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Abstract
WHITNEY ROBINSON: Under the same roof: Understanding the genderrdisjpa
obesity prevalence in U.S. Black young adults
(Under the direction of June Stevens)
Background: In the United States, Black women are at much greater risk for obesity than
Black men. Little is known about the factors underlying this dispadibyectives: We
explored whether, in U.S. Black young adults, childhood sociodemographic factorsgparent
education, single-mother household, number of siblings, number of minors in household,
birth order, and female caregiver’s age) and adolescent behaviors (famiys] hours of
television, playing sports with mother, playing sports with father, bouts siqaiactivity)
were associated with gender disparities in obellgthods: Analysis datasets were
constructed from the nationally representative National Longitudinal Studgtalégcent
Health. The datasets included non-immigrant Black and White youths aged 11 to 1ifi years
1994-95. Childhood sociodemographic factors (n=7,747) were assessed in 1994-95.
Adolescent behaviors (n=5,955) were assessed in 1994-95 and 1995-96. Obesity was
measured in 1995-96 and again in 2001-02. For each assessed childhood sociodemographic
factor, we evaluated whether the factor modified the female-male pneealédference.
Second, we evaluated whether standardizing Black males and femalesaim¢he s
distributions of the adolescent behaviors reduced the size of the predicted gendigy dispar
young BlacksResults:In unadjusted and multivariable-adjusted models, parental education

consistently modified Blacks’ gender disparity (p=0.01). The gender gajargast at low



parental education (16.7% men obese vs. 45.4% women obese) and smallest at high parental
education (28.5% men obese vs. 31.4% women obese). In Whites, there was little overall
gender difference in obesity prevalence. Blacks females reportedigsgitime physical

activity and lower likelihood of sport with either parent than did Black malesd&tdizing

by these behaviors did not reduce the predicted gender disparity in obesiaeci
Discussion:Black young adults’ gender disparity in obesity prevalence was concentrated in
families with low parental education. Male-female differences imttidescent behaviors
examined did not appear to underlie the obesity gender gap in young U.S. Blacks. Future
research should investigate environmental, physiologic, and behavioral factad teldne

differential regulation of energy balance in young Black males and éemal
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Introduction

“Probably the most controversial finding from twin studies is the relatively low
shared-environment effect . . .. Discussions about the obesity epidemic almost
invariably ascribe a key role to the family, but, in the present study . . . sibiomgs f
the same family were only slightly more similar in adiposity than would becteghe

from their genetic similarity . . ..” -- Wardle, J. et al. 2008 (1).

In the lay press, childhood obesity often seems to be portrayed as a syndrome
partially attributable to poor parental oversight of children’s health. Howewvery lay
experience in Black communities, many of the heavier boys and girls wieggiti families
where their health, well-being, and educational achievement were being atended t
particular, most of the heavy Black boys | knew were being raised Inyiattand
financially secure parents. On the other hand, the children, especially the libyhgwnost
dysfunctional families often seemed to me to be at uniquely low risk fortpbesi

Against this backdrop, | became animated by the idea of studying the gempaeitylis
in obesity risk in Black young adults. | believed that the topic presented an original
perspective from which to investigate the role of the childhood family environment i
influencing adult obesity risk. Because Black boys and girls are largebd in the same
families, differences in the distribution of childhood sociodemographic factors could not be
responsible for the female-male disparity. In addition, because | wasmgfympple of the

same racial background, | would be free to set aside the view that Black Ansénbesity

patterns are determined by unique attributes of their genetic profilesv@tkgpresented a



novel perspective from which to explore how childhood family context may influence later

susceptibility to obesity.



Critical Review of the Literature

It is well established that Black women have higher obesity prevalencBlédn
men (2, 3). According to the 1999-2002 National Health and Nutrition Examination Survey
(NHANES), Blacks’ gender difference in obesity prevalence was 21.&mage points:
49.0% of Black women were obese while only 27.9% of Black men were obese (4). This
prevalence difference was much larger than that observed in Whites, in whonvdkere
virtually no gender disparity in obesity prevalence. In the 1999-2002, 30.7% of White
women were obese compared to 28.2% of White men (4).

NHANES has monitored gender-specific obesity prevalence for th@pasiars (5).
During most of that time, the gender disparity among U.S. Blacks remainesl atablout
15 percentage points but has increased to 20 percentage points in the most recentsurveys (
6). In adults aged 20 to 40 years old, recent data do not indicate secular changes in the
magnitude of the gender gap. The 1999-2002 estimate was 21.6 percentage points (5). The
2001-2004 estimate was 21.5 percentage points. Although the obesity gender dispatity is
documented, little is known about the causes of the disparity.

While gender differences in overweight and obesity do exist among Whites, their
gender disparity is less consistent and much less pronounced than among Blacks. For
instance, among Whites, the direction of the gender disparity is different fovesgkt and

obesity. White women atesslikely to be overweight compared to White men, but White



women are slightlynore likely to be obese (4). In contrast, Black women are more likely
than Black men to bleoth overweight and obese (4).

Because Black men have not historically had a disproportionately high riskessexc
weight, obesity research in Black populations has concentrated on understandirgg risks f
Black females. However, now there is an urgent need to understand obesitgtoiskfta
Black males. As recently as the 1988-1994 NHANES lll survey, White and Blgskhiad
a similar prevalence of "obesity*g5" percentile) (7). Nevertheless, in the late 1990s,
young Black males’ incidence of overweight/obesity accelerated yagdidbm NHANES IlI
to 1999-2002, the prevalence of overweight among Black teenage boys nearly doubled. For
the first time since national record-keeping began in the 1960s, Black adolescewebe
more likely to be overweight and obese compared to White boys (4, 7). Other population-
based surveys have seen a similar escalation in obesity prevalenceyannog@lack males
(2, 8). In the National Longitudinal Study of Adolescent Health (Add Health), the
prevalence of extreme obesity (BMI>40) was especially high in yourgk Bi@n: 5.1% [se
=1.1%] (versus 3.3% [0.6] in young White men) (2). At a time when obesity risk is
accelerating disproportionately in young Black men, we know little about teexdeaints of
obesity in Black males. New race-specific and gender-specificrcbssaneeded to
understand these recent increases.

Adolescence and early adulthood may be critical life periods for obesitgrgron.
The incidence of obesity and weight gain accelerate during the late teleearBn20s (2, 8-
10). In fact, the late teens and early 20s are the time when Americaniseggiedtest

amount of weight the most quickly (8-10). In the Add Health study, a nationally



representative longitudinal cohort, the prevalence of obesity among thaks&3ag8é years
(10.9% obese) doubled by ages 19-26 years (22.1% obese) (2).

Further, adolescent overweight is associated with greater morbidityatelity
later in life, specifically cardiovascular problems (11, 12). Heavier adolissind to
experience a large weight gain during early adulthood (late teens28ajland to be obese
as older adults (11, 13-18). These factors — early adult weight gain and adijt-elpes
heavy adolescents at increased risk of coronary heart disease, certans.cand higher
rates of overall mortality (15, 19) (12, 20). Therefore, the determinants of exsigbs and
excess weight gain among adolescents and young adults merits invastigati

According to the ecological systems theory of obesity incidence, obesity is
determined not only by individual behaviors but through the influences of family,
neighborhoods, local government bodies, and even national governmental policy (21-25).
Further, these multiple contexts interact with each other and with an indigidual
characteristics to influence obesity risk (21, 24). Below | briefly veviat is known
about the determinants of obesity in adolescent and young adult populations. | diganize
review around the contexts described in the ecological model. | pay special attention t
research in U.S. Blacks.

Individual-level factors. The literature on individual-level obesity determinants in
youth and young adults consists mostly of cross-sectional studies and studiesgn y
children, both of which have important limitations. Cross-sectional studies #e=llim
establishing causal relationships (21, 26, 27). Studies in young children may not be
generalizable to older populations. Below, | briefly discuss the main feafutlds

research.



Young Black females are much less physically active than young Bldek (2&-

29). In young adulthood, White women were about half as likely as Black and White men t
meet physical activity guidelinesq bouts of moderate or vigorous activity per week) (30).
However, Black women were only a quarter as likely to meet the guidelmesgdrd to
sedentary behavior, an analogous pattern was observed. As both White and Blagjedirls
they spent less time than their male counterparts in TV-watching and velemyi(28)

(30). However, in both adolescence and early adulthood, the amount of sedentary behavior
for Black females was much higher than for White females. While Whitesraatefemales
differed in their weekly sedentary time, Black males and females both sip¢f éime in
sedentary pursuits.

In children and youth, studies have failed to establish a consistent relationship
between with childhood overweight and diet (21, 26, 29). Physical activity research ha
shown somewhat stronger results than studies of diet: children with greatereasing
bouts of physical activity show modest reductions in overweight status (27, 28). ¢tpwev
several school-based physical activity interventions failed to reduce Bbblemity
prevalence (31-34). The lack of strong associations between obesity and dietsacal phy
activity could be due to poor measurement of diet and activity (35). The relgbionshi
between sedentary behavior and body fatness is somewhat more consistertim&spent
in “inactivity” in childhood, especially television-watching, may contriboteveight gain
and obesity development (28, 36-39), perhaps even into early adulthood (40). However,
these associations appear to be modest (39). A recent meta-analysieddblerassociation

between hours of television-viewing and fatness as inverse but small (41).



On average, Black girls reach menarche at an earlier age thamdivisit Earlier
menarche is positively associated with adolescent and adult obesity i{2gjr#2-44).
However, it is unclear whether early weight gain causes early sextiabtian or whether
sexual maturation itself predisposes girls to obesity (44, 45).

The prevalence of individual-level risk factors fails to fully explain the highitgbes
prevalence of Black females or the accelerating prevalence aroang Black males. The
effects of these risk factors are often weak. Further, factors found to askfm White
populations often show different effects among Blacks (26). For instance,.indb@ts of
Black and White young adults, sedentary behavior, fast-food consumption, and physical
activity appear to show weaker associations to obesity among Blacks (27,.28, 46)

Few studies have examined risk factors for obesity in adolescent and ylling a
populations and none directly address the obesity gender disparity among 0kS. Bla
While some individual-level factors are weakly associated with obestalence, these
factors are not so much more common among Black females that they fullynakai
group’s excess prevalence of obesity. The few studies that have examinadtask f
associations by race and gender have observed differences in the direatistrerggths of
associations between obesity and individual-level risk factors.

Neighborhoods, communities, and macro-level policyBeyond individual risk factors,
characteristics of one's larger community are believed to affect olskityAmount of food
advertising on television; less physical education in the schools; less walkabteinities;
more limited access to fresh produce; increased average portion sizesgdeortary
transportation, work, and leisure activities — some of these community and leagro

characteristics may promote obesity among adolescents and young4@ults (



In a longitudinal analysis of the National Longitudinal Survey of Healtrsdgta
region of the country was examined as an obesity risk factor for a cohort of Hx28kys
[Must, 1994]. For no group was region a statistically significant predictor of/éae
overweight incidence, but, among young White men, overweight prevalence>(BR8)
was significantly associated with living in the North Central region or then§weetsus the
West). Most multiracial cohorts, like NGHS and CARDIA, sample a majofitiieir Black
population from one or two metro areas. This kind of sampling does not allow one to
examine the impact of region on racial differences.

Multiple studies have examined the associations between obesity and individual- and
family-level income. However, many fewer been able to examine comniendl-
socioeconomic status as a risk factor for obesity among Black and Whitecadtdesnd
young adults. | am unaware of the studies on this topic in adolescents and young adult

Childhood-family factors. Longitudinal studies show a strong and consistent
relationship between childhood SES and risk of obesity later in adulthood (26) even though
higher SES does not predictably predict obesity among children and adult men in cross-
sectional research in mostly White populations (26, 47). The fact that childhood SES fail
predict childhood obesity but does predict obesity in adulthood indicates that childhood may
be a unique critical period for increasing risk for adult obesity. Although childlaooidyf
environment may appreciably affect adult obesity risk, the influence of féactigrs has not
been extensively researched (26). However, one important theme to emerdasrom t
literature is that associations may differ by age and gender (48-8lgw Bbriefly discuss

the influence of childhood family factors on adolescent and young adult obesity.



Family SES Lower childhood socioeconomic status increases one’s risk of being
obese in adulthood (26). However, the association between SES and obesity risk varies by
race and gender (52, 53). For example, a paper from the CARDIA cohort found that a
person’s father's education (a surrogate measure for childhood SES) predicteselec
body size in White women and Black men but not in White men or Black women (52). The
relationship between SES of origin and later risk of obesity merits furthetigatesm,
especially in regard to racial and gender differences.

Mother’s age at child’s’ birth.In a cohort of Black and White girls aged 9 and 10
years, Patterson et al. observed that both Black and White girls with oldde fgnardians
were more likely to be overweight: OR=1.14 for each 5-year increase imalage (54).

In their Discussion, Patterson et al speculated that, " . . . age of mother nchptétiedes
toward food, parenting styles, and other family dynamics." | found only one othgro$tud
this topic (in primary and secondary schoolchildren in central Italy), but the sudlidonot
report the results of the analysis.

Birth order. In numerous foreign populations, being an only child or being the oldest
child are associated with greater risk of obesity (55-59). Howeveuld only find one
study that addressed this question in a U.S. population. In a cohort of inner-citpAfrica
Americans, Stettler et al found that first-born status was associatedbesity risk at ages
18-22: RR=4.0 (1.4, 11.2) (60).

Number of siblings. Again, nearly all of the studies of this topic were in foreign
populations. In contemporary Italy, mid-twentieth-century the Netherland€=gland in
the late 1960s, having fewer siblings, and especially being an only child, wasi&ssacih

greater prevalence of overweight in adolescents. In one U.S. study of Black aagWhit



adolescent girls, Patterson et al. observed that the odds of being overweigaseg by
14% with each additional sibling (54).

Sngle-parent household. The only study | found addressing this topic among
adolescents was from England in the late 1960s. Children who were "fathedpssjaky
those being raised by widowed mothers, were more likely to be "obese"i(esld®f a local
doctor). In the National Growth and Health study, White pre-adolescent ghils single
guardian were more likely to be overweight. There was not a statissaatificant effect
among Black girls.

