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Abstract
Objective—It has been shown that girls from families in which mothers and fathers had high dietary
intake and low physical activity (i.e., obesigenic families) were at increased risk of obesity from ages
5 to 7 years. This follow-up study uses additional data collected when girls were 9 and 11 years old
to examine whether girls from obesigenic families continued to show greater increases in BMI over
time and reported unhealthy dietary and activity patterns.

Research Methods and Procedures—Families from the original cohort were reexamined when
girls were 9 and 11 years of age. Parents' and girls' BMI, dietary intake, and physical activity and
girls' percentage body fat and television viewing were assessed.

Results—In comparison with girls from non-obesigenic families, girls from obesigenic families
showed greater increases in BMI and BMI z score from ages 5 to 7 years that were maintained across
ages 7 to 11 years. Furthermore, girls from obesigenic families had higher percentage body fat at
ages 9 and 11 years. These results were independent of parents' BMI. Additional findings showed
that girls from obesigenic families had diets higher in percentage fat and had higher levels of
television viewing than girls from non-obesigenic families.

Discussion—The environment that parents create, by way of their own dietary and physical activity
behaviors, may have a lasting negative effect on children's weight trajectories and their emerging
obesity risk behaviors, such as their dietary patterns. These findings further highlight the importance
of the family in establishing children's obesity risk and the necessity of targeting parents of young
children in obesity prevention efforts.
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Introduction
Obesity has multiple genetic and environmental determinants and is the result of a chronic
energy imbalance, with energy intake exceeding expenditure. Parents provide children with
both genes and environments, so it is not surprising that there are strong family resemblances
in adiposity (1). For a child, the most powerful risk factor for becoming obese is having
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overweight parents (2). Behavior genetic analyses reveal substantial genetic influence on
adiposity (3). Other evidence points to the importance of environmental or behavioral factors,
including the percentage of energy from fat in the diet and physical activity, in explaining
variability in adiposity or weight status (4). Although there has been much discussion and
speculation regarding the specific environmental factors that promote obesity, the evidence
base regarding environmental influences on obesity is still very limited.

The dramatic secular increases in the prevalence of obesity in both adults and children provide
strong evidence that environmental changes play a powerful role in the development of obesity
through effects on eating and activity patterns (5). For children, the family environment plays
a central role in shaping their eating and activity patterns (6-14). Parents' eating and activity
patterns are essential components of family environments; parents serve as role models for
children's eating and physical activity and influence children's access to food and opportunities
for physical activity. A clear description of how the family environment influences the
development of obesity among children will inform the development of effective prevention
and treatment programs for childhood obesity.

In previous studies, based on a longitudinal sample of girls and their parents, we have shown
that parents' obesity-related behaviors, including their dietary intake and physical activity
behaviors, aggregate within and across family members. Specifically, mothers and fathers who
show poor dietary patterns also report low levels of physical activity (15). In addition, mothers
and fathers showed similarities in their obesity-related behaviors, suggesting that children are
often exposed to two parents modeling either healthy or unhealthy dietary and activity
behaviors (15). Building on this information, we examined whether distinctive family groups
could be identified using only information on mothers' and fathers' dietary and physical activity
behaviors (4). Using data from the first time-point in the longitudinal study, when girls were
5 years old, two distinctive family clusters emerged, which were labeled obesigenic and non-
obesigenic families. Mothers and fathers from obesigenic families reported significantly higher
levels of total energy and dietary fat intake and significantly lower levels of physical activity
than mothers and fathers from non-obesigenic families. More importantly, although girls from
the obesigenic and non-obesigenic families did not differ in their BMI and their skinfold
thickness at age 5, girls from obesigenic families showed greater increases in BMI and skinfold
thickness between ages 5 and 7. As a consequence, they were significantly more overweight
at age 7 than girls from non-obesigenic families. These findings were noteworthy because they
tested and confirmed the idea that parents create environments by way of their own behaviors
that can promote, or protect their children from, accelerated weight gain.

