previous studies (67,68), the findings suggest that the likelihood of overweight
increases with age, which may be due to children accumulating excess body weight through
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unhealthy eating habits and insufficient physical inactivity as they grow older. However, school
children age 6-11 were observed to already have higher odds of being overweight, which calls
for early interventions and prevention measures to minimise the health impact of overweight
later in life. Findings from a retrospective cohort study in Tromsø, Norway, suggested that
children who were overweight or obese at age 5-7 had increased odds of overweight or obesity
at age 15-17 compared to normal weight or underweight children (68). The authors argued that
preventive efforts concerning overweight should start before the age of five and not only target
children with increased BMI, since child BMI alone as predictor for overweight is inadequate.
Pryor et al. reported that early-onset overweight between the ages six and 12 was associated
with an increased risk for depression and anxiety at age 13 among participants of a longitudinal
study of child development in Quebec, Canada (69). Similarly, BeLue et al. (70) observed a
higher reported occurrence of mental health problems, including depression and difficulties
coping with stress, and behavioural problems among overweight youth aged 12-17 compared
to normal weight peers.
The findings from this study suggest different effects of ethnicity on the likelihood of
overweight during childhood. In accordance with previous studies (71,72), children of Mexican
American, Other Hispanic and Black ethnicity showed increased odds of overweight. Watt et
al. reported significantly higher rates of overweight and obesity among children of Hispanic
and African American ethnicity as observed in the 2007 National Survey of Child Health in the
U.S. (71). They further investigated the role of the parents’ social situation and found lower
rates of social support and fewer socio-economic resources among Hispanic and African
American parents compared to White parents. Although the results do not suggest a distinct
relationship between social support and childhood overweight, they advocate for better support
systems for ethnic minorities and culturally sensitive obesity programs to effectively decrease
the prevalence of overweight and obesity. In the present study, Asian ethnicity was associated
with a protective effect on overweight in children. This stands in contrast to previous studies
(73,74), which reported increased overweight and obesity rates among South Asian children
compared to non-South Asian children of the same age in the U.S. and the United Kingdom.
However, Cook et al. observed variations between different Asian ethnicities among
adolescents in the U.S., with Filipinos, Southeast Asians and Asians of mixed ethnicity having
more than four times higher odds of overweight compared to the reference group of Chinese
adolescents (75). Thus, findings regarding Asian ethnic groups in the U.S. cannot be
generalized without taking additional socio-demographic characteristics into account.
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Living in one- or two-person households was associated with increased odds of overweight in
children. A recent publication, which examined the effect of family size on obesity among
children in the U.S., concluded that children with siblings have a significantly lower BMI, eat
healthier diets and watch less television (76). The authors suggested common meals with the
family, less eating out and increased supervision by parents as potential mechanisms that
explain the protective effect of a larger family size on childhood obesity. Similarly, children
living with single mothers had increased odds of obesity compared to children living with both
parents (77). However, the present study categorised children based on household size and not
household structure, and thus, it is not possible to generalise the findings to single-parent
households, since households with one parent and several children would be included in one of
the other groups. Comparison of family and household size showed more families with one or
two persons than households of the same size, which suggest that the difference between both
numbers (58 individuals) are children living with a single-parent and their new partner or
similar. Such living arrangements are becoming more common and there is only little evidence
for its effects on eating habits and weight gain among children. In contrast to previous studies
(17,18), children living in households with below-mean income did not have an increased
likelihood of overweight or obesity. This may be due to the wide range of the chosen income
categories, since below-mean income was defined as an annual household income of less than
$45,000, and therefore, children from households at the higher end of the income range
potentially counterbalanced the effect of poverty.
Consumption of fast food has been linked to higher total energy intake and poor diet quality in
children (78). No statistically significant association between dietary behaviour and increased
weight was observed in the present study. However, the study only made assumptions of diet
quality based on whether meals were consumed outside of the home, at fast food or pizza places,
or of frozen nature, but not on actual measurements of the food intake. High sugar intake, sugarsweetened beverages and high-fat foods, which are commonly known to be risk factors for
childhood obesity (79–81), and their share of the daily diet were not specifically assessed.
Therefore, the results from this study do not provide conclusive evidence concerning the effect
of frequent fast food consumption and the habit of consuming meals prepared outside the home
on overweight in children. Rather, it shows that diet is a complex construct influenced by many
different aspects, and it is not possible to assess the healthfulness of a diet with only a few
variables and without sufficient nutrition information.
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Previous studies (82) revealed that misperception of weight is common among overweight
children. In accordance with those findings, overweight children were more likely to perceive
themselves as normal weight than overweight in the present study. Their perception of a healthy
weight might be affected by the increasing prevalence of overweight and obese individuals in
the general U.S. population. Recent statistics (45) estimated that two out of three adults in the
U.S. are overweight or obese. Thus, the chances of children having overweight parents are
relatively high, and previous research (22) has shown that overweight in parents is associated
with increased risk of overweight in children. Furthermore, overweight parents more commonly
underestimate their child’s weight (23). However, the majority of overweight children still
aimed to lose weight, indicating the wish for a leaner body. Normal weight children also
reported trying to lose weight, although to a lesser extent than the overweight group. The
driving force behind this behaviour might be an incorrect body image shaped through
comparisons with peers and media, which has been reported to influence the perceptions of
children (26,83).