Few studied populations have been sufficiently racially diverse to assasstions
of childhood family factors with race. Those studies with multiracial popuaksithave
typically observed some differences in effects among the differentmdageader groups.
For instance, in Add Health, family income and education exerted differentsaffa/hites
versus Blacks and in males versus females (61). In the NGHS study, Patteidonmsd
the same patterns: Some risk factors were shared between White dongrBladolescent
girls, but others, like parent SES, varied by race (54).

In Add Health, at every level of income and at every level of parental emycati
Black girls were more likely than Black boys to be overweight. However, theitndg of
this gender disparity varied considerably by income and education level (61). (Bstont
White boys’ and girls’ overweight prevalences were never more than Segegoints
different). At the highest family incomes, overweight prevalence in Blatkagid boys
differed by 25 percentage points (45% vs. 20%). However, at the middle incomes, Blacks’
gender difference was as small as 5 percentage points (32% vs. 27%). irgirayifgarental

education revealed even more variation in the gender difference. Irefawiliere parents

10



had less than a high school education, overweight prevalence was 45% in females and 15%
in males. When parents had at least a college or professional degree, the {feneleceli
practically disappeared (30% females, 28% males). Family socioeconaiois faere

strongly associated with Gender differences in overweight prevalencecikdlalescents.

Because Blacks’ obesity gender gap emerges in childhood and increasatscdiim
during the transition to young adulthood (6, 61), we hypothesized that the gap observed in
young adults was associated with childhood and adolescent family factors. Intsdieg, s
childhood family factors such as parental education, lower birth order, single-mother
household, and fewer siblings were associated with obesity risk in adolesceiackiémaod
(53-57, 60-67).

Researchers investigating cigarette smoking, illegal substancendssardy sexual
debut have proposed that family sociodemographic factors are related to parégits’ soc
control of their children (68, 69). For instance, having two parents in the home may
engender greater social control because two parents can provide greatat papenvision
and mutual reinforcement of the others’ authority (69). Additionally, social con&pl m
have a stronger effect on health behaviors among men than among women (70).ds famili
with progressively better social support and social control, males’ healttmeganay
converge towards those of women. In fact, some research has found that being snarried i
associated with more social control of males and that males show more \griabieir
health behaviors due to the stabilizing influences of marriage than do women (70). Howeve
these results may be less relevant for the adolescent context: in one ctlelcent family
structure was not strongly associated with cigarette smoking, idegatance use, or early

sexual debut.

11



The idea that childhood family social control has stronger effects on males than
females may be relevant to understanding the gender disparity in olvesaiepce in Black
adolescents and young adults. If Black families have norms, habits, and theltgfromote
obesity, being more closely connected to the family may be associatedghi¢n bbesity
incidence. In families with loose social control, adolescent boys may betesscted to
the family than their female counterparts. Therefore, the males wilsgéniduenced by the
family environment than their female counterparts, and the obesogenic notradahtly
may not elevate males’ obesity risk. On the other hand, in families with rgseatal
control, both boys and girls are more likely to be controlled and connected to the family
environment. Therefore, there will be less gender disparity in obesateddbehaviors in
boys and girls with uniformly high social control.

Parent-child interactions. The effect of parental control on adolescents, whether
perceived or objectively measured, has not been extensively researchedis Tittkere
research on parental influence on children's eating habits. Instead, muclkatimg
research on parental influence concerns physical activity.

Family dinners. However, in one older population (the GUTS study, a predominantly
White, middle-class national cohort of early adolescents), more frequent thinmrs were
associated with a decreased prevalence of overweight status in teelsagedgore-
adolescent boys (71). Family dinner also predicted a slight (10%) decreasenaight
incidence over 1 year. The effect was seen only in boys and young teenage giréspréhos
adolescent girls reporting family dinner every day showed a slightly iratemsk of

overweight.
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Parental influence on physical activityA review on parents' influence on their
children's physical activity noted that most studies were cross1saltiThe review
concluded that concluded that parents probably do influence children's physuil act
through multiple pathways: modeling behavior, providing social support, and genetics (50)
However, the strength of parents’ influence on physical activity appedmsinish as the
child ages (50).

Parental participation with kidsin physical activity. In a cluster analysis of the Add
Health cohort, kids who participated in sports with their parents were most bkelget
physical activity recommendations in young adulthood (72). Few young adults, hpweve
(~10 percent) met the guidelines: While children with involved parents did sustaicgbhys
activity more than others, the absolute effects were small.

Parental modeling of physical activity. Another recent study concluded that parental
effects through modeling are probably weak (73). In an eight-year study of danies-
year-olds, standard regression models showed no effects. Multilevel growtls rioaohel
that father's baseline physical activity was slightly associatédimgreased child physical
activity. In addition, the only maternal effect was less decline in childigdlyactivity when
mother's activity increased over time.

Parental influence on sedentary behavior. In Add Health, children whose parents
limited their television decisions were among the least active ag)\auluits (72).
Interestingly, adolescents who reported high sedentary activity but rgerggdm parental
television control were much less likely than the other groups to have excsssesn

time” as young adults (72).
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Parental involvement in weight loss. In clinical trials of the obese, family
involvement appears to aid short-term weight (49). However, | could identify only two
studies in adolescents or young adults that assessed how parental involveroket laifig-
term &6 months) weight loss (51, 74). Both studies targeted only adolescent girls. Neither
of the interventions achieved long-term weight loss. However, the two studies sdggest
possible racial differences in the impact of parental involvement on girghitess. In the
study of White girls and their mothers, greater maternal involvementssasiated with
poorer outcomes (74); in the study of Black girls, the opposite was true (49, 51).
Genetic heritability studies: family environment

Two 1997 reviews argued that the family environment does not contribute to risk of
obesity (75, 76). They argue that genetics and the extra-family enviroerpain all of
the person-to-person variation in obesity. However, the genetic studiehave several
limitations. First, the studies were conducted predominantly in populations o ivicitle-
class twins. It may be difficult to detect family influence if studedifies are fairly
homogenous. In addition, effects may be different in minority populations. Second, most
studies investigated variation in BMI, rather than the likelihood of obesity. Thewdence
that, compared to BMI variation within the normal range, obesity is more heauignoéd
by the environment (62).

Furthermore, twin studies in general are likely to underestimate householohement
effects. For instance, calculated genetic effects are often thbatzuse the twins do share
the same household. In twin and sibling studies, it is wrongly assumed that family
environmental variance is the same (a) for both twins in a pair. However, even in utero, the

experience of offspring differs: For instance, opposite-sex fratevired experience
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different hormonal environments in utero. Also, while fraternal twins each haveweir
chorions and amnions in utero, identical twins may or may not share the same amnion. Once
born, twins are distinct individuals and do not share the exact same "home environment." No
two children experience exactly the same home environment: families défatently to

boys and girls, to older children and younger children, to children with differesanadity

traits (21).

Another assumption of twin studies is that the experiences of twins are represeftat
the entire population. However, it is likely that twins, especially identiagaktvare treated
differently than other siblings in their households and than other children in the outside
world. Finally, studying more than one type of family relationship (besidas)twould
allow more precision when predicting the genetic component of body size varBeiter
measures of household variation or even more variation in household types would also
improve the precision of measuring the environmental variance.

Conclusion

Children's families are frequently cited as being important for obesitgiabment
(73). Yet the role of family has not been extensively researched. Researchiaito rac
disparities in obesity often uses a deficit theoretical model (77). Fondestaaditional
research has investigated why Black girls (who are more likely to beveigit) are not
more like White girls (who are seen as healthier because they ar&ddssdibe
overweight). This research paradigm ignores Black males’ historicallpievalence of
obesity and factors which may protect against obesity risk in the Black woitgmThe
factors most commonly investigated in Blacks are those previously found to bessoci

with obesity in White populations.
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Instead, a more asset-driven paradigm is needed (77). An asset-driven approach
would broaden investigation beyond factors shown to be associated with obesity in Whites.
Additionally, an asset-driven paradigm would pursue factors that are assoatatbmver
obesity risk in Black populations, factors such as male gender. Uncovering thators
influence Black males’ lower obesity risk may help uncover factors assoeidh

Black Americans have a high prevalence of obesity, but the reasons behind their
greater obesity burden are not fully understood. Gender exerts an importararefibesity
risk in Blacks. Presumably, Black boys and girls being raised in the samenenents end
up having dramatically different obesity risks. The mechanisms behind fleiedtf
response to a shared environment are not fully understood. A small body of research has
demonstrated that childhood family environment has strong associations to adiyt ridlesi
However, these effects often vary by race and gender. The limited resademily
factors, such as family size and SES, underscores this heterogeneity. Alt®ugle of
family environment in obesity risk in Black youth and young adults is understudiety, fam
factors may be especially important mediators for obesity developmeraadksBlWe know
of no studies that have investigated factors associated with the gender gaptynimiBéack
adults. Understanding the causes underlying these differential outcomeslwidlucidate

distinct mechanisms of obesity development in males and females.

16



Specific Aims

Black Americans have a high prevalence of obesity compared to other U.8E. ethni
groups. Among Blacks, one obesity risk factor is uniquely strong and consisteale f
gender. Black adult females have an obesity prevalence that is 21.1 gerqenids higher
than Black adult males (4). In contrast, the difference for Whites is only Zé&npage
points. This marked gender difference in Black populations has not been explained or even
well-researched.

| investigate this gender difference in obesity prevalence among &&sBivith a
particular focus on the influence of family environment during adolescenceugrhthe
differential intergenerational transmission of obesity-related norms drayibe modeling,
family members may influence gender-based obesity differences. ligateshese
guestions in a cohort of Black and White U.S. adolescents. While this researadfilyrima
aims to better understand obesity determinants among Blacks, all arayseglicated in
the cohort's White population. Replicating results among Whites provides a camparis

group for analyses, allowing me to interpret the primary results within ddaroantext.

The specific aims of this research were as follows:
1) Investigate whether adolescent sociodemographics (two-parenhblolsséewer
siblings, fewer children in the household, lower birth order, and higher parental education

are associated with gender disparity in obesity prevalence in U.S.\Rlang adults.



2) Estimate to what extent differences in adolescent behaviors (fammlgrdj hours
of television, playing sports with mother, playing sports with father, boyikysical
activity) might account for the gender disparity in obesity incidence in U.Sk Btamg
adults.

These aims are met through secondary data analysis of the Natiogaltoral
Study of Adolescent Health. This longitudinal, nationally representativg staldides data
on more than 2,000 Black and more than 5,000 White adolescents followed into early
adulthood. The results of this study provide insight into how obesity risk in U.S. Blacks is
shaped by gender-specific determinants in the childhood family environment. This
knowledge improves understanding of the observed gender disparity in obesity among U.S

Blacks.
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Methods

| used a nationally prospective cohort study of young adults to investigate the
associations of selected childhood family characteristics and behavibrgemder disparity
in obesity prevalence in U.S. Black young adults. We replicated all asalys).S. Whites
for contextualization and comparison. We hypothesized that greaterswtiall; greater
parental involvement in nutrition and activity in adolescence; fewer hours ofsteleun
adolescence; and more frequent bouts of physical activity in adolescenceoaratad with
gender disparities in obesity. This study uses extant data from an obsehctimrastudy.

No new data collection was conducted.

Population

Add Health is a prospective, nationally representative school-based stiatgdnn
1994 under a grant from the National Institute of Child Health and Human Development
(NICHD). The study was designed to explore the health-related behaf/antslescents in
grades 7 through 12 and their outcomes in young adulthood. Add Health seeks to examine
how social contexts (families, friends, peers, schools, neighborhoods, and comiunities
influence adolescents' health and risk behaviors. Some populations were oversampled,
including Blacks from well-educated families. Students who were stratlygseampled and

for whom sample weights are available comprise the Core sample.



Beginning with an in-school questionnaire administered to students in grades 7
through 12 (Wave 1), Add Health followed up with a series of in-home interviewsasever
months afterward (Wave 1), a year later (Wave 1), and six yeans(\Mtave IIl). Other
sources of data include questionnaires for parents, siblings, fellow stuaehsshaol
administrators. Participants were aged 13 to 20 years old at the firstdepestionnaires
(Wave I). Those still in grades 7 through 12 in 1996 were included in the next wave (Wave
I1). All those who completed the in-home questionnaire at Wave | (even thosebiediayi

Wave II) were eligible for the next follow-up (Wave liI).