Additional data from when girls in this sample were 9 and 11 years old are now available, thus
comprising four waves of assessment at 2-year intervals for girls, mothers, and fathers (i.e.,
when girls were 5, 7, 9, and 11 years old). Using these additional waves of data, this study
builds on the findings of Davison and Birch (4) in a number of important ways. First, differences
in parents' dietary intake and physical activity patterns for the obesigenic and non-obesigenic
families that were reported in Davison and Birch (4) will be re-examined at Times 2 to 4 (when
girls were 7, 9, and 11 years) to determine whether parents maintained the distinctive eating
and activity patterns identified at the initiation of the study. Second, differences in girls' weight
status trajectories from ages 5 to 11 years will be examined for the two family clusters to
determine whether girls from obesigenic families continued to show more rapid increases in
BMI and body fat relative to girls from non-obesigenic families. Finally, differences in girls'
dietary intake and physical activity behaviors, and patterns of change in these behaviors, will
be examined. Information on girls' behavioral patterns was not presented in the original paper.
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Research Methods and Procedures
Participants

Families were from central Pennsylvania and were part of a longitudinal study of the health
and development of young girls. Eligibility criteria for girls' participation at the time of
recruitment included living with both biological parents, the absence of severe food allergies
or chronic medical problems affecting food intake, and the absence of dietary restrictions
involving animal products; families were not recruited based on weight status or concerns about
weight. Families were recruited for participation in the study using flyers and newspaper
advertisements. In addition, families with age-eligible female children within a five-county
radius received mailings and follow-up phone calls (Metro-mail Inc., Lombard, IL).

At entry into the study, participants included 197 5-year-old girls (mean age 5.4 ± 0.4) and
their parents, of whom 192 families were reassessed 2 years later when girls were 7 years old
(mean age 7.3 ± 0.3). A third assessment with 183 families was conducted 2 years later when
girls were 9 years old (mean age 9.3 ± 0.3), followed by a fourth assessment with 177 families
when girls were age 11 (mean age 11.3 ± 0.3). Therefore, 92% of the original sample was
retained over the four measurement occasions. No significant differences in girls', mothers', or
fathers' BMI at baseline (i.e., when girls were 5) were noted for families who participated at
all times of assessment in comparison with families who dropped out of the study before girls
were 11 years old. The Pennsylvania State University Institutional Review Board approved all
study procedures, and parents provided consent for their family's participation before the study
began.

Measures
Table 1 outlines the measures collected at each time of assessment and highlights the measures
that were included in Davison and Birch (4) and the measures that are unique to this study. A
general explanation of each measure for parents and girls is provided below.

Parents' and Girls' BMI—At each time of assessment, girls' and parents' height and weight
were measured in triplicate, and the average height and weight were used to calculate their
BMI [weight (kilograms)/height (meters squared)]. Girls' age- and sex-specific BMI z scores
were calculated using the Centers for Disease Control 2000 growth charts (16). BMI percentiles
were similarly calculated and used to classify girls at risk of overweight (≥85th and <95th BMI
percentile) and overweight (≥95th BMI percentile). In this study, girls who were at risk of over-
weight and who were overweight were examined as a single group (i.e., BMI percentile ≥ 85).
To simplify the presentation and discussion of results, this group is referred to collectively as
overweight. Parents were classified as over-weight or obese using well-established BMI cut-
offs of 25 and 30 kg/m2, respectively (17).

Girls' Percentage Body Fat—Girls' percentage of body fat was determined by DXA. A
trained technician obtained measurements while children were in a supine position, wearing a
paper gown and no shoes. Whole-body scans were taken using the Hologic QDR 4500W (S/
N 47261) in the array scan mode and were analyzed using whole-body software, QDR4500
Whole Body Analysis. All scans were conducted at the Pennsylvania State University's General
Clinical Research Center.

Parents' Dietary Patterns—Parents' dietary intake measures included total energy intake
adjusted for body weight [using criteria outlined by Allison et al. (18)], percentage of energy
intake from fat, and dietary disinhibition, or eating in an out-of-control manner in the absence
of hunger. Total energy intake and percentage fat intake were assessed using a food frequency
questionnaire developed by Kristal et al. (19). Mothers' and fathers' energy intakes were
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adjusted for body weight by regressing weight in kilograms onto energy intake and saving the
residuals; the residuals were used in all analyses (18). Parents' dietary disinhibition was
assessed using the disinhibition subscales (including internal and external disinhibition) of the
Dutch Eating Behavior Questionnaire (20). The internal consistency coefficient for the
combined disinhibition subscale in this study at Time 1 was α = 0.95 for mothers and α = 0.93
for fathers.