5.3 Confounding
According to the framework presented earlier, potential confounders included household socioeconomic status, household food insecurity and food program participation. Variables
concerning household socio-economic status in this study were household income and ethnicity
of the child which was presumably, but not necessarily, identical with most household
members. VIF testing for adjusted logistic regression model one, which included all socioeconomic determinants, did not give reason to assume multicollinearity between any variables.
Household food insecurity and food program participation as potential risk factors for
overweight were not analysed in the present study. Previous research (84,85) has shown
increased overweight and obesity rates among children and adults of some populations
associated with food program participation. In a review of 21 studies on food insecurity and
obesity in U.S. children, Eisenmann et al. concluded that food insecurity and obesity have been
shown to co-exist, but evidence of a significant association between both determinants on
population level was lacking (19).

5.4 Strengths and limitations
One of the strengths of the present study is the use of data from a large population-based survey.
The NHANES has a long history that dates back to the early 1960s, when the first studies to
assess the health and nutritional status of children and adults in the U.S. were conducted (66).
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Standardised health examination procedures and questionnaires increase comparability
between data from different NHANES cycles and allow the estimation of trends over several
years. The NHANES study design included oversampling of certain subpopulations, such as
ethnic minorities and older people, to ensure sufficient data and produce reliable statistics. BMI
status was determined based on measurements of weight and height which were obtained during
physical examination and not through self-reporting. Previous studies have shown that selfreported data resulted in underestimates of body weight among adolescents, with a higher
degree of under-reporting among female or overweight individuals (86).
The present study is subject to several limitations. The cross-sectional design only allows to
estimate associations between outcome and predictor variables, but not determine causality of
the observed effects. BMI as a measure for childhood obesity is controversial. Sacher et al (87)
argued that waist-circumference was more appropriate to monitor obesity trends in children,
since it allowed distinction between fat and lean body mass. A positive development,
characterised by muscle growth and reduction of fat mass, might remain undetected when only
using BMI to determine obesity status. In addition, studies of childhood obesity interventions
have shown beneficial effects on health outcomes regardless of BMI or waist circumference
change (88). Hence, more factors need to be considered when assessing overweight and obesity
in children. The variables concerning dietary behaviour relied on self-reported frequencies of
selected meal types and thus, might be subject to reporting bias. Johnson et al. observed
increased prevalence of underreporting of energy intake among women following a behavioural
weight-loss program (89). The questions concerning frequency of certain meals specifically
excluded school breakfasts and lunches, which may have affected the results in a population of
mainly school-age children. The observed mean sizes of participants’ families and households
were not consistent with the selected mean sizes, which were based on 2013 U.S. census data.
This raises the question whether or not the sample was not normally distributed. However, the
mean family and household sizes of the general U.S. population are influenced by the increasing
proportion of single-person households (90), whereas children age 2-19 most likely live with at
least one or both parents in larger households.
5.5 Internal validity
In order to investigate whether participants with missing data for the outcome variable ‘child
BMI category’ who were excluded from the sample differed from the study population, a
missing value analysis was performed.
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5.6 Generalisability
The NHANES was specifically designed to represent the general U.S. population and combined
a nationwide, cross-sectional survey with increased efforts to include participants of all ages,
ethnicities and income levels. However, underweight children were excluded from the sample
of the present study, which limits the generalizability of the results.

5.7 Implications for public health
The results from this study contribute to increasing the knowledge about risk factors associated
with childhood obesity on household level. According to WHO statistics, 41 million children
under the age of five are considered overweight or obese (4), highlighting the need for
prevention measures in early childhood to decrease the adverse health effects of excess body
weight. For children of this young age, the household constitutes the main environment and its
influence on health and behaviour is significant. Research concerning the potential effects of
household characteristics on children’s weight may improve intervention efforts and contribute
to more context-sensitive prevention measures. In that context, misperception of weight and
incorrect body image among youth represent one angle from which the problem of childhood
obesity may be targeted.
Previous studies among subpopulations in the U.S. reported that high religiosity and selfidentification with certain religions was associated with greater odds of being overweight or
obese (91). These studies often addressed only selected ethnic groups or immigrant population,
but research concerning the general U.S. population is lacking. Religious identity may be an
influential factor on both individual and household level, and further research is needed to
determine its impact on risk behaviours for childhood obesity.
In contrast to previous research (92–94), the present study observed no statistically significant
association between fast food consumption and child weight. However, the questionnaire only
determined the frequency of selected unhealthy eating behaviours without collecting
information on diet quality and the proportion of daily energy intake from such meals. Analysis
of more extensive nutrition information is necessary to determine the healthfulness of diet in
relation to individual socio-economic characteristics and weight status. Participants were asked
to report the number of fast food meals in the past week, excluding school breakfasts and
lunches and meals provided by community programs. Participation in food assistance programs
has previously been reported to increase the risk of obesity in children and adults (84,85), which
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highlights the need to include those variables when analysing the contributing factors of
childhood obesity. Research examining the involvement of household factors in children’s
dietary intake patterns should include not only the child but also household members, such as
parents and siblings, to gain a more extensive understanding of the relations.