Table 1.Sample sizes from each wave of the National Longitudinal Study of Adolescent

Health (source: http://www.cpc.unc.edu/projects/addhealth/designfacts)

Wave | Wave I Wave |1
(1994-95) (1995-1996) (2001-02)
Student Student Parent Student Student
in-school in-home in-home in-home in-home
Sample sizes 90,118 20,745 17,700 14,738 15,197

Variables

Data on hundreds of variables have been collected from the Add Health population.
Most of the study variables were assessed by questionnaires administéneentssand
their parents. Students, their parents, and/or school administrators werewedrat 3 time
points: Wave |, Wave I, and Wave lll. Data on community charactexistice collected

from school administrators or were derived from independent data sources, such as the U.S.
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census. Table 2 shows selected pertinent variables and the frequencyctiboollBetailed

variable descriptions are available on the Interhéip://www.cpc.unc.edu/projects/Add

Health/codebooks

Table 2. Pertinent variables in the National Longitudinal Study of Adolescent Health

Wave | Wave Il Wave llI
(1994-95) (1996)  (2001-02)
School Student Parent Student Student
administrator  in-home  in-home in-home in-home
Family Characteristics
Household roster
Number X X X
Ages X X X
Genders X X X
Relationships X X X
Shared housing X X
history
Family income (1994) X X
Parental education X
Number siblings X X
Child Characteristics
Weight (measured) X X
Height (measured) X X
Physical development, e.g., voice X X

change (M) or menstruation (F)
Child Behaviors

During past week, times you did.
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work around house X X

roller-blade, skate, X X
or bike

sports, e.g., soccer X X
exercise, e.g., walking X X

During past week, hours you

did...

watch television

watch videos X X
play video/computer games X X
Parental Influence
sport w/ mom past month
sport w/ dad past month

parents control TV

1+ parent around during dinner
past wk
Community Characteristics
urbanicity

I
X
X
X
parents control eating X
X
I
X
X

region




Below | describe the anthropometric variables in more detail. Body imaex
(BMI) was the anthropometric measure used to classify obesity. Hormeheidual, body
mass index (BMI) is calculated as follows: weight (in kilograms) divideslduared-height
(in meters squared). Height and weight were measured at Waves Il ant Naye |,
height and weight were self-reported but not measured.) Wave |l BMIlisa¢ee based on
age- and sex-specific cutpoints that are were developed for an Americanipedjadfation
(CDC, 2000): obesity was defined as body mass index (BM§" percentile of the age-
and sex-specific CDC 2000 cutpoint or BMI > 30.0 kg(i#8). Wave IIl obesity was defined
as BMI> 30 kg/nf (79).
| chose to examine BMt 30.0 as an outcome rather than BM25.0. According to
an analysis that compared BMI to adiposity assessed via bioelectrical mopedalysis
(with a standard race-neutral formula), a measure which performsclessately in
classifying percent body fat in U.S. men than in U.S. women (80). Any BMI cujseatto
classify obesity has poorer sensitivity and specificity in men than in w{80¢n We chose
the cutpoint, BMP 30.0, because it is a standard, commonly used definition of obesity that
has high specificity in both men and women (~95% and ~99%, respectively (80)). Tderefor
>95% of men and women who had BAD.0 were correctly classified as having excess
adiposity. In contrast, at 25:0BMI < 29.9, more than 25% of men are actually not over-fat.
However, this cutpoint, BMt 30.0, has only moderate sensitivity, and the sensitivity
is poorer for men (~36%) than for women (~49%) for women (80). Thus, our cutpoint
misses relatively more “overfat” men than women and may overestimatagmtade of
the obesity gender gap in Blacks (and fail to detect an excess of obesity envdles

compared to White females). (Romero-Corral did not find important race dieEsgebut
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another study that used a race-correction in BIA formula did. So the followingizsesn
guestion: the degree to which race differences in the accuracy of BMI difédiyent
misclassifies men and women of different racial categories.) Forsasdlyat seek to
understand gender differences in the accumulation of excess adiposity, | agardwend
using BMI> 30.0 as a cutpoint rather than BMP5.0.

| also chose not to conduct a proposed analysis comparing obese young adults who
were also obese in adolescence with obese young adults were not obese anéslolEsis
analysis was proposed to compare the determinants of early-onset obesiggiethenants
of later onset obesity. If there were 3 time points available (pre-adeigadelescent,
young adult), 1 would do this analysis. | would measure exposures in pre-adotedoeac
1). Then | would compare these exposures in two outcome conditions (incident adolescent
obesity [timel->time2] and incident young adult obesity [time2->time3jvéver, our
dataset has only 2 time points (times 2 and 3 above). With only 2 time points, the proposed
analysis would compan evalent adolescent obesity tacident young adult obesity, which |
did not believe was very valuable for informing causal inference. In my papets that
the critical time period for exposure could be earlier in childhood than we examithdaisa
we did not have the proper data to test that hypothesis. We encourage other researcher

investigate the importance of behavioral factors occurring at younger age

Analytic strategy

All analyses began with exploratory analysis. | examined distomsiof all
variables and generated simple tables to increase my familiarityheithatiables. Next, |
modeled unadjusted bivariate relationships between exposures and the relevantsoutcome
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then proceeded to multivariable modeling. For all analyses, Stata 9 Surcegymes were
used. | only used data from the Core dataset, which was sampled using Add Health mul
stage stratified sampling design. | used the weights provided by Addzaklculate

nationally representative estimates.

Statistical Models

Overview

The objective of Aim 1 was to investigate the associations of selectdtiadul
family characteristics with gender disparity in obesity prevalemteS. Black young adults.
The exposures were derived from the following items in the Waves | and déisadat in-
home questionnaires: Maternal age at child’s birth, respondent’s birth ardagdiological
siblings, respondent’s number of biological siblings, number of minors in the household,
parental education, and single-mother household. Aim 1 focuses on surveillance and
describing population-level relationships. This analysis tested whetherethedence
difference varied across categories of each childhood family fastbmitation of this aim
is our inability to control for parents’ social environment or body size.

The objective of Aim 2 was to investigate behavioral factors that mightlmatetto
gender disparities in obesity prevalence. The exposures were derived fisimarguasked
at the Wave | and Wave Il adolescent questionnaires, including the following:

¢ On how many of the past 7 days was at least one of your parents in the room with

you when you ate your evening meal?
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e Which of [these] things have you done with your mother in the past four weeks? . ..

Played a sport?
e Which of [these] things have you done with your father in the past four weeks? . . .

Played a sport?

A major limitation of this analysis is that the relationships among the exgosure
obesity, and possible confounders are dynamic and inter-related. In addition, uecheasur
social factors introduce confounding relationships among the child's own behaviors. |
somewhat tempered these effects by adjusting some analyses forl\&&dentary behavior
and physical activity. Unfortunately, | did not have detailed diet data and so coaldjunsit
for diet. | did not adjust for adolescent body size: because the initial body size i
independently associated with later body size (my outcome), this strabedyy be
overadjusting, which would dilute true effects between parental control oindi¢at@r body
size. We did examine incident rather than prevalent obesity. Looking at dhasiyas
incident after exposure was assessed reduces some of the impact of feedbiack, that
exposures like parenting style simply responding to a child's previous @nestacs rather
than determining that child's future characteristics.

Aim 1 and Aim 2 employ similar statistical models. The main differeneethar
outcome variables (obesity prevalence in Aim 1, obesity incidence in Aim 2) and the
exposure variables. The exposure variables in Aim 1 are all childhood family
sociodemographic factors. The exposure variables in Aim 2 are adolescent behaviors.
Additionally, each model includes parameters for the given exposure variable &hdle

gender. A third term quantifies the multiplicative interaction between égwdder and the
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exposure. There are also terms for age and the multiplicative interactimeshdéemale
gender and age.

For each aim, we examined the female-male difference in obesity prevatence
incidence before and after standardizing for the exposure variables. Standaodsity
prevalences or incidences were calculated separately for malesnagleéd using coefficients
generated by multivariable-adjusted logistic regression. Logegression models were
race-stratified with obesity at wave Ill as the dependent variablegangarental education,
and gender as covariates. In addition, interactions with gender were thtdud@dl variables
due to previous evidence of gender-specific effects of obesity risk fac881(282). We
opted to use gender interactions with males and females in the same regressionathadels
than run gender-stratified models in order to facilitate calculation of 95%eoné
intervals for the female-male prevalence or incidence difference.

The coefficients obtained from the logistic regression models were used toafoerm
and gender-specific equations for the calculation of standardized obesity presalenc
incidences. In these formulas, values of each categorical covariate and exposite
were set to the race-specific average of the proportion of male and fenpaled&sts in that
category. Thus, the proportion of respondents in each category of every variabtd teas
the same value for males and females of the same race group. We thextechttifferences
as the standardized obesity prevalences or incidence in females minosihéds. For
instance, an obesity incidence difference of O represented equal projeesegt mcidence
for men and women. Greater than O indicated that women were projected to be rhote like

become obese; less than 0 indicated that men were more likely to become obese.
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All initial data analysis will be run separately for each race group. Alblas were
analyzed as nominal categorical variables. All tests were adjusteddar@alth’s complex
sampling design and weighted to correct for loss-to-follow-up (83). The 95% comfidenc

intervals for the incidence differences were calculated using the dehadn(@3).

Other statistical approaches considered

Before deciding on my statistical approach, | tested numerous other optionghtl sou
a statistical approach that was (1) appropriate for a dichotomous outcome, (2) woul@ produc
effect estimates on an absolute scale rather than a ratio scal8) wudld allow me to
produce survey-weighted and —adjusted effect estimates and confidencdsnising
standard statistical software. To evaluate statistical approaches, éaish to run survey-
adjusted multivariable models adjusting for Black/White race, gender, aimddhaction of
Black/White race and gender. | used the results of these models to estirséte obe
prevalence difference in Black and White young adults. Then, | comparedstiamcate to a
statistical gold standard: obesity prevalence difference estinratacstirvey-adjusted non-
parametric cross tabulations (using Stata 9 command svy: proportion). Beloessrgotion
of my findings:
1. Generalized linear model with identity link: problems with convergence
2. Poisson model with sandwich estimator: estimates were slightly diffiecen non-
parametric estimates
3. Binomial regression: not a standard procedure in Stata survey softwarevediowe
when | programmed it myself, directing the problem to include the statiatgghts

and use a sandwich estimator, the results were similar to the non-parastetrates
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4. Marginal effects, conditional on mean values of all covariates. This methods take
the derivative a coefficient estimated from logistic regression. The pnablem
with simply taking the derivative of the “gender” variable is that the gerat@able
is also included in interaction terms with other variables. Heuristicallgfteet of
gender is spread among the gender variable and all other variables consiting of
interaction with gender. Therefore, this marginal effects approach, ahinshders
variables to be completely independent of all other variables and holds all other
variables at the mean values while calculating the derivative of the ceefiic
guestion, does not work in models with interactions. Also, the marginal effect
conditional on the mean values of other covariates is an abstract concept ratler tha
population-based one.

5. Marginal effects, set non-default covariate pattern. A possible solutiba to t

problem described above is to code variables so that interaction variables should be

equal to O for the subgroup under investigation. However, this would require
constantly changing the coding depending on the subgroup under investigation.
6. Average marginal effects. An alternative to conditional marginal sfiscverage
marginal effects where the covariates are set to mimic the joinbdisins of
covariates in the population of those in the dataset. There is user-written code that
will calculate average marginal effects along with confidencevalefusing
bootstrapping techniques). However, interaction variables complicate the
calculations; | could not identify any user-written code that could handle mare tha

one interaction term. It would be possible to fit average marginal efteatsales
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and females separately, but I do not know how to get confidence intervals for the
difference of the male and female estimates.

7. Survey-adjusted logistic regression model with categorized variablesgteatwith
gender interactions; compute difference measures by taking weighted linea
combinations of logistic regression coefficients. This allowed sedtdstimates for
males and females to be in one model, while also allowing us to compute difference
measures standardized to meaningful (if hypothetical) populations, and calculate
confidence intervals (Huber & White/robust/sandwich estimator) and test the

resulting estimates (modified Wald test of equality). This appeared to wdrk bes

Covarying variables

A final methodologic decision involved the multivariable modeling strategynm Ai
Because birth order and number of siblings were highly associated, | intexstigach
factor was more closely associated with the prevalence differencessityah U.S. White
and Black adults. There was variability in the gender prevalence difee(B) when
stratifying by birth order, but there was not strong evidence of vanainilthe obesity PD
when stratifying by number of siblings. For instance, we compared gendeemtfeamong
first-born and among second-born respondents from sibships of the same size (sfl3hips
in Black and White adolescents and young adults. In all cases, there was mareecoide
gender difference among first-borns than among second-borns. In contrast, when we
compared respondents of the same birth order (second-born) but from sibships of different
sizes (2 versus 3 or more), estimated gender differences were simalaiesg of number of

siblings. Therefore, our final multivariable variable models included 5 of the exposur
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variables: parental education, female caregiver’'s age, number of minors @nbloygamily
structure, and birth order.

The results are described in greater detail below: When we compatdmbifirsand
second-born participants from sibships of the same size (sibships of 2), trezingatt
gender disparity were not the same. Among the second-born siblings, there wasmzeevide
of gender difference (RD=-0.01), while first-borns did appear to show gender diferen
(RD=-0.08). In contrast, when we compared adolescents of the same birth ormied(sec
born) but in sibships of different sizes, we saw no differences (RDJ[sibship d.R; RD
[sibship of 3+]=-0.01). Additionally, we compared first-born children who did not have
siblings (only-children) to those who had siblings. The RDs were not stalystidédrent

(p=0.34; RD[only]=-0.10; RDJsiblings]=-0.06).

Multinomial models: Aim 2

To address concerns that including “overweight” adolescents and young adiés i
at-risk population and outcome referent category, respectively, biasedmd #idings, it
was suggested that | run multinomial logistic models comparing two seatalgges:

1) adolescent normal-weigh® young adult overweight (25:0BMI < 29.9) versus
adolescent normal-weigh® young adult underweight/normal-weight
2) adolescent normal-weigk® young adult obesity (BMt 30.0) versus adolescent
normal-weight> young adult underweight/normal-weight
Instead of using a multinomial logistic model, | estimated these contisists sets of

logistic models (see Appendix A).
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Aim 1. Association with childhood sociodemographic
factors

Abstract

Background: In the United States, Black women are at much greater risk for obesity than
Black men. Little is known about the factors underlying this dispadibyective: We

explored whether childhood family factors (parental education, single-nuthsehold,
number of siblings, number of minors in household, birth order, and female caregiver’s age)
were associated with the gender disparity in obesity prevalence in ldc.y@ung adults.
Design: An analysis data set (n=7,747) was constructed from the nationally representative
National Longitudinal Study of Adolescent Health. Childhood family faciene assessed

in 1994-95 in non-immigrant Black and White youths aged 11 to 19 years. Obesity was
assessed in 2001-02. For each assessed childhood family factor, we evaludtedtivhe
prevalence difference (female obesity minus male obesity) was nabhlfithe factor; and

we described the contribution of each variable category to the overall prevdl#aoence.
Results:In unadjusted and multivariable-adjusted models, parental education consistently
modified Blacks’ gender disparity (p=0.01). The gender gap was largest patental
education (16.7% men obese vs. 45.4% women obese) and smallest at high parental
education (28.5% men obese vs. 31.4% women). In Whites, there was little overail gend
difference in obesity prevalendeiscussion:To our knowledge, this study is the first to

document that Black young adults’ gender disparity in obesity prevalence isitatex in



families with low parental education. In these low-SES families, gbasitelopment is
either under the control of distinct mechanisms in each gender, or men and women from

these households adopt very different obesity-related behaviors.

Introduction

It is well established that Black women have higher obesity prevalencBldmEdn
men (2, 3). According to the 1999-2002 National Health and Nutrition Examination Survey
(NHANES), the gender difference in obesity prevalence in Blacks was 21ehfzage
points: 49.0% of Black women were obese while only 27.9% of Black men were obese (4).
This prevalence difference was much larger than that observed in Whites, in whemdker
virtually no gender disparity in obesity prevalence. In the 1999-2002 NHANES, 30.7% of
White women were obese compared to 28.2% of White men (4).