Parents' Activity Patterns—Several measures of parents' physical activity were collected
at each time of assessment, including parents' sport participation, weekly exercise frequency,
enjoyment of activity, inclination to be active, and energy expenditure for their five most
frequent activities. Parents' sport participation was assessed using an activity checklist
developed in our laboratory, which included a list of 22 sports (e.g., aerobics, golf, hiking,
swimming, and tennis). Parents were asked to indicate how frequently they participated in each
sport (from 1, never to 5, always), and a total frequency score (ranging from 22 to 110) was
derived by summing across each of the sports. Parents' weekly exercise frequency was assessed
using the following question: “How many days a week do you exercise?” To assess enjoyment
of physical activity, parents were asked to indicate how well the statement “I exercise for fun”
described them using a three-point response option (1, does not describe me; 2, sort of describes
me; 3, really describes me).

Parents' inclination to be active was measured using a revised version of the Children's Physical
Activity scale. The Children's Physical Activity scale was developed by Tucker (1997) (21) as
a measure of children's physical activity and participation in sedentary activities, such as
television (TV)1 viewing. Slight wording changes were made to make the scale appropriate
for use with adults. This measure showed good internal consistency in this study, with α ranging
between 0.82 and 0.87 for mothers and fathers across measurement occasions. Parents' energy
expenditure for their top five activities was calculated by asking parents to list their top five
physical activities (including exercise, sports, and leisure activities involving physical activity)
and for each activity to indicate whether the activity was moderate or vigorous, how long on
average they typically did the activity, and how many days of the week they did the activity.
An activity score, as outlined by Booth et al. (22), was created for each activity using the
following formula: activity score (kilocalories per day) = intensity of activity (metabolic
equivalent score) × duration of activity (hours) × frequency (days per week). Metabolic
equivalent values were obtained from the Compendium of Physical Activities (23). The activity
scores were then summed across the five activities.

Girls' Dietary Patterns—Girls' total daily energy intake and percentage of energy intake
from fat were measured using three 24-hour recalls. Recalls were conducted with mothers and
their daughters by trained staff at the Pennsylvania State University's Diet Assessment Center.
Randomly selected days (two weekdays and 1 weekend day) were used to collect dietary data
over a 2-week period during the summer and fall months.

Girls' Activity Patterns—Girls' fitness level (aerobic capacity) was assessed using the
Progressive Aerobic Cardiovascular Endurance Run test developed by Leger and Lambert
(24). The reliability and validity of the Progressive Aerobic Cardiovascular Endurance Run
has been previously illustrated (25,26). Girls' inactivity was measured from mothers' reports
of girls' TV viewing habits. Mothers were asked to report the number of hours girls watched
TV on an average weekday and weekend day. The reports were used to derive girls' average
daily hours of TV viewing [(5 × weekday hours + 2 × weekend hours)/7 days].

1Nonstandard abbreviations: TV, television; ANCOVA, analysis of covariance.
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Statistical Analyses
Data were analyzed using SAS version 8.2 (SAS Institute, Inc., Cary, NC). Significance for
all relationships was determined at a level of p < 0.05.

Identification of the Original Family Clusters—The original family clusters (or family
groups) identified in Davison and Birch (4) were used as the basis of this study. A detailed
description of the analyses used to identify the clusters is provided in the original paper. In
summary, using the measures of parents' dietary intake and physical activity at Time 1, cluster
analysis was used to identify groups of parents who showed similarity in their dietary and
activity patterns. Grouping took place at the level of the family. Two family clusters were
identified. These two groups displayed distinctive and contrary patterns of dietary and activity-
related behavior and were given the labels of obesigenic and non-obesigenic. In the original
paper, families in the obesigenic cluster reported significantly lower incomes than families in
the non-obesigenic families. Thus, all analyses that follow were adjusted for income at study
entry.