6. Conclusion
This study revealed a significant association between various socio-economic characteristics
and weight status of the participants, highlighting the importance of tailored prevention efforts
in order to decrease the prevalence of childhood obesity. The findings are supported by previous
studies showing that Mexican American, Other Hispanic and Black ethnicity, and smaller
household size were associated with higher risk of childhood obesity, while a household income
above average had a protective effect. Also in line with previous research, misperception of
body weight and disproportionate associated weight control behaviours were observed to be
common among youth, indicating the need for interventions that improve health knowledge and
weight management skills. The relationship between unhealthy eating habits and weight status
could not be described due to nature of the data. Although no doubts exist concerning the
nutritional value of fast food, the extent to which dietary intake patterns including moderate to
frequent fast food consumption influence childhood obesity remains unclear. Further
assessment of dietary behaviour of children and how it is influenced by the household
environment could contribute to improved childhood obesity intervention programs. Overall,
complementing the knowledge about factors which contribute to excess weight in children is
of vital importance with regard to the increasing global prevalence of childhood obesity.
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8. Annex
8.1 Variables table
Table 5. Overview of variables included in the present study on the relationship between socioeconomic determinants, dietary intake patterns, and self-perception of weight and associated
weight control behaviours, and childhood overweight and obesity in a U.S. population based
on data from the NHANES 2013-2014. Labels include the values from the original data set and
may have been changed during data processing and analysis in the present study. Not all
variables displayed in this table were included in the final analysis, but are shown in the
descriptive table.
Variable

Code

Description

Type

Label

Socio-economic
determinants
Age

RIDAGEYR

Numerical

2-19

Gender

RIAGENDR

Age in years at
screening
Gender of the
participant

Categorical

1=Male
2=Female

Ethnicity

RIDRETH3

Reported race

Categorical

Family size

DMDFMSIZ

Categorical

Household size

DMDHHSIZ

Categorical

1-7

Household
income

INDHHIN2

Total number of
people in the
participant’s family
Total number of
people in the
participant’s
household
Total household
income in the last
calendar year in US
dollars

1=Mexican American
2=Other Hispanic
3=Non-Hispanic White
4=Non-Hispanic Black
6=Non-Hispanic Asian
7=Other
1-7

Categorical

1=$0 - $4,999
2=$5,000 - $9,999
3=$10,000 - $14,999
4=$15,000 - $19,999
5=$20,000 - $24,999
6=$25,000 - $34,999
7=$35,000 - $44,999
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8=$45,000 - $54,999
9=$55,000 - $64,999
10=$65,000 - $74,999
12=$20,000 and Over
13=Under $20,000
14=$75,000 - $99,999
15=$100,000 and Over
77=Refused
99=Don’t know
Proximate
determinants
Number of
meals not home
prepared

DBD895

Number of
meals from fast
food or pizza
places

DBD900

Number of
ready-to-eat
foods

DBD905

Number of
frozen meals or
pizza

DBD910

Self-perception
of weight

WHQ030M

Weight-related
behaviour

WHQ500

How many meals
(breakfast, lunch and
dinner) in the past 7
days were prepared
away from home in
places such as
restaurants, fast food
places, food stands,
grocery stores, or from
vending machines?
How many of those
meals (see above)
were from a fast food
or pizza place?

Categorical

0-21
5555=More than 21
7777=Refused
9999=Don’t know

Categorical

0-21
5555=More than 21
7777=Refused
9999=Don’t know

During the past 30
days, how often did
you eat ready-to-eat
foods from the grocery
store? Not including
frozen foods.
During the past 30
days, how often did
you eat frozen meals
or frozen pizzas?
Children aged 8-15;
How do you consider
your weight?

Categorical

0-180
7777=Refused
9999=Don’t know

Categorical

0-180
7777=Refused
9999=Don’t know

Categorical

Children aged 8-15;
What are you trying to
do about your weight?

Categorical

1=Fat or overweight
2=Too thin
3=Right
9=Don’t know
1=Lose weight
2=Gain weight
3=Stay the same weight
4=Nothing
7=Refused
9=Don’t know
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Number of
weight-loss
attempts
Outcome
BMI

WHQ520

Children aged 8-15; In
the past year, how
often have you tried to
lose weight?

Categorical

1=Never
2=Sometimes
3=A lot

BMDBMIC

BMI category for
children and
adolescents

Categorical

1=Underweight
2=Normal
3=Overweight
4=Obese
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