NHANES has monitored gender-specific obesity prevalence for th@pagsiars (5).
During most of that time, the gender disparity among U.S. Blacks remainesl atablout
15 percentage points but has increased to 20 percentage points in more recent surveys (5, 6).
Although this gender disparity is well documented, little is known about factors underlyin
the disparity: in fact, we know of no studies that have investigated factorsadsdauith the
Black obesity gender gap.

Because this gender disparity in obesity prevalence emerges in childhood and
increases dramatically during the transition to young adulthood (6, 61), we hypedhibsit
the gap observed in young adults was associated with childhood and adolescent family
factors. Childhood family factors such as parental education, lower birth ordée;siother
household, and fewer siblings have been found to be associated with obesity risk in
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adolescence and adulthood (53-57, 60-67). We hypothesized that these factors tedriorela
parental social control, which may differentially affect health behaviargie and female
children (70). Thus, with greater parental social control, health outcomes & meye
converge towards those of females. Therefore, we hypothesized that emb{pauseholds,
fewer siblings, fewer children in the household, lower birth order, and higher parental
education (all putative markers of greater family social control) would$eceated with a
smaller gender gap in obesity prevalence between young Black men and women.
We were patrticularly interested in the gender disparity’s relationskipparental
education. In NHANES 11l (1988-1994), the relationship between socioecononus stat
(SES) and “overweight/obesity” in Black young adults (aged 20 to 30 years) gats/ador
women but strongly positive for men (82), with the implication that the gender tyspas
larger in low- versus high-SES young adults. A recent review suggests thatebet
NHANES 111 (1988-1994) and 1999-2000, the relationship between SES and obesity became
positive in Black women and negative in Black men (84), implying a potentialljesma
gender disparity in low- versus high-SES adults. To address this lack of consernises
gender disparity’s association with SES and other sociodemographic factorgdnates
from a nationally representative prospective cohort study of adolescentseiblioiw young
adulthood to investigate the associations of selected childhood family chatasterith
gender disparity in obesity prevalence in U.S. Black young adults. We afeatestthe
contributions of specific family types, as well as birth order and fecaabsgiver's age at
one’s birth, to Black young adults’ female-male obesity gap. We replieditanalyses in

U.S. Whites for contextualization and comparison.
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Methods

Population

Data were from the National Longitudinal Study of Adolescent Health (Asidth).

Add Health began as a nationally representative survey of all U.S. public and prinadk sc
students enrolled in grades 7 through 12. The Add Health survey focused on adolescent risk
behaviors and includes a wealth of behavior data. The survey was cluster-sangaleddd

and also oversampled some subgroups, including Black students with a parent who had
completed college or attained a professional degree.

In 1994-95 (baseline), detailed questionnaires were administered to each student and
the student’s primary in-residence caregiver, preferentially aléerA year later, in 1995-96,
all students except those in twelfth grade at baseline were re-intedview2001-02, seven
years after baseline, all study respondents who participated in the 1994-95 hasiéhvere
re-interviewed, and height and weight were measured.

We restricted our sample to non-Hispanic Blacks and Whites, at least one ef whos
parents were born in the United States. Race was defined by a combination ofiiehild se
report and parent self-report data (28). We restricted the sample to adtslegicese parents
were born in the United States (85) because our theoretical framework prekatrstthted
cultural and historical experiences shape how obesity-related beliefs,dyshand desired
norms may be transmitted differently to boys and to girls. In immigrantiésnthese
constructs could be additionally influenced by the cultural context of their pareuatdries
of origin. We also restricted our analysis sample to those eligible to be intedva all
three study time points, i.e., those in twelfth grade in 1994-95 were excluded.

Outcome
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The main outcome was prevalence difference: obesity prevalence in women minus
that in men, at the 7-year follow-up visit. Obesity was defined as body masqBiBx>30
kg/m? (79), A prevalence difference of 0 represents equal obesity prevalence fonthen a
women. Greater then 0O indicates that women were more likely to be obeskateds
indicates more male obesity.

We considered modeling six-year incidence rather than prevalence. Irecidenc
advantageous when one is estimating causal associations and seeks to excluala bias f
reverse causation and from confounding by differential outcome duration. Howe\se we
not calculating causal estimates, and we believe that reverse causatidifferential
outcome duration are of limited importance in this analysis. First, it is unlkempossible
that a child’s obesity status would affect parental education, family steuéémale
caregiver’s age at child’s birth, number of minors in household, birth order, or number of
siblings. Second, obesity is generally a persistent state. In Add Healthheweyear
observation period, obesity was maintained 80%-90% of the time in Black and White males
and females (2). By modeling prevalence, we produce estimates that cagchg dir
compared to other surveillance data and be easily incorporated into estimatescdigaltsi
burden.

Exposures and covariates

Exposure variables were derived from the baseline (1994-95) interviews of
respondents and their caregivers. Six exposure variables were examined: oiufiolber
siblings (including respondent); birth order; number of minors (a@8dyears) living in the
respondent’s household (including respondent); parental education; family struature; a

female caregiver’s age at the time of the respondent’s birth. Both birth adiaueber of
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siblings were defined in terms of the respondent’s full-sibship, i.e., all childrentof bot
respondents’ biological parents. Parental education was defined as the é&dyloasion
attained by either of the respondent’s biologmaaients (61). We categorized family
structure into four groups: household headed by single mother; by both biological parents; b
two parents, at least one of whom was non-biological; and other (85). Ninety-tveotpefrc
the identified female caregivers were the respondents’ biological mother

Other variables included in all multivariable models were categoricaradjéhe
respondent’s biological sex. Although we use a variable for biological sex, ousttbalor
framework presumes that the obesity disparity observed between Black men agral wom
results from both biological (“sex”) and cultural (“gender”) influences (86 l&ck of a
better term, throughout this paper, we use the word “gender” to connote the confluence of
biological and cultural influences.
Exclusions

Overall 78.3% of those eligible participated in the 7-year follow-up (80.9% of Black
females, 71.2% of Black males, 82.0% of White females, 75.9% of White males). Of the
respondents, 7.7% were excluded from the present analysis. About 5% of respondents were
excluded because they were missing baseline exposure information (4.6%),fematéy
caregiver's age at child’s birth, which was missing for 3.6% of respondehex.sQvere
excluded because they were outside the desired age range (0.01%); lived loded rae
(0.2%); were pregnant at the time of the follow-up visit (2.2% overall [4.5% Blackewom
4.0% White women); or were missing measured and self-reported height or vegaght d
(0.9%). Self-reported height or weight was substituted for missing measuredrda®#dt of

respondents [7.2% of Black females, 6.4% of Black males, 5.6% of White females, 4.2% of
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White males]. The final analysis sample consisted of 2,096 Black and 5,651 White

respondents.

Data analysis

Effect modification of the prevalence difference

Our primary hypothesis was tested by examining whether there weis effe
modification of the obesity prevalence difference by any of six expostiedes.

Specifically, this analysis tested whether the prevalence diffexemzsl across categories of
each childhood family factor. All family factors were analyzed asinaincategorical
variables. We first calculated obesity prevalence by race for eademgeithin each
exposure category. We then estimated the obesity prevalence differeach istratum of
each exposure. Finally, effect modification of the prevalence differeneadbyexposure

was tested using modified Wald tests (83).

All estimates were corrected for Add Health's complex survey designB8)
unadjusted and multivariable-adjusted estimates were calculateddoabjses. To allow
multivariable-adjusted associations to vary independently by gender, albieacategories
had interactions with gender. Calculating adjusted prevalence estifr@atemultivariable
logistic regression models required us to set model covariates to specifie (@iueNe
chose to standardize the multivariable-adjusted estimates to hypotheteastratified
populations with similar covariate distributions as the sample population. ¢foraeze
group, we set each covariate category’s value at the mean proportion of responthetit
category over the two genders. The one exception was respondent’s age, for wehiainua
the two race groups were combined before determining the mean proportions. The delta

method was used to calculate 95% confidence intervals for prevalence differences
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Because some of our six exposures were likely to be associated with eactvethe
screened for multicollinearity. We used bivariate multinomial logiggression models with
each variable as an outcome and each of the other five variables separategxposure.
We found that female caregiver’s age at respondent’s birth was stroagtyesed (OR3.0)
with most other exposure variables. To examine this further, we ran multieamalolels
both including and excluding the female caregiver’s age variable. The estifoaother
variables changed very little, so we report estimates from multivamabtiels including
female caregiver’'s age at respondent’s birth.

We also observed a strong bivariate associatiors@JR between birth order and
number of siblings. To separate the associations with birth order versus tHosemiter of
siblings, we created joint variables that allowed us to examine associatimeghetbesity
prevalence difference and either birth order or size of sibship while holding théautios
constant. These analyses indicated that birth order was the factor mogéysissociated
with differential obesity prevalence by gender (results not shown). Dineyeiur final
multivariable logistic regression models included gender, categoricdiagexposure
variables (excluding number of full-siblings), and gender interaction terthallvvariables.
Decomposition of the prevalence difference

We used Kitagawa decomposition to divide the overall gender disparity into
components due to differences in men’s and women'’s stratum-specific obesdigpces
(88). For each variable, the standard population was assigned the average exposure
distribution of the two gender groups. We modified the Kitagawa method by dividing each
stratum-specific component by the sum of the absolute values of the strattific-spe

components instead of diving by the overall prevalence difference. This approameexpl
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only disparity due to differences in stratum-specific obesity prevalenchatavhich may

be due to men’s and women'’s differences in exposure distributions. Any disparity due t
differences in the percentage of men and women in each stratum is refleteedifference
between the overall gender disparity and the sum of the stratum-spenifioents. In
addition, this approach simplifies interpretation when stratum-specificassrhave

different signs.

Results

Table 3shows the distributions of the exposure and outcome variables. There were
striking differences between Blacks and Whites, especially for pareltedton and family
structure. As expected, Black women were much more likely than Black men to be obes
The estimated prevalence difference was 11.9 percentage points (95% CI: 7.0, 16.7). Among
Whites, there was not a gender difference in obesity prevalence: the prewdiféarence
estimate was only 0.9 percentage points (95% CI: -1.9, 3.8).

In Blacks, obesity prevalence was greater in women than in men in every stfatum
every childhood family variable (sdable 4). However, the magnitude of women’s excess
prevalence varied across some of the family factors. For instance, irefamilvhich neither
parent completed high school, Black women’s unadjusted obesity prevalence was 45.4%
compared to only 16.7% for Black men, corresponding to a large prevalence difference of
28.8 percentage points (standard error [se]=6.5). In contrast, in Blacks frome$amivhich
a parent had a college degree, the unadjusted prevalence difference was onlyegtageerc
points (se=4.8): Black men’s obesity prevalence was 28.5%, and Black women’s was 31.4%.
In Whites, there was not this much variation in gender difference by any oftbsuee
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variables, but obesity prevalence did tend to be higher in White women than in White men
for parental education less than high school; young or old female caregivers;age in |
sibships/high birth order.

Multivariable-adjusted prevalence differences are shoviaigares 1-5 The overall
multivariable-adjusted prevalence differences for Blacks and Whites1#e5 percentage
points (95% CI: 7.8, 17.2) and 0.4 percentage points (95% CI: -2.4, 3.3), respectively. The
most striking association with obesity gender disparity was found for paeeitzdtion in
Blacks (Figure 1) (p=0.01). The prevalence difference was greatest d@inosegvhose
parents did not complete high school and smallest among those with a parent who domplete
college. As in Blacks, the overall trend in Whites was that women from the lowestieduca
families were at elevated obesity risk compared to men from siraa@lés. In Whites, the
test for effect modification of the obesity prevalence difference lBnpalreducation was
statistically significant in unadjusted (p=0.05) but not multivariable-adjustetti
(p=0.34).

For two other childhood family exposures, there were suggestions of moderate
associations with gender difference in obesity prevalence. Birth ordesom@ewhat
associated with gender difference in both Blacks and Whites (see Fjghtavthg a female
caregiver who was relatively youngl@ years at respondent’s birth) or relatively aldg
years old at respondent’s birth) appeared associated with higher obesitgpreviat White
women relative to their White male counterparts (see Figure 5).

Results from the decomposition analyses are showalite 5. Blacks from the
lowest parental-education families represented less than 20% of the population but

contributed more than 40% of Blacks’ gender gap (~5 percentage points). In conaalst, Bl
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children of college graduates also made up about 20% of the population but contributed only
about 5 percent of the gender gap (<1 percentage point). In earlier analyses, f\ghit

families where parents did not complete high school also appeared to show a gender gap.
However, this group made up less than 10% of the White population and so contributed only

about 1 percentage point of gender disparity.

Discussion

We used an innovative methodological approach to directly study the gender disparity
in obesity prevalence in U.S. Black young adults. To our knowledge, this studyiistie f
examine family factors as possible correlates of Blacks’ gengeingzbesity prevalence.

With the exception of parental education, none of the family variables werelgtrong
associated with the gender disparity. Thus, we believe that this reseasalotioaplicate
differential parental social control in adolescence as a cause adrilerglisparity in non-
immigrant Black young adults. However, we found that the obesity gender gegb lrar
parental education. Nearly half of the overall gender gap was concéranatag the fifth of
Black young adults whose parents did not complete high school. While young Black wome
from low-education families were at the greatest risk of obesity, yBlatk men from these
same families were at the lowest risk.

Although U.S. work addressing gender disparities in obesity prevalenceds,scar
there is a body of relevant work examining international differences intplpesvalence
(89-93). The association between socioeconomic status and obesity varies dpertiddry
and by a country’s degree of economic development (as assessed by the Urotesl Nati
Human Development Index [HDI]) (93). For men in poor, low-HDI nations, socioeconomic
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status is positively associated with obesity. In medium-HDI nations Beazil, Saudi

Arabia), studies of men find fewer positive associations and more null asswi&inally,

in men from high-HDI nations (e.g., the U.S., Australia), few studies find positive
associations: most find no linear association or negative associations. WomerHDIl

and medium-HDI countries tend to show trends similar to those observed for men. In high-
HDI countries, however, studies are much more likely to find negative associations
women than in men (93). This finding conforms well to what we observed among young
White men and women, in whom obesity prevalence decreased in both White women and
men as parental education increased.