Attrition and Missing Data—The obesigenic and non-obesigenic family clusters were
originally created using data from 192 of the 197 families at study entry (five families did not
have sufficient data to be included or had outlying or unrealistic values) (4). At study entry,
94 families were classified as obesigenic and 98 families as non-obesigenic. The sample sizes
for the obesigenic and non-obesigenic groups at each time of assessment were, respectively,
93 and 95 at Time 2 (age 7), 89 and 90 at Time 3 (age 9), and 89 and 84 at Time 4 (age 11).
As previously mentioned, there were no differences in girls', mothers', or fathers' BMI for
families who dropped out of the study before Time 4 and families who participated at all phases.
The use of multilevel modeling for analyses assessing girls' growth, dietary, and physical
activity trajectories (see below) enabled the use of all available data. That is, families with
incomplete data were not dropped from the analyses.

Parents' Dietary and Physical Activity Patterns at Each Time of Assessment—
Differences in parents' dietary intake and physical activity patterns at each time of assessment
for the obesigenic and non-obesigenic families were examined to determine whether the groups
remained distinctive over time. To this end, analyses were performed within time. Differences
in selected dietary and physical activity variables (total energy intake, percentage of energy
from fat, and weekly exercise frequency) for parents from obesigenic vs. non-obesigenic
families were assessed at each time of assessment using analysis of covariance (ANCOVA)
(see Tables 2 and 3). Group differences were not assessed for all dietary and activity variables
due to the large number of variables measured. However, similar to Davison and Birch (4), a
single dietary intake and physical activity score was created at each time of assessment using
principal component analysis, which specified a single component. Differences in the mothers'
and fathers' dietary intake and physical activity components at each time of assessment for the
obesigenic vs. non-obesigenic families were assessed using ANCOVA (see Figure 1).

Changes in Girls' BMI, Body Fat, Dietary Intake, and Physical Activity Patterns
over Time—Initial analyses, using ANCOVA, examined family differences in girls' BMI and
BMI z scores at each age. Differences in girls' BMI z score were assessed in addition to girls'
BMI, the key outcome variable in the original study, to examine differences in girls' weight
status independent of expected developmental changes in BMI. A mixed modeling approach
(PROC MIXED using SAS) was used to perform the primary analyses of interest. Specifically,
mixed modeling was used to assess patterns of change in BMI, BMI z scores, percentage body
fat, energy intake, percentage of energy from fat, TV viewing, and fitness for girls from
obesigenic vs. non-obesigenic families with children from ages 5 to 11 years (see Table 4 and
Figure 2). Mixed modeling is a useful tool for analyzing repeated measures over time, and a
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major advantage is its ability to retain cases with one or more missing data points (27). For
each outcome, differences in the average value over time and change over time were assessed
for the two groups. For the purposes of this study, only the main effect of family membership
and the interaction between family membership and time were of interest. A significant family
membership effect indicates that, on average, girls in one family group had higher scores on
the outcome variable over time than girls in the opposing family group. A significant interaction
effect provides evidence for a differential pattern of change (or rate of growth) for girls from
obesigenic and non-obesigenic families. Davison and Birch (4) found that parents in obesigenic
families had significantly higher BMI scores than parents in non-obesigenic families when
girls were 5 years old. Thus, mixed models were separately adjusted for mothers' and fathers'
BMI.

Results
Background Characteristics

On average, parents were in their mid 30s at the time of recruitment (mothers, 35.4 ± 4.8 years;
fathers, 37.4 ± 5.4), when girls were age 5. Ninety-seven percent of fathers and 63% of mothers
were employed when girls were 5. Fathers reported working an average of 45 hours a week,
and mothers, an average of 18 hours a week. Approximately equal numbers of families reported
incomes in the following ranges: $20,000 to $35,000, $35,000 to $50,000, and above $50,000
when girls were 5. At age 11, 62% of the families reported an income greater than $50,000.
Parents were well-educated, with mothers reporting a mean of 15 ± 2 years (range, 12 to 20)
of education and fathers reporting a mean of 15 ± 3 years (range, 12 to 20). In terms of parents'
weight status, 52% of mothers and 73% of fathers were overweight at Time 1 and 55% and
79% respectively were overweight at Time 2. These figures increased to 60% and 82% at Time
3 and 58% and 87% at Time 4. Among girls, 18% (age 5), 20% (age 7), 30% (age 9), and 28%
(age 11) had a BMI percentile ≥ 85.