Young Black Americans’ patterns, however, were not compatible with those usually
found in high-HDI countries. The gender gap observed in U.S. Black young adults more
closely resembles the profile of a medium-HDI country, where obegtalence is usually
much higher in women than in men (90, 94). Within medium-HDI and high-HDI nations,
there are historical subgroups that are not fully integrated into the largdries’ social and
economic systems (91, 93). McLaren classifies these “traditional sulestilag living in
countries at a lower stage of development. For instance, in her review, “Amiedcamand
Maori subgroups were classified as having a medium HDI [Human Developmen, Index
although the studies took place in the United States and New Zealand (both high-HDI),
respectively.” Similarly, Black Americans could be classifiedasd in a medium-HDI
context: although Black Americans live in a very wealthy nation, legatigt®oned
mechanisms barred them from full participation in American social and ecohfamintil

well into the twentieth century (95).
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Moreover, the divergent associations between socioeconomic status and obesity
observed in young U.S. Blacks (men: positive; women: inverse) resemble thoseditienm
HDI country in the midst of rapid nutrition transition. In these countries, the obesitgrbu
shifts from high-socioeconomic-status individuals to those of low socioecontahis £92).
This shift generally occurs in women before it occurs in men (89, 92, 96). Thus, for a time,
women'’s obesity prevalence may be inversely associated with socioecotetosonghile
men’s obesity prevalence may retain its positive association. Further, ag plbaslence
stabilizes or decreases among women of high socioeconomic status, it may dontinue
increase among men, causing the gender gap to decrease. However, osr3bheg/ears,
the magnitude of the obesity gender disparity among U.S. Black adults has naselé¢k
6). Further research should explore if Black Americans’ obesity patternsrcotd the
model we observe in rapidly developing medium-HDI nations.

Future studies of differential susceptibility to obesity by sex may helpplaiexhe
gender disparity seen in U.S. Blacks, particularly those from low socioeconomi
backgrounds. We hypothesize that, in obesogenic environments, women may be more
physiologically susceptible to obesity then men. Genetic studies in Europegleshave
provided evidence that obesity risk may be under different genetic regulation envemu
men (97). In addition, in most countries with rapidly increasing obesity prevaleocen
develop obesity at a greater rate than men (90, 94). The same is true evenYohiteS (a
group who show little overall gender disparity) when they live in moderately footlirese
households, which are thought to be particularly obesogenic (98, 99). Perhaps, in general,
women are more susceptible to obesity than men, but U.S. White women manage to achieve

obesity parity with their male counterparts due to intense social and ecqmessares to be
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thin. Indeed, at all levels of socioeconomic status, U.S. White women idealizecalgdy
small body size (100). This may be because in White women, more so than in any other U.S.
race/gender group, thinness is highly associated with wages and family iriciiihe (

Our results appear to differ from conclusions reached by a recent review, whic
argued that, in Blacks with less than a high school education, women had lower and men
higher obesity prevalence relative to other Black adults of the samer 8ayerhis
conclusion was based largely on Zhang and Wang'’s analysis of the 1999-2000 NHANES
dataset (102). Several aspects of that analysis differed from ours. Mdsy nibta 1999-

2000 NHANES analysis studied adults aged 20 to 60 years old (102), while the average age
of our cohort was about 21 years old; a previous study found age differences in the gender-
specific relationships between obesity and socioeconomic status for Black aauwits less

than 30 years old in comparison to older Black adults (82). In addition, the 1999-2000
NHANES analysis used odds ratios while we used prevalence differencesxémeyed an
adult’'s own educational attainment while we used parental education; theiti@auca
categories49™ grade; 18-12" grade; and college or higher] differed from ours [£g@ade;

some college; college degree; higher than college]; and their sampté Biaeks was

smaller than ours, resulting in more unstable estimates.

Our analysis is not without limitations. First, we examined a narrow age \naitge
young adulthood; our findings may not be generalizable to older adults. Second, we did not
investigate the respondent’s adult socioeconomic status independent of his orritsi pare
educational attainment; the age range examined is a highly complexdraigeriod, in
which it is difficult classify socioeconomic status independent of famibyrigin. Third, we

were limited to the variables collected by the parent study. For instaracef twr variables
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(family structure; number of minors in household) were time-varying, but weeaamined
them during adolescence; perhaps examination at a younger age or of curen|atisure
over a longer period would have given different results. Further, compared to t@sis of
effects in datasets of the same size, tests of modification tend to havelselatv power,
which would increase the likelihood of failing to detect an association (103, 104)yFinal
there was a possibility of differential selection bias by gender, ieigeamong Blacks.
Only students enrolled in school were eligible for the study, and Black nrale®ut of
school at a higher rate than Black females. Further, fewer Black nsplansents than
female respondents were retained in the young adult follow-up sample. Howdser, A
Health’s sample weights are designed to account for this differentigbldsiow-up.

Our study offers many strengths. To our knowledge, Add Health is the only
nationally representative dataset with an adequate sample size andydoferariables
suitable for this work. Further, Blacks with college-educated parents wereuonxes!,
which allowed us to produce relatively precise estimates for parentakieduda addition,
we had access to both individual-level (reported by the respondents) and housetiold-le
(reported by the respondents as well as their parents) variables, whighirsaatudy of
this size. Height and weight data were measured by trained staff.i$lestidence that
associations between obesity and SES differ when anthropometric ds¢df-aeported
rather than measured (93). Additionally, retention rates were good over theyseve
follow-up period. Finally, our analysis of effect modification of prevalencereéifiees
allowed us to make meaningful comparisons across race and across exposuesyariabl

It remains a puzzle why Black boys and girls from similar genetmily, and

community backgrounds have such different risks of developing obesity in young adulthood.
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In low-SES families, it is apparent that Black sons and daughters eithevadpgifferent

and gender-specific obesity-related behaviors or that obesity developmeisttbcough
different mechanisms for these young women and men. We found that parental education,
but not other examined family factors, strongly predicted the degree to which obesity
prevalence differed by gender. Perhaps, community characteri$iesires socioeconomic
status are more important than within-family dynamics in explainingabeg/adult gender
difference in obesity prevalence. Future research on the causes undédytegades-old
gender difference in obesity prevalence among U.S. Blacks should espexcdatine
mechanisms by which behavioral and community characteristics of Blachddw-SES
families may differentially affect obesity risk in males and feasauring adolescence and

young adulthood.
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Tables and Figures

Table 3.Characteristics of the analysis sample, adjusted for sampling desigBlatiSand

White young adults, National Longitudinal Study of Adolescent Health, 2001-02

Black White

females males females males

n=1,153 n=943 n=2,909 n=2,742

oL (n)z ot (n)z ot (n)z %% (n)z
Mean of age (yrs) 21.39 21.67 21.15 21.45
Obese 35.6 (355)  23.7 (207) 21.6 (597) 20.7 (546)
Parental education
<HS 21.0 (191) 15.3 (94) 9.2 (268) 8.9 (220)
HS graduate 37.3(337) 36.7(283) 33.7 (971) 32.8 (880)
some college 245 (302) 27.0(282) 29.6 (855) 31.3 (861)
college grad 17.2 (323)  21.1(284) 27.6 (815) 27.0 (781)
Family structure
Single mother 44.6 (490) 44.9 (381) 15.6 (451) 14.4 (390)
Two biological parents 32.8(399) 28.3(335) 63.2 (1812) 65.0 (1741)
Two parents, 21 non-bio 12.6 (158) 14.6 (146) 18.0 (554) 17.6 (538)
Other 10.0 (106) 12.2 (81) 3.2 (92) 3.0 (73)
Mom's age at birth (years)
<19 13.2 (125) 12.9 (96) 5.4 (168) 6.4 (159)
19-24 37.9(434)  40.8 (358) 35.1 (1034) 38.3 (1023)
25-34 37.9 (473)  33.5(375) 52.8(1518)  48.4 (1377)
35-44 8.8 (93) 8.9 (86) 5.6 (162) 5.9 (157)
>45 2.3 (28) 4.0 (28) 1.1 (27) 1.0 (26)

48



# children in household

24

# children in full -sibship

1

2

24

Birth order

First-born

Second-born

Third-born

>Fourth-born

25.3 (266)
33.3 (389)
18.8 (255)

22.6 (243)

28.0 (306)
30.5 (381)
20.6 (241)

21.1 (225)

53.7 (609)
25.0 (315)
11.1 (126)

10.2 (103)

25.8 (238)
32.3 (335)
21.5 (213)

20.4 (157)

31.0 (259)
28.3 (284)
18.8 (207)

22.0 (193)

54.3 (478)
24.2 (252)
12.4 (125)

9.1 (88)

26.7 (701)
43.9 (1266)
20.1 (645)

9.3 (297)

20.6 (543)
40.8 (1190)
25.9 (767)

12.7 (409)

52.5 (1474)
31.3 (932)
11.6 (359)

4.6 (144)

27.0 (703)
41.3 (1147)
21.7 (605)

10.0 (287)

17.5 (463)
41.1 (1114)
26.9 (736)

14.5 (429)

52.3 (1386)
31.0 (875)
11.0 (320)

5.7 (161)

percentages are weighted for oversampling and corrected for losssto-fdland are

nationally representative.

“Numbers are absolute unadjusted numbers in each stratum.
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Table 4.Unadjusted obesity prevalence and prevalence differefaresomen and men

stratified by race and childhood family exposures, U.S. Black and White yduftg,a

National Longitudinal Study of Adolescent Health, 2001-02

Black White
prevalence prevalence
females males difference females males difference
% points % points
% % % %
(sef (sef

Overall 35.6 23.7 11.9 (2.4) 21.6 20.7 0.9 (1.4)
Parental
education
<HS 45.4 16.7 28.8 (6.5) 41.3 27.5 13.8 (6.1)
HS graduate 30.3 23.6 6.7 (4.0) 23.9 222 1.7 (2.4)
some college 38.2 24.2 14.0 (5.6) 20.2 20.7 -0.4 (2.1)
college graduate 31.4 28.5 2.9 (4.8) 13.9 16.7 -2.8(2.1)
Family structure
Single mother 37.4 22.4 15.0 (4.5) 24.6 20.3 4.3(3.2)
Two biological
parents 35.8 24.5 11.2 (3.5) 21.1 20.6 0.5 (1.8)
Two parents, =1
non-bio 32.1 20.8 11.3 (7.0) 20.1 21.7 -1.5(3.1)
Other 315 30.5 1.0 (9.6) 26.3 19.4 6.9 (8.9)
Mom's age at
birth (yrs)
<19 39.1 26.7 12.4 (9.7) 34.7 23.5 11.2 (6.0)
19-24 35.9 22.9 13.1 (4.2) 23.0 22.3 0.8 (2.3)

50



25-34

35-44

245

# children in

household

1

2

24

# children in full -

sibship
1

2

24

Birth order
First-born
Second-born
Third-born

>Fourth-born

34.4

28.1

58.7

32.9

38.3

314

38.2

32.0

45.1

26.9

35.1

37.4

33.7

29.4

37.5

25.2

13.3

34.0

25.0

27.7

21.7

17.9

214

28.9

24.9

194

21.9

32.0

13.6

26.2

9.2 (3.8)
14.8 (7.9)

24.7 (16.7)

7.8 (5.9)
10.6 (5.4)
9.6 (5.5)

20.3 (5.6)

10.6 (4.5)
16.2 (5.3)
2.0 (5.9)

15.7 (6.7)

15.5 (3.0)
1.6 (5.1)
15.8 (5.8)

11.3 (10.8)

18.3

29.1

37.9

24.9

21.8

171

21.2

211

20.8

21.4

25.9

20.8

20.0

26.7

29.3

19.3

19.3

18.7

20.2

22.7

18.8

18.1

22.0

211

20.5

18.5

22.2

19.0

19.9

17.9

-1.1 (1.8)
9.9 (5.8)

19.2 (14.8)

4.7 (2.8)
-0.8(2.3)
-1.7 (3.3)

3.1 (5.6)

-0.9 (3.2)
-0.3(2.3)
0.9 (2.4)

7.3 (3.7)

1.4 (2.2)
1.1(2.2)
6.8 (4.1)

11.5 (6.4)

Al prevalence and prevalence difference statistics are weighted fitzanveling and

corrected for loss-to-follow up and are nationally representative.

“percentage points and standard errors
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FIGURES 1-5. Estimated multivariable-adjusted differences in obesity prevalense et
women and men by race and childhood family exposures, U.S. Black and White young

adults, National Longitudinal Study of Adolescent Health, 2001-2602

'Error bars are 95% confidence intervals.
P-values are race-specific tests of modification of the obesity prevaléference by each

exposure variable.
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Figure 1: Gender disparity and parental education
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Table 5.Contributions of population sub-groups, defined by childhood family
characteristics, to the female-male disparity in obesity prevalangss. Black and White

young adults, National Longitudinal Study of Adolescent Health, 2001-02

Black White
Contribution to gender gap Contribution to gender gap
percentage points percentage points
(percenty (percent)
unadjusted multivariable unadjusted multivariable
% model model % model model

Total 100.0 11.9(100)  12.5(100) 100.0 0.9 (100) 0.4 (100)
Parental education
<HS 18.1 5.2 (44) 5.1 (41) 9.0 1.2 (46) 0.9 (53)
HS graduate 37.0 2.5 (21) 2.9 (23) 33.2 0.6 (21) 0.3 (20)
some college 25.7 3.6 (30) 3.7 (30) 30.5 -0.1 (-5) -0.1 (-6)
college graduate 19.1 0.6 (5) 0.7 (6) 27.3 -0.8(-28) -0.4 (-21)
Family structure
Single mother 44.8 6.7 (57) 6.7 (46) 15.0 0.6 (44) 0.7 (48)
Two biological parents 30.5 3.4 (29) 5.2 (36) 64.1 0.3 (23) 0.3 (18)
Two parents, 21 non-
biological 13.6 1.5 (13) 1.7 (12) 17.8  -0.3(-19) -0.4 (-25)
Other 11.1 0.1 (1) -0.9 (-6) 3.1 0.2 (15) -0.1 (-9)
Female caregiver’s
age at child’s birth
(years)
<19 13.1 1.6 (13) 1.1 (9) 5.9 0.7 (29) 0.7 (24)
19-24 39.3 5.1 (42) 4.7 (38) 36.7 0.3 (12) 0.6 (20)
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25-34 357  3.3(27) 3.6 (29) 50.6  -0.5(-24) -1.1(-38)
35-44 8.8  1.3(11) 1.7 (14) 57 0.6 (25) 0.3 (11)
>45 3.1 0.8 (6) 1.2 (10) 1.1 0.2 (9) 0.2 (6)

# kids in household

1 255  2.0(17) 2.1(17) 26.9  1.3(56) 0.9 (56)
2 328  3.5(29) 4.1(33) 426  -0.4(-16) -0.2 (-14)
3 202 1.9(16) 2.1(17) 20.9  -0.4(-15) -0.3 (-21)
24 215  4.4(37) 4.1(33) 97  03(13) 0.1(9)

# children in full -

sibship

1 29.5 3.1(27) 19.0 -0.2 (-12)

2 29.4 4.8 (41) 41.0 0.1 (-7)

3 19.7 0.4 (3) 26.4 0.2 (15)

>4 21.5 3.4 (29) 13.6 1.0 (66)

Birth order

First-born 54.0 8.4 (71) 9.0 (75) 524  -0.7 (-30) -1.3 (-42)
Second-born 24.6 0.4 (3) 0.6 (5) 31.2 0.3 (14) 0.5 (15)
Third-born 11.8 1.9 (16) 1.9 (16) 11.3 0.8 (32) 0.8 (26)
=>Fourth-born 9.7 1.1 (9) 0.6 (5) 5.2 0.6 (25) 0.5 (17)

due to rounding, may not add up to marginal female-male prevalence difference
“divided by sum of absolute values of stratum-specific contributions
*Population weights are race-specific averages of males’ andei€ralvariate population

distributions, adjusted for Add Health’'s complex survey design.
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Aim 2. Contributions of adolescent and parental beh aviors

Abstract

Background: In the United States, Black women are at much greater risk for obesity than
Black men. Differences in childhood behaviors may underlie this disp@bjgctive: We
explored whether adolescent behaviors (family dinners, hours of television godpygirts

with mother, playing sports with father, bouts of physical activity) wss®ciated with
gender disparity in obesity incidence in U.S. Black and White young aDekgyn: Data

were from the nationally representative National Longitudinal Study ofe&dent Health.
Behaviors were assessed in non-immigrant Black (n=1,503) and White (n=4,452)igouths
1994-95 (aged 11-19 years) and 1995-96 (aged 12-20). Gender disparity (female obesity
incidence minus male obesity incidence) was measured in 2001-02 (aged 18-26). We
produced race- and gender-stratified covariate-adjusted estimatesaéiisss between
behaviors and obesity using logistic regression and then evaluated whettardizng

Black males and females to the same distributions of adolescent behaviors rhdwsizel of
Blacks’ predicted gender disparifgesults: Black females reported less leisure-time
physical activity and lower likelihood of playing sports with either patesnt tlid Black
males. Standardizing behaviors did not reduce the estimated gender dispzbégity
incidence (non-behavior-standardized: 9.8 percentage points [95% CI: 4.5, 15.1]; fully-
standardized: 10.2 percentage points [5.2, 13R®$cussion:To our knowledge, this study

is the first to examine to what extent behavioral differences might accowgerider



disparity in obesity prevalence in Black young adults. Male-femalerdiites in the

adolescent behaviors examined did not appear to underlie the obesity gender gap

Introduction

In the United States (U.S.), Black women are at much greater obesity risk dté&n Bl
men. In fact, the gender disparity in obesity between Black women and men isangech |
than the racial disparity between Blacks and Whites (4). In the 1999-2002 N bi&ztith
and Nutrition Examination Survey (NHANES), the gender difference in obesitalence
in Blacks was 21.1 percentage points: 49.0% of Black women were obese while only 27.9%
of Black men were obese (4). In Whites, there was virtually no gender disBarit9b of
women were obese; 28.2% of men were obese (4).

Although the gender gap in obesity prevalence in Blacks is well-known, thebedéras
very little research exploring the causes of this disparity. Usingmedly representative
data, we have shown that the gender difference in obesity prevalence was pronounced even
in young adults: obesity prevalence in young Black women was 11.9 percentage points
[se=2.4] greater than in young Black men (81). Although there was no gender disparity
young White adults overall, a gender gap was observed in those whose parents did not
complete high school. The gender gap in these White young adults was 13.8 percentage
points (se=6.1): 41.3% of females were obese versus 27.5% (81). The gap was twigee as la
in Black young adults whose parents did not complete high school: 45.4% of these women
were obese versus 16.7% of the men (81).

The association between obesity gender disparity and the educational backgfounds
young adults’ parents provides some insight but fails why males and fénoahesimilar
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socioeconomic backgrounds should have dramatically different obesity riskspér dee
understanding of the causes of the disparity are needed in order to identify behargetal

for intervention. We used data from a nationally representative prospeutioe study of

U.S. adolescents followed into young adulthood to investigate behavioral factorsgihtat m
contribute to gender disparities in obesity prevalence. Although we studied bdtraBthc

White young adults, our focus was on the Blacks, in whom the disparity is mueh lAfg
examined whether behaviors during adolescence helped to explain the geedench

observed in young adults. The adolescent behaviors examined included family dinners, hours
of television, playing sports with mother, playing sports with father, and boutysitph

activity.

Methods

Population: The National Longitudinal Sudy of Adolescent Health (Add Health)

Data were from the Add Health cohort, which began as a nationally representat
survey of all U.S. public and private school students enrolled in grades 7 through 12 in 1994-
1995. The survey was cluster-sampled by school and oversampled some subgroups,
including Black students with a parent who had completed college or attainedssiorcdé
degree. The Add Health survey focused on adolescent risk behaviors and included a wealth
of behavior data.

At wave | (1994-95), detailed questionnaires were administered to each stadé¢ot

the student’s primary in-residence caregiver, preferentially aleerAt the wave Il visit
(1995-96), all students except those who were in twelfth grade at wave tev@terviewed,

and height and weight were measured. For the present study, exposure variagbles we
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collected at wave | or wave Il. At wave 1l (2001-02), all study respondemteyed at wave
| were re-interviewed; height and weight were measured for the second time
Exclusions

The sample was limited to those eligible to be interviewed at all threg\ssits, e.g.,
those in twelfth grade at wave | were not interviewed at wave Il and tnesexcluded from
our analysis. Also, we restricted the analysis sample to non-Hispanic Bladk&hites
(defined by a combination of child self-report and parent self-report d&jjawBo had at
least one parent born in the United States, because the health behaviors and obesity
prevalence of foreign-born Black adults are different than in U.S.-born BlaG%s106).
Behavioral pathways leading to obesity gender disparity may differ as well

Overall, 71.6% of those eligible for follow-up at waves Il and Il parti@gdah both
follow-up interviews (74.2% of Black females; 64.3% of Black males, 75.8% of White
females, 68.9% of White males). Of these 7,679 respondents, 9.4% were excluded for one or
more of the following reasons: outside the desired age range (0.1%); missimgebasel
exposure or covariate information (5.9%); and missing measured and selfddyogiet or
weight at 1-year or 7-year follow-up (1.3%). 3.6% were excluded because treey we
pregnant at either weighing (8.4% of Black women, 5.9% of White women). Pelfed
height or weight was substituted for missing measured data for 1.3% of resgatdeave
Il and for 4.3% of respondents at wave lll. Finally, 1,063 (13.8%) of eligible respisnde
were excluded because they were already obese at wave Il and thus kRdbain@dent
obesity. The final analysis sample consisted of 1,503 Black and 4,452 White respondent

Outcomes
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The main outcome was gender disparity in young adult obesity incidence: female
obesity incidence minus male obesity incidence. Incident obesity wasedsgésvave 11l in
those who were non-obese at wave Il. Pre-existing wave |l obesity wasdlaf body mass
index (BMI)> 95" percentile of the age- and sex-specific CDC 2000 cutpoint or BMI > 30.0
kg/m? (78). Incident obesity at wave 11l was defined as BMBO kg/nf (79).

Exposures: family and adolescent behaviors

The five adolescent behaviors examined were self-reported by the respontent on
Add Health wave | and wave Il in-home questionnaires. The behaviors wérequency of
dinners with a parent present (how many days in the past week a parent was presgnt duri
the respondent’s evening meal, average of wave | and wave Il); (2) houes/Hde-
viewing (number of hours the respondent watched television in a typical weekllw&se
sports participation with a biological mother or resident female caregwetlier
respondent reported playing a sport with the parent in the past month at either waraee or
I); (4) sports participation with a biological father or resident malegraer (whether
respondent reported playing a sport with the parent in the past month at either waaee or
I); and (5) frequency of leisure-time moderate-to-vigorous physit@itgd MVPA)

(MVPA score, average of wave | and wave Il scores). The MVPA scargeddrom 0 to 9

and were the sums of responses to 3 questions (scored from 0 to 3) about the past week’s
engagement in selected activities of 5-8 metabolic equivalents (METs)aceve“sports,”
“exercise,” and skating/biking. The three questions was scored accordepptted

frequency of the selected activities: 0 for “0 times per week”, 1 for “idiper week”, 2

for “3-4 times per week,” and 3 for “5 or more times per week”.

Covariates
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Parental education, based on adolescent and parental report, was defined as the
highest education attained by either of the respondent’s biological parestsiaie$igh
school graduate; high school graduate; vocational degree or some college; eraolleg
professional degree (61). Age at last birthday was modeled categoricalyear
increments. When small samples sizes did not support 1-year incrememisteggeies were
collapsed into 2-year or 3-year groupings. Gender, which we conceptualizedaastthe
expression of sex-chromosome-determined biological traits and culturedhiyngdeed sex-
specific roles and behaviors (86), was defined by a variable for biolegixal
Data analysis

All variables were analyzed as nominal categorical variables. Adlwesre adjusted for
Add Health’'s complex sampling design and weighted to correct for loss-tovfal (83).
Chi-square tests were used to evaluate whether the distributions of the behaaievari
differed by gender in each race group.

We examined the female-male difference in obesity incidence beforetand af
standardizing for the behavior exposure variables. “Behavior-standardizesifyobe
incidences were calculated separately for males and femalescuosiifigients generated by
multivariable-adjusted logistic regression. Logistic regression raadale race-stratified
with obesity at wave lll as the dependent variable and age, parental eduaat gender as
covariates. In addition, interactions with gender were included for all vasidbketo
previous evidence of gender-specific effects of obesity risk factors (28, 81/82)pted to
use gender interactions with males and females in the same regression atbdethan run
gender-stratified models in order to facilitate calculation of 95% confeleriervals for the

female-male incidence difference.
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The coefficients obtained from the logistic regression models were used toafoem
and gender-specific equations for the calculation of standardized obesity insidartbese
formulas, values of each categorical covariate and exposure variablestveréhe race-
specific average of the proportion of male and female respondents in that catégsrythe
proportion of respondents in each category of every variable was set to theadaerfer
males and females of the same race group. We then calculated incid&areachs as the
standardized obesity incidence in females minus that in males. For instance,itgn obes
incidence difference of O represented equal projected obesity incigermoeri and women.
Greater than 0 indicated that women were projected to be more likely to becaeglese
than O indicated that men were more likely to become obese. The 95% confidencésinterva
for the incidence differences were calculated using the delta method (83).

In addition, we calculated standardized incidence differences in Black&laites
whose parents did not complete high school. This was done because gender disparity in

obesity prevalence in Black and White young adults is largest at low pgaéuatation.

Results

The distributions of age, parental education, and weight status before exclusien of t
students who were obese in adolescence are shown in Table 6. Adolescentsighill we
status categories were included in this table in order to display reprasedisiributions of
weight status in adolescence and young adulthood. Parents of Black adolescentetended t
have lower educational attainment than parents of White adolescents. Aeexpéatk
females were more likely than Black males to be obese in both adolescence and youn

adulthood. Among Whites, males were more likely than females to be obese inaut#esc
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however, by young adulthood, the prevalence of obesity was similar in young méhee

and females. Over the 6-year follow-up period, the estimated incidenceitéeior obesity

in Blacks was 8.9 percentage points (95% CI: 3.8, 14.0); the incidence difference in Whites
was -1.1 percentage points (-1.3, 3.5).

Table 7 shows the distributions of behavioral characteristics in the mairsianaly
sample, in which respondents who were obese in adolescence were excluded. Inntfhites a
Blacks, boys reported more bouts of leisure-time physical activity thisragd were more
likely to report sport with a male parent. White boys reported watching movesiahethan
White girls. In Blacks, there was no gender difference in television+wggviut Black boys
and girls as a group reported watching more television than either White kgpsis.or

To assess the degree to which behavioral differences might contribute to thegggnder
in obesity in Blacks, we computed obesity incidence differences that wedasteed for
each behavioral variable (Table 8). We compared each behavior-staadangidence
difference to the incidence difference that was standardized for onlydgzeental
education. In Blacks, there was little suggestion that setting males arlddeantne same
behavioral distributions resulted in a smaller gender difference in themuadf obesity,
even when all behavior variables were included at once (Table 8). If gefidegrdies in the
adolescent behaviors were important determinants of the obesity gender gap, tlerdve w
expect the “behavior-standardized” incidence differences to be smalehthacidence
differences not standardized for behavior. This was not seen in our analyses.

We also computed standardized incidence differences for young men and women
whose parents did not complete high school. The incidence differences were computed using

the same logistic models described above, but, for all respondents, parentabedvastet
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to “less than high school graduate.” For this group of Blacks, the incidenceidéer
standardized for all behaviors (28.8 percentage points [95% CI: 13.3, 44.2]) was similar t

the incidence difference standardized only for age (26.6 [95% CI: 12.9, 40.4]). The same was
true in Whites whose parents did not complete high school: the fully behavior-standardized
incidence difference was 14.9 percentage points (95% CI: 3.2, 26.7); the age-staddardiz

incidence difference was similar: 12.3 percentage points (95% CI: -0.7, 25.4).

Discussion

The adolescent behaviors examined here did not appear to contribute to the higher
incidence of obesity in young Black women versus young Black men. If géifigeences
in these behaviors contributed to the young adult obesity gender gap, one wouldBégect
girls to eat family dinners less frequently, watch more television, béikegsto do sports
with their parents, or do less leisure-time physical activity than Blagk Gdvere were no
gender differences in family dinners or television-viewing, but Bladk did engage in less
leisure-time physical activity, were less likely to participate intspeith a mother, and were
less likely to participate in sports with a father.