Parents' Dietary Intake, Physical Activity, and BMI at Each Time of Assessment: Differences
for Obesigenic and Non-obesigenic Families

Many of the differences in activity and dietary intake patterns for mothers and fathers from
obesigenic and non-obesigenic families that were previously noted at baseline (4) persisted
over the 6-year period from Times 1 to 4. In comparison with mothers from non-obesigenic
families, mothers from obesigenic families reported significantly higher total energy intake
and percentage fat intake and significantly lower weekly exercise frequency at all times of
assessment; the only exception was differences in energy intake at Time 3, which was a trend
(see Table 2). Similarly, in comparison with fathers from non-obesigenic families, fathers from
obesigenic families reported significantly higher percentage fat intake and significantly lower
weekly exercise frequency at all times of assessment; the one exception was differences in
fathers' percentage fat intake at Time 3, which approached significance (see Table 3). Group
differences in fathers' total energy intake did not persist beyond Time 1.

To examine whether overall dietary and physical activity patterns differed for the family
groups, differences in the summary dietary intake and physical activity scores were also
assessed (see Figure 1). Although differences in the summary scores for obesigenic and non-
obesigenic families appeared to decrease over time, many of the group differences identified
when girls were 5 years old remained statistically significant when girls were 7, 9, and 11 years
old (Times 2 to 4). Mothers in obesigenic families had significantly higher intake component
scores and significantly lower activity component scores than mothers in non-obesigenic
families at all times of assessment; the only exception was differences between mothers'
activity scores at Time 4, which fell short of significance (p < 0.10). Differences in fathers'
intake component scores did not persist over time. That is, significant differences were noted
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at Time 2, but not at Times 3 and 4. Regarding fathers' activity component scores, however,
compared with fathers in non-obesigenic families, fathers in obesigenic families had
significantly higher activity scores at all time-points.

In the original study, mothers from obesigenic families had significantly higher BMI values
when girls were 5 and 7 years old. Differences for fathers' BMI were only significant when
girls were 7 years old. In the follow-up analyses, differences in mothers', but not fathers', BMI
were maintained over time. Mothers from obesigenic families had significantly higher BMI
values than mothers in the non-obesigenic group when girls were 9 and 11 years old (Table 2).
Fathers from obesigenic families had marginally higher BMI values when girls were 9 years
old; differences at age 11 did not approach significance (Table 3). Both family groups had a
substantial proportion of members who were either overweight or obese. Specifically, over
time, between 62% and 67% of mothers from obesigenic families and 43% and 53% of mothers
from non-obesigenic families had BMI ≥ 25. Similar figures for fathers were 73% to 90% for
non-obesigenic families and 73% to 83% for obesigenic families. Although both groups
appeared to be gaining weight over time, there were no significant differences between
obesigenic and non-obesigenic families in BMI change between baseline and Time 4 for
mothers (1.5 ± 2.2 vs. 1.3 ± 2.7 kg/m2; F = 0.03, p > 0.05) or fathers (1.1 ± 2.0 vs. 1.1 ± 1.9
kg/m2; F = 0.01, p = 0.82).

Changes in Girls' BMI, Body Fat, Dietary Intake, and Physical Activity over Time: Differences
between Obesigenic and Non-obesigenic Families

Data illustrating differences in measures of body composition, dietary intake, and physical
activity across Times 1 to 4 for girls from obesigenic and non-obesigenic families are presented
in Table 4. Previously, no family group differences in girls' BMI were noted when girls were
5 years old, but by age 7, girls from obesigenic families had significantly higher BMI values
than girls from non-obesigenic families (4). In this study, differences evidenced at age 7 were
also present at ages 9 (F = 6.5, p ≤ 0.05) and 11 (F = 7.6, p < 0.01) years; girls from obesigenic
families had significantly higher BMI values than girls from non-obesigenic families.
Similarly, no differences in girls' BMI z score were identified at age 5 (F = 0.98, p = 0.32).
However, girls from obesigenic families had significantly higher BMI z scores at ages 7 (F =
5.3, p < 0.05), 9 (F = 6.2, p < 0.05), and 11 (F = 9.2, p < 0.05) than girls from non-obesigenic
families.