Nevertheless, setting these three physical activity-related varitblee same
distributions for males and females did not make the obesity gender gap smallerag his
primarily because these variables were not strongly associatedbesity incidence over
the six-year follow-up period. Chi-square tests did not find associations betd@escant
physical activity score and obesity incidence for any of the fo@/gaader groups (p>0.20
in all groups). Sports participation with a father tended to be associated with lowity obe

incidence in Black men (34.2% of non-obese did sports with father versus only 24.9% in

65



obese; p=0.09) but slightly greater obesity incidence in Black women (16.0% of n@n-obes

did sports with father versus 19.3% in obese; p=0.48). Thus, setting males and feméles equa
for sports participation with a father tended to produce a slightly lardpar iditan smaller
predicted gender gap. Sports participation with a mother was weakly ésdaeith lower

obesity incidence in both Black males (p=0.55) and females (p=0.07), but sporipgtaotic
similar enough in males and females (15.8% and 10.4%, respectively) that thettmgqual

at the average value (13.1%) did not affect the predicted gender gap much.

Our hypothesis was that the examined behavioral factors were unequalbutkstiin
males and females, and this inequality contributed to the obesity gender gapeHowe
factors that are equally distributed in males and females could als@exefiuence on the
gender gap if the dose-response relationships between the factors and difesd,fdr
males and females. For instance, Whites showed no obesity gender gapelaltof¢he
behavioral factors (e.g., higher television-viewing, less sport withrfdtveer physical
activity score) were more common in White girls than in White boys. In Wheesleg
equity in obesity is achieved at levels of behavioral variables that are Uferguales and
females. It is possible, that in Blacks as well, gender equity in obesytpenachieved at
behavioral levels that are unequal for males and females.

There are important limitations of our work. First, the behavioral factors we
investigated were measured relatively late in childhood, in mid- t@atiakescence. Gender
differences in obesity risk may be established earlier in life. Second,ishevidence that
BMI classifies obesity more poorly in males than it does in females (80). Thusabysia
may underestimate obesity incidence in Black males, thereby awetsy the magnitude

of Black women’s excess of obesity incidence. Further, the exposure variagbéalhself-
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reported by the adolescent respondents and may not precisely reflect theghtavmrs. For
instance, the validity of self-reported measures for quantifying fp@etsn moderate or
vigorous physical activity is fair to moderate at best (107-110). Howeveshourself-
report questionnaire is likely to be similar in validity as more detailed @i€3. Our failure
to identify adolescent behavioral factors associated with the gender gdpbealue to
exposure measurement error or reverse causation. Another study limitatiatwvie tdid not
examine parental facilitation of sports involvement or parental modeling osport
involvement, which may be more important influences on physical activity than dire
participation with the parent. Finally, reverse causation, whereby aduoiesaéh a
propensity towards obesity may have adopted behaviors perceived to be protgttise a
obesity, may have obscured relationships between these factors and incident obesit
To our knowledge, our study is the first to explicitly investigate child and parenta
behaviors that might be associated with the male-female disparity in obesipppulation-
based sample of U.S. young adults Blacks. The dataset was nationallymgpresand had
sufficient sample size and diversity to allow stratified analysis by lacthand gender. In
addition, because Add Health is a longitudinal study, data were collected pnspeEnr
most respondents, height and weight were measured, which may be especiatigniipor
investigating gender differences in weight status since reporting dni@&s Wy gender (111).
Finally, our statistical analysis reported results using a measti@ssessed the gender
disparity on an absolute scale (112). This is notable because measuresvenameda
absolute scales often differ in the context of inter-group variation in risk; preabus
research on obesity in Blacks assessed risk on a relative scale. Another adobatag

measure was that it is “decomposable,” which allowed us to quantify how much of the
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disparity might be associated with differences in the distributions of thesagolt behaviors
in males versus females” (112).

A recent paper argues that few studies have evaluated how membership intdiffere
racial groups influences men’s and women'’s health differently (113). diogpto the
authors, failing to look at the interaction of race and gender presents two probkems: t
omission “leads to overgeneralizations about the association between gender and health
outcomes” and “tends to obscure important variations within racial/ethnic populations”
(113). This critique applies well to obesity research, in which it is common to aaljuaté
or gender as a covariate rather than stratifying by both factors.d=aljgintly investigate
race and gender as an obesity risk factor probably leads to overgeatierakbout
relationships between gender and obesity but also about race and obesity. Additdreadly,
the gender disparity in Blacks is obscured, factors underlying this geedeitinare not
directly addressed.

While our study found behaviors that differed by gender, the behaviors were not
strongly associated with obesity incidence. In fact, longitudinal studiesitiantified only a
few behaviors that predict excess weight gain in adolescents or yoursy @mhdtfactor
identified in adolescent girls is a fast rate of decline in physicalityctihe association is
independent of baseline physical activity level (27, 114, 115). Little is known albuede
in physical activity in Black adolescent males, but the dramatic rateslofedgcBlack
females (116) indicate that sharp declines in physical activity couldsbeiated with the
obesity gender gap in young Black adults. Another factor potentiallyiassavith the
gender gap in obesity incidence is fitness level. Lower fitness isiaigzbwith weight gain

in children and young adults, and Black girls and women appear to be less fitabkn Bl
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boys and men (117, 118). Other factors worthy of further investigation include Ilsteakfa
skipping (119, 120) and dieting behaviors, which are more common in females than males
and may predispose adolescents to excess weight gain (121). Finally ebessa@ations
between the gender gap and these factors may be dynamic as males arsdagendildure

work should examine the obesity gender gap over varying age ranges.

In conclusion, despite longstanding evidence of an obesity gender gap in dkK3, Bla
the behavioral factors underlying this disparity remain unclear. Begausg men and
women of the same ethnic group tend to live in similar neighborhoods and originate from
similar socioeconomic backgrounds, differences in socioeconomic position and rakident
environment cannot fully explain the existence of these gender differences qaaults
(113). Therefore, understanding the behavioral mechanisms underlying the gepalérydis
is critical for designing interventions to reduce excess obesity burden in Btaockgwomen
in the U.S. Additionally, the gender disparities observed offer a supplementary dieatk w
evaluating the potential of a novel putative obesity risk factor. For instarisk,faator that
is more common in young Black females than males, especially in low-gxtutzahilies,
might seem especially credible. Finally, relatively low obesity precalén young Black
men from low-parental-education families argues that poorer Blackdarare not
hopelessly obesogenic but may have unrecognized assets that can be |due igpesity

prevention.
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Tables

Table 6.Characteristics (mean or %) of the sample before exclusion of those obese in

adolescence, the National Longitudinal Study of Adolescent Health, 1995-96 and 2001-02

Black White

male female Male female

n=831 n=1,018 n=2499 n=2648

Mean age, years 216 213 21.4 21.2

Parental education (%)

<High school degree 17.0 16.1 9.3 5.1
High school graduate 32.8 41.0 30.5 30.9
Some college/vocational degree 29.4 23.4 31.0 30.4
College or professional degree 20.8 195 29.3 33.7

Weight status, adolescen(@é)*

Underweight 1.2 2.5 4.4 2.5
Normal-weight 63.9 56.0 63.7 72.8
Overweight 18.4 21.1 16.6 13.6
Obese 16.5 20.4 154 111

Weight status, young adulthood )

Underweight 1.3 3.2 2.6 4.4
Normal weight 48.3 35.5 45.8 55.5
Overweight 26.6 26.6 30.6 19.6
Obese 23.7 34.8 20.9 20.5
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Incident obesity in young adulthood 12.3 21.2 11.1 12.2

'Consistent with Expert Committee Recommendations Regarding the Poayenti
Assessment, and Treatment of Child and Adolescent Overweight and Obesity, Unldierweig
<5th percentile, age- and sex-specific CDC 2000 and BMI < 18.5; Normal-wdyhit>

5" percentile or BME 18.5) and (BMI < 88 percentile and BMI < 25.0); Overweight:

(BMI > 85" percentile or BMP 25.0) and (BMI < 98 percentile and BMI < 30.0); Obesity:
BMI > 95" percentile or BME 30.0 (78)

WHO/NIH cutpoints: BMI < 18.5, 18.5-24.9, 25.0-29:930.0 (79)

71



Table 7.Distributions (%) of behavioral variables in those non-obese as adolescents by ra

and gender, with tests for race-stratified gender differences, the Ndtangatudinal Study

of Adolescent Health, 1994-95 and 1995-96

Black White
p- p-
male female value male  female valué
n=700 n=803 n=2140 n=2312
Dinner with parent per week 0.40 0.33
0-2.5 36.9 321 14.2 15.8
3-4.5 32.2 314 22.0 23.7
5-6.5 16.4 19.3 34.8 32.3
7 14.6 17.3 29.0 28.3
Sport with mom 0.02 0.60
in past month 15.8 10.4 17.8 18.5
Sport with dad <0.01 <0.01
in past month 33.1 16.7 49.7 38.7
Bouts of MVPA per week <0.01 <0.01
0-15 7.1 22.0 10.4 16.5
2-35 31.1 49.6 29.3 39.4
4-5 34.5 19.3 27.8 26.3
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5.5+

Television hours per week

14 -18
19-21

22+

27.4

154

20.7

9.8

8.6

10.2

35.4

9.1

0.25

15.2

19.3

14.1

6.7

8.7

36.0

32.6

20.5

20.3

17.1

13.7

11.2

17.2

17.8

29.7

24.3

15.9

10.9

7.2

11.9

<0.01

p-values from chi-square tests of sex differences in distributions of catdg@riables
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Table 8.Incidence of young adults obesity among Black males and females who wereaserastadolescents, standardized for

adolescent behavioral characteristics, 2001-02

(A

Black White

Incidence Female Male Incidence Female Male
Standardization variables difference incidence  incidence difference incidence incidence

(95% CI) (se) (se) (95% CI) (se) (se)
Parental education and dge 9.8 (4.5, 15.1) 20.2 (2.2) 10.4 (1.5) 0.7(-1.5,3.00 11.3(0.9) 10.6(0.9)
Dinner with parent per weék 9.9 (4.7, 15.0) 20.2 (2.1) 10.3(1.4) 0.8(-1.5,3.00 11.3(0.9) 10.5(0.9
Sport with morf 9.2(4.1,14.4) 19.7(2.1) 10.4 (1.5) 0.8(-1.5,3.1) 11.3(0.9) 10.5(0.9)
Sport with dad 10.0 (4.8,15.2) 20.6 (2.1) 10.6 (1.5) 0.8(-1.5,3.1) 11.4(0.9) 10.6(0.9)
Bouts of MVPA per week 10.9 (5.7, 16.0) 20.9 (2.2) 10.1 (1.6) 0.8(-1.5,31) 11.1(0.9) 10.3(0.9
Television hours per weék 9.3(4.1, 14.6) 19.6 (2.1) 10.3 (1.5) 09(1.3,3.2) 11.4(0.9 10.4(0.9
All behavioral variables® 10.2 (5.2,15.2) 20.1(2.2) 9.8 (1.6) 1.1(-1.1,3.4) 11.3(0.9) 10.1(0.9)

! ogistic model: categorical age + parental education + sex + segty(ratal age + parental education). Ages 18 and 19 and ages 25

and 26 were collapsed into categories of 2-year increments.
Other independent variables in logistic model: categorical age + parentatieducsex + (sex*[categorical age]) + (sex*[parental
education]). Ages 18 and 19 and ages 25 and 26 were collapsed into categories of 2eysaniscr
3 Logistic model: categorical age + parental education + dinners per wsgktwith mom + sport with dad + bouts of physical

activity (adolescence) + bouts of physical activity (young adult) + housdeMision (adolescence) + hours of television (young adult)



S/

+ sex + sex* (categorical age + parental education + dinners per week wisiponom + sport with dad + bouts of physical activity
[adolescence] + bouts of physical activity [young adult] + hours of televiaawigscence] + hours of television [young adult])



Discussion

“It is also important to note that the shared-environment is the result of thezddgr
variability of environments that were observed in the sample, and, thereforeat ca
be used to infer the possible effects of altering the environment in which we all live
and that may vary only modestly among families.” -- Commentary on Wardle, J., et
al. 2008 (1). Musani, S.K., et al., American Journal of Clinical Nutrition 2008: 87(2):
275-76 (122).

Summary

We used innovative methodological approaches to study the gender digparity i
obesity prevalence in U.S. Black young adults. With the exception of parentatieduc
none of the childhood sociodemographic variables were strongly associated \gi¢imdiee
disparity. Thus, we believe that this research does not implicate differem&atadasocial
control in adolescence as a cause of the gender disparity in non-imngigreiaiyoung
adults. While young Black women from low-education families were at ttadegterisk of
obesity, young Black men from these same families appeared to beavdisé flisk. Male-
female differences in the examined adolescent behaviors did not appear teeuhderli
overall obesity gender gap in Blacks nor the especially large disparity anwhase parents

did not complete high school.

Methodologic considerations

In addition to the limitations and strengths discussed in the Aim 1 and Aim 2

manuscripts, below | highlight and expand on several considerations that are relevant t



future obesity gender disparity research. Our analyses indicateddbesses predicting
differential obesity incidence between young men and women begin beforelohedeence.
We found that being overweight in adolescence, a risk factor for incident olvesstynore
common in Black girls than Black boys (see Aim 2, Table 1). Further, adoleseanteight
was much more predictive of incident obesity in Black females than it wasdk Blaes
(see Table 12). While there was little gender difference in obesity imu@de those who
were normal-weight in adolescence, the gender disparity in the overweghmore than 30
percentage points. Thus, most of the gender disparity in incident young adult olassity
concentrated in those who were already overweight at our study’s baselinetukhtfy,
we were unable to extensively investigate behaviors leading to the gespheity in
adolescent overweight or to greater obesity risk for overweight adoldsosaies than
males. Future obesity gender disparity research should address these questions

In the present study, | defined obesity using nationally recognized BMI ntg{@B,
79, 123). There is evidence that BMI is both less specific and less sensitiveifgiolass
adiposity in males than in females (80). There is also evidence that the dtandar
cutpoints are not the most optimal ones for classifying excess adiposityanragn or
women (80). In general, this measurement error may tend to bias towards the null
associations between risk factors and excess weight, especially in men.