Results from the mixed-model analyses revealed a significant interaction between family
membership and time for girls' BMI (F = 5.8, p < 0.05) and BMI z score (F = 7.7, p < 0.01)
with more rapid increases in each measure noted for girls from obesigenic families. These
results remained significant after controlling for mothers' and fathers' BMI. The pattern of
change in girls' BMI z score for each family group is illustrated in Figure 2. To examine whether
the interaction between family membership and time was consistent over time or limited to
particular time periods, differences in BMI z score change between consecutive time periods
for girls from each family group were assessed using ANCOVA. Results showed that girls
from obesigenic families exhibited significantly greater increases in BMI z score between ages
5 and 7 years (F = 7.2, p < 0.01) but not between ages 7 and 9 (F = 0.2, p = 0.62) or between
ages 9 and 11 years (F = 0.2, p = 0.63). Differences in girls' percentage body fat over time were
also examined. Results from the mixed model identified a significant family membership effect
for girls' percentage body fat from ages 9 to 11 indicating that, on average, girls in obesigenic
families had significantly higher levels of body fat over time (27.9%) than girls from non-
obesigenic families (25.9%). The results for body fat were unaffected after controlling for
fathers' BMI but were reduced to a trend after controlling for mothers' BMI (p < 0.10).

With respect to differences in dietary and physical activity patterns, a significant family
membership effect was noted for girls' percent of energy intake from fat (F = 5.8, p < 0.05);
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girls in obesigenic families had a significantly higher percentage fat intake over time, compared
with girls in non-obesigenic families (32.1% vs. 30.8%). These results were unaffected after
controlling for mothers' and fathers' BMI. No significant differences emerged between
obesigenic and non-obesigenic families for girls' total energy intake (1721.9 vs. 1705.5 kcal).
A family membership effect was noted for girls' TV viewing (F = 4.5, p < 0.05), indicating
that girls in obesigenic families watched more TV, on average, than girls in non-obesigenic
families (1.9 vs. 1.8 hours). A significant interaction effect was also noted for girls' TV viewing
(F = 4.4, p < 0.05); girls' increase in TV viewing from age 7 to 11 was significantly higher in
girls in non-obesigenic families, compared with girls in obesigenic families. These differences
remained significant after controlling for mothers' and fathers' BMI. For girls' fitness, neither
the main effect of family membership nor the interaction between family membership and time
were significant.

Discussion
Building on our previous work that showed that parents' eating and activity behaviors clustered
within families to create obesigenic vs. non-obesigenic family environments (4,15), results
from this study illustrate that these early family environments can have long-term effects on
children's weight status and their dietary and activity patterns. Specifically, using the non-
obesigenic and obesigenic family clusters identified in Davison and Birch (4), this study found
that in comparison with girls from non-obesigenic families, girls from obesigenic families
showed greater increases in BMI and BMI z score from ages 5 to 7 years that were maintained
from ages 7 to 11 years. In addition, girls from obesigenic families had a higher percentage of
body fat and had diets higher in fat. Results from this study in combination with our previous
work confirm the necessity of focusing obesity prevention efforts on families and the
importance of intervening before children enter school.

As reported in Davison and Birch (4), parents from obesigenic families had higher dietary
intake scores and lower physical activity scores than parents from non-obesigenic families at
the onset of the study when their daughters were 5 years old. This finding was a natural result
of the cluster analysis that used information about dietary and activity behaviors to create
distinctive family groups. The current study examined whether parents from each group
maintained their distinctive behavioral patterns when girls were 7, 9, and 11 years old. With
few exceptions, results indicated that the groups remained distinct over time, with parents from
obesigenic families reporting less healthy dietary and physical activity patterns than parents
from non-obesigenic families. As illustrated in Figure 1, however, group differences in parents'
behaviors were less noteworthy over time. Given that parents from both groups gained weight
over time and that a substantial proportion of parents from both groups were overweight, it
appears that the non-obesigenic group adopted more obesity-promoting behaviors over time
rather than obesigenic families adopting healthier lifestyles. Although the group differences in
parents' behaviors were less apparent over time, results from this study suggest that early
exposure to an obesity-promoting family environment can have long-lasting negative effects
on children's BMI trajectories.

Accelerated increases in girls' BMI and BMI z score that were previously noted from ages 5
to 7 years among girls from obesigenic families were maintained, but not exacerbated, from
ages 7 to 11 years. This pattern is noteworthy given that there were no differences in girls' BMI
when they were 5 years old (4) and that their parents' dietary and physical activity behaviors
became more similar over time. Differences in BMI trajectories for girls from each family
group can be explained by both genetic and environmental factors. Girls from obesigenic
families had parents who were more overweight and who adopted less healthy eating and
activity behaviors. Thus, not only did their parents create an obesity-promoting family
environment, they may also have passed on a genetic propensity to gain weight, providing a
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clear example of a gene-environment correlation (28). Separating genetic and environmental
contributions in this situation is virtually impossible. However, when analyses controlled for
parents' BMI, the general pattern of findings did not differ, indicating that the role of the family
environment in children's obesity risk should not be underplayed or assumed to simply reflect
genetic similarity.

Living in an obesity-promoting environment negatively affected girls' emerging dietary and
activity behaviors. Girls from obesigenic families consumed a higher percentage of their energy
intake from fat over time and reported higher levels of TV viewing. Surprisingly, girls from
non-obesigenic families showed greater increases in TV viewing from ages 9 to 11 years than
girls from obesigenic families. Given that the divergence in girls' BMI trajectories occurred
between ages 5 and 7, it is possible that early years of TV viewing (similar to the early family
environment) have long-lasting effects on children's obesity risk.

The primary strength of this study is its longitudinal design with data being collected on
mothers, fathers, and daughters at four occasions over a 6-year period. Furthermore, a gold
standard measure of body composition (i.e., DXA) and multiple measures of dietary intake and
physical activity for girls and their parents were obtained. The key limitation of this study is
the inability to generalize results beyond white, middle-income families. Additional work
among families from different ethnic and educational backgrounds is needed to determine the
applicability of the findings from this study to other family groups. In addition, findings from
this study only pertain to girls. Although results are likely to be similar to boys, additional work
is needed to confirm this possibility. Although measures were collected for girls and their
parents, methods of assessment often differed for girls and their parents with less rigorous
methods adopted for parents. On a related note, measures of girls' dietary intake were more
rigorous than those for physical activity. Future work could expand on these findings using
similar methods of assessment for all family members and by including objective measures of
physical activity.

In conclusion, previous research from our laboratories highlights the influential role that
parents' behaviors and parenting styles play in shaping children's obesity-related behaviors,
including their dietary intake (6,7,14), physical activity (11,12), and TV viewing (13). Findings
from Davison and Birch (4) and the current study corroborate and extend this body of research
by showing that mothers' and fathers' eating and activity behaviors (and likely their parenting
styles) cluster within families and that living in an environment in which mothers and fathers
exhibit unhealthy dietary and physical activity patterns can have a negative effect on children's
BMI trajectories and their obesity risk behaviors such as their dietary patterns. These findings
clearly highlight the necessity of focusing obesity prevention efforts on parents and children
and beginning such programs when children are young and their dietary and activity patterns
are still being established.
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Figure 1.
Physical activity and dietary intake component scores for mothers and fathers from obesigenic
and non-obesigenic families at Times 2 to 4. * Means are significantly different (p < 0.05)
across the family clusters.
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Figure 2.
Mean BMI z score (SE) at each age for girls from obesigenic and non-obesigenic families. BMI
z score trajectories were significantly different for girls from obesigenic vs. non-obesigenic
families.
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Table 1
Measures of girls', mothers', and fathers' weight status, dietary intake, and physical activity obtained at each time of
assessment

Time 1 (age 5) Time 2 (age 7) Time 3 (age 9) Time 4 (age 11)

MOTHERS AND FATHERS
    Weight status BMI BMI BMI BMI
    Activity patterns Sport

participation
Sport participation Sport participation Energy

expenditure from
top five activities

Enjoyment of
physical activity

Enjoyment of physical
activity

Enjoyment of physical
activity

Weekly exercise
freq.

Weekly exercise freq. Weekly exercise freq.

Inclination to be active Inclination to be
active

    Dietary patterns Energy intake Energy intake Energy intake Energy intake
Percentage of
intake as fat

Percentage of intake as fat Percentage of intake as fat Percentage of
intake as fat

Disinhibited
eating

GIRLS
    Weight status BMI BMI BMI BMI

Percentage body fat
(DXA)

Percentage body
fat (DXA)

    Activity patterns TV viewing TV viewing TV viewing
Fitness Fitness

    Dietary patterns Energy intake Energy intake Energy intake Energy intake
Percentage of
intake as fat

Percentage of intake as fat Percentage of intake as fat Percentage of
intake as fat

Bolded items indicate measures included in the original paper (4).
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Table 2
Mean dietary intake and physical activity scores for mothers from obesigenic and non-obesigenic families: group
differences at each time of assessment

Variable Time Obesigenic Non-obesigenic p

MOTHERS
    Total energy intake (kcal) 1 1971.8 (78.4) 1633.3 (55.6) <0.001

2 1909.4 (81.5) 1588.3 (58.8) <0.001
3 1777.3 (72.3) 1615.4 (57.0) <0.10
4 1833.4 (73.2) 1608.6 (60.1) <0.05

    Fat in diet (%) 1 39.6 (0.6) 31.7 (0.7) <0.001
2 38.4 (0.7) 33.6 (0.7) <0.001
3 40.2 (0.7) 35.4 (0.7) <0.001
4 40.6 (0.6) 37.0 (0.8) <0.001

    Weekly exercise frequency 1 2.4 (0.2) 3.5 (0.2) <0.001
2 2.2 (0.2) 3.3 (0.2) <0.001
3 2.1 (0.2) 3.2 (0.2) <0.001
4 No data No data

    BMI 1 27.7 (0.7) 25.1 (0.5) <0.01
2 28.1 (0.7) 25.5 (0.5) <0.01
3 28.7 (0.7) 26.1 (0.5) <0.01
4 29.2 (0.8) 26.1 (0.5) <0.01

Obesigenic families, N = 94; non-obesigenic families, N = 98 (at study entry). Bolded items indicate data presented in the original paper (4).
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Table 3
Mean (SE) dietary intake and physical activity scores for fathers from obesigenic and non-obesigenic families: group
differences at each time of assessment

Variable Time Obesigenic Non-obesigenic p

FATHERS
    Total energy intake (kcal) 1 2412.0 (79.0) 1860.7 (63.4) <0.001

2 2146.7 (82.1) 1957.4 (79.9) NS
3 2024.5 (76.4) 2047.5 (79.9) NS
4 1983.0 (85.5) 2021.9 (79.8) NS

    Fat in diet (%) 1 38.7 (0.6) 32.9 (0.7) <0.001
2 39.4 (0.6) 35.3 (0.6) <0.001
3 38.0 (0.6) 36.1 (0.6) <0.10
4 39.5 (0.6) 37.1 (0.8) <0.05

    Weekly exercise frequency 1 1.9 (0.2) 3.7 (0.2) <0.001
2 2.2 (0.2) 3.4 (0.2) <0.001
3 2.0 (0.2) 3.4 (0.2) <0.001
4 No data No data

    BMI 1 28.6 (0.5) 27.5 (0.4) NS
2 29.1 (0.5) 27.8 (0.4) <0.05
3 29.5 (0.5) 28.3 (0.4) <0.10
4 29.7 (0.5) 28.6 (0.4) NS

Obesigenic families, N = 94; non-obesigenic families, N = 98 (at study entry). Bolded items indicate data presented in the original paper (4). NS, not
significant.
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