BMTI’s differential measurement error has implications for the studyentier
disparities in obesity. In general, a high of BMI cutpoint (e.g., BMO0.0) will be specific
in both men and women but less sensitive in men. Therefore, an analysis usin@@8MI
would tend to underestimate obesity incidence in Black males, thereby ovatesfithe

magnitude of the gender disparity (female risk minus male risk) in ®ac#sosity. Use of a
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low BMI cutpoint (e.g., BME 25.0) that is fairly sensitive in both men and women but less
specific in men will tend to underestimate gender disparity. Futurarobsshould examine
gender differences in obesity using more accurate measures of adipessty; using
measures, such as waist circumference, targeting other anthroparnatecteristics; and
performing sensitivity analyses to quantify the potential influence of mécneasurement
error. For instance, in analyses in which young adult “overweight” was tbenoeit
adolescent physical activity was positively associated with incident eighty(25.0< BMI

< 30.0) (see Table 9). | suspect this is because the overweight categorptwasgaien

who were active in sports and had high lean body mass.

The analytic strengths of my study also offer guidance for future olugsgsrity
research. My statistical analysis evaluated the gender disparity bsauta scale (112).
Measures on relative and absolute scales often differ in the context ofrmierv@riation in
risk. Because most previous research on obesity in Blacks assessed risk torea cale,
guantifying racial and gender disparities on an alternate metric addexisci¢htific
literature. The second advantage of my measure was that it was “decblagosais
feature allowed me to quantify how much of the disparity might be associdted wi
sociodemographic characteristics or differences in the distributions of tleseeiut
behaviors in males versus females” (112). An additional strength of my analtsat the
modeling strategy imposed many fewer modeling constraints than most paramalyses:
my strategy allowed for heterogeneity of exposure-outcomeaesdtips across gender and
non-linearity of the associations between exposures and obesity.

Additionally, | generalized my findings back to explicit target populatiarstrategy

which is relevant for public health decision-making. In Blacks or Whitesathett
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population of my analyses was U.S. young men and women who originated from similar
childhood families. Because studies often have a harder time recruitingriides,
especially low-SES Black males, into their studies, differential setebtas by gender is
often considerable in studies of U.S. Black populations. While the Black female samples
may be fairly representative of the source populations, the samples of Blackenodiear
skewed towards those with stronger social networks or of higher socioeconomanpésit
instance, a recent publication concluded that there was no gender differenceia tie r
obesity onset in a community sample of Black adolescents (124). However, lootkiag a
descriptive characteristics of the sample in the paper’'s Table 1, onesdhhr the boys
included in the study were much more likely than the girls in the study to be fror®Bigh
families. Because high-SES is positively associated with obesity ondecinl®ys, this
type of selection bias overestimates the prevalence of obesity in Blackandl®bscures
gender differences in obesity prevalence. Further, even selection bigsniatdifferential
for males and females biases estimates of the magnitude of the gender disptaniey
research should carefully define the target population being examined and takeaotd acc
bias induced by selection bias that is differentially associated with’ralk$emales’
obesity prevalence.

Another strength of my analysis is that | replicated all analyses iteWtwng adults.
Replicating analyses in a second population, one with different patterns of gefetendd
in exposure and outcome, leant more evidentiary weight to the main findings. Analyse
gender disparity in Whites confirmed two relationships observed in Blacks: tieaties of
obesity gender disparity with parental education and the lack of associdticadalescent

behaviors.
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Implications: obesity risk

Longitudinal analyses of population-based studies with measured anthropometric
outcomes have identified few behaviors that predict incident obesity or exeigbs gain in
adolescents and young adults. Using data from the biracial CARDIA studig &eal.
searched for factors associated with weight gain in a sample of 1&80lge over 7 years
of follow-up. Factors examined included intensity-weighted, questionnaire-deryesical
activity; parity; cigarette-smoking; alcohol intake; and a treadniile§s test (118). Only the
fitness test strongly predicted weight gain: In Black and White men and wawen, |
baseline fitness and a larger 7-year decrease in fitness predictgd gaen (118). Recent
evaluations of television-viewing and family dinners also failed to show lafggebn
excess weight gain (41, 71).

A common critique of longitudinal epidemiologic studies that find no relationship
between putative obesity-related behaviors and weight gain is that the Esurement of
the behaviors obscures true associations. While self-reported measurésnape af
surrogates for the underlying constructs being assessed, more agwaateges do not
necessarily find stronger associations. For instance, self-reportedgblagsicity is an
imperfect surrogate for energy expenditure or minutes of moderate or vigurysisal
activity (MVPA). However, several observational studies assessed pyensasured total
energy expenditure, using doubly labeled water, and objectively measured minutes of
MVPA, using accelerometers and heart rate monitors. The studies found that eis=iypre
measured energy expenditure (117, 125, 126) or objectively measured physiitgl(a2f -
129) do not appear to predict excess weight gain in adolescents or adults. Sithddey
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randomized trials for weight gain prevention in adolescents and young adwfsafaich

had physical activity components) were mixed in their findings (129-133). @amthis
unsupportive findings across observational, clinical, and experimental settiigaghahe
hypothesis that higher energy expenditure or minutes of activity peesens future weight
gain in contemporary populations of U.S. adolescents and young adults.

Contemporary epidemiology often employs a volitional behavior model of obesity
onset — whereby obesity-prone individuals make conscious decisions to engage in behaviors
that increase their risk of obesity — in explaining differences in obesitglpreee among
individuals or groups (1). An alternative to the volitional behavior model posits that, in an
obesogenic food environment, sub-conscious, non-volitional mechanisms predispose obesity-
prone individuals to be in positive energy balance. The concept of energy balanoe may
much more relevant in explaining secular trends and inter-group differencebelamrent
paradigm: consideration of either physical activity or energy intake asguine other factor
remains constant. Rather than framing U.S. obesity as a problem of too litg ene
expenditure, we might do better to articulate it as an inability to down-tegrnargy intake
accurately in an obesogenic food environment.

Environmental and physiologic forces that affect energy balance on a noanablit
basis may be more important than volitional decision-making in the development ty obesi
in general and in differential obesity incidence in young men and women cakgifi
Recent evidence indicates that the U.S. food environment has become so obesogenic that
small differences in energy expenditure do not explain much variation in obegitgrioei
In NHANES 1959-1962, height and BMI were inversely associated. However, by EHAN

2001-2004, that inverse association had weakened considerably in U.S. adults, disappearing
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in males (134). While the extra energy expenditure associated with dreigfetr probably
constrained weight gain in the past, today that additional energy expendituresappesar
much less of a constraint (134). In the U.S., cheap calories are so readdilaevemid
intake so encouraged that people easily compensate for extra energy expavithtut
consciously registering it. The most pressing question for obesity pavéntvhat factors
makes the environment so obesogenic. | believe that macroeconomic pricing sraictlire
intense food marketing are key factors contributing to the obesogenicity afrteatdood
environment.

The next most pressing questions are why some people are good and others bad at
matching intake to expenditure on a day-to-day, week-to-week basis and wnabbe
could help poor matchers achieve optimal energy balance? The observational@pgiemi
literature suggests possible answers to the second question. Certain fadtatisg
breakfast-skipping, restrictive dieting and eating patterns, exposure to &vketimg, and
low fitness levels, may exacerbate the impairment of physiological misamathat tend
towards energy balance and appropriate compensation of intake to expenditure. tlatctors
may influence energy balance along psychological and neurological patmehyde self-
efficacy associated with adopting habits perceived as healthful; emdieaitty; and buffers
against chronic stress (e.g., financial security, strong social networks)

Another factor that may improve regulation of energy balance is physicalyactot
— as usually assessed — by increasing energy expenditure but through psyahloéoggfits;
feelings of self-efficacy in weight regulation; or greater BeOne factor consistently
associated with impaired energy balance is a decrease in physidal.aéiven among very

physically active runners, any decrease in miles run was associdtedlerght gain (115).
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Even for highly active people, in a food environment as obesogenic as ours, it may be
difficult for the body to down-regulate energy intake to compensate sufficfentydden

decreases in energy expenditure.

Implications: gender disparity in obesity risk

Conceptualizing obesity as physiologically determined disregulation afyener
balance offers new ways to understand the obesity gender disparity in UKS. Biaxne of
the behaviors described above — dieting behaviors, lower fitness, rapid decrgrsesdal
activity — are more common in women than in men. In addition, cultural norms may
predispose women to positive energy balance because they spend more timegpiegehrin
and because coping mechanisms more common in men may be stigmatized more in women.
Additionally, from an evolutionary biology perspective, women may be moregogsially
predisposed to weight gain than are men because extra weight may be morsgadves
women than in men (135). Finally, chronic stress may disrupt the regulation of energ
balance differently in women than in men. In our study, the largest excesseslef fe
obesity in Whites and Blacks were observed in those at the lowest socioeconatimn pos
(81). In addition, in the U.S. extreme food insecurity are associated witkrgobasity in
women but lower obesity in men (98). Perhaps, through non-volitional alterations in energy
intake or expenditure, men and women respond differently physiologically to chrese. str
Another puzzle is why Black and White women show much more variation in obesity
prevalence by socioeconomic position than men do. It could be that women show more
variation in risk factors (like those described earlier) associated \gitbgdilation of energy

balance. Specifically, the greater variation in women by socioeconomiopasidly be
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because women are engaged in more dieting behavior, attempting to rely on cognitige
of energy balance and thus impairing physiologic regulation of energy balkmicgh-SEP
women, cognitive control may be a viable means of weight gain prevention. Vatthely
stronger cognitive skills, less chronic stress, more control of one’s esu@nment, more
economic resources, greater control over one’s time, and social support around weight
control (136), continual monitoring of food intake may somewhat effective as a means of
weight control. However, for women without these advantages attempts at cogntixe
are more likely to be unsustainable and ultimately self-defeating. Heaitiopon
strategies that rely on individual behavior change rather than changes to tharaenit
often exacerbate health disparities. The emphasis on self-control and individual
responsibility for weight control may be exacerbating economic disgainti®@besity in U.S.

women.

Conclusion

The great disparities observed between males and females from low-rdaoulies
provides further evidence that parental behavior may not play a large role in ecandmic
racial disparities in obesity risk. A focus on the volitional behaviors of childrerhaird t
parents may fail to address more salient factors influencing obesity @skabesogenic
environment like the U.S. Additionally, obesity prevention efforts that focus on cognitive
control of energy intake and expenditure may be much more effective in wediteduligh-
resource populations than in populations of less well-off people, thus exacerbating economi
disparities in obesity development. The large gender gap among low-educaiieesfdoes

offers one hopeful insight: obesity is not an inevitability for poor, Black cimldtesights
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into the environmental, physiologic, and behavioral underpinnings of differergidaten
of energy balance may be key to reducing economic-based, race-based, andhgsed

population disparities in obesity prevalence.
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Appendix A: Incident obesity and incident overweigh t, stratifying non-obese

adolescents by weight status

Table 9.Incidence of young-adult overweight (25@MI < 30.0) among males and females who were underweight or normal-

weight as adolescents, standardized to the same distributions of catdggraabral variables, 2001-02

98

BLACK WHITE
(n=1081) (n=3702)
Incidence Female Male Incidence Female Male
difference incidence incidence difference incidence incidence
Standardization variables % pts (95% CI) % (se) % (se) % pts (95% CI) % (se) % (se)
Parental education and dge 6.4 (-1.6,14.4) 32.4(2.3) 26.0(3.0) -10.6(-13.9,-7.3) 19.3(1.1) 29.9(1.3)
Dinner w/ parent / weék 6.1(-1.9,14.1) 32.3(2.3) 26.2(3.0) -10.6(-13.9,-7.3) 19.3(1.1) 29.9(1.3)
Sport with morf 6.6 (-1.1,14.2) 32.3(2.4) 24.7(29) -10.6(-13.9,-7.3) 19.3(1.1) 29.9(1.3)
Sport with dad 5.9 (-2.2,14.0) 32.0(2.3) 26.2(3.2) -10.0(-13.4,-6.5) 19.3(1.1) 29.2(1.3)

Moderate/vigorous bouts of 7.0(-0.1,14.9) 30.8(25) 239(3.00 -9.6(-13.3,-6.0)0 19.1(1.1) 28.7(1.4)
activity/week, adolescente

Television-viewing, 5.8(-2.3,14.0) 31.9(2.3) 26.1(3.0) -10.0(-13.3,-6.7) 19.3(1.1) 29.2 (1.3
adolescence
All behavioral variables® 52(-3.5,13.8) 29.2(26) 24.0(3.1) -87(-12.3,-5.0) 19.0(1.2) 27.7(1.4)

'L ogistic model: categorical age + parental education + sex + seety(rical age + parental education)

Other dependent variables in logistic model: categorical age + paremtatied + sex + sex*(categorical age) + sex*(parental
education)

3 Logistic model: categorical age + parental education + dinners pertsekt with mom + sport with dad + bouts of physical
activity (adolescence) + bouts of physical activity (young adult) + housdeMision (adolescence) + hours of television (young
adult) + sex + sex* (categorical age + parental education + dinners @erveport with mom + sport with dad + bouts of



L8

physical activity [adolescence] + bouts of physical activity [young heliiburs of television [adolescence] + hours of television
[young adult])
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Table 10.Incidence of young-adult obesity (BMI30.0) among Black males and females who were normal-weight as

adolescents, standardized for categorical behavioral variables, 2001-02

BLACK? WHITE
n=867 n=2818
Incidence Female Male Incidence Female Male
Standardization variables difference incidence incidence difference incidence incidence
(95% CI) (se) (se) (95% CI) (se) (se)
Parental education and age 0.3(-4.2,4.7) 8.6 (1.9) 8.3 (1.7) 0.7 (-1.5, 3.0) 6.8 (0.8) 6.1 (0.9)
Dinner w/ parent / weék 0.6 (-4.0,5.3) 8.4 (1.9) 7.8 (1.6) 0.7 (-1.5,2.9) 6.8 (0.8) 6.1 (0.9)
Sport with morf 0.3(-4.2,4.9) 8.4 (1.9) 8.1(1.7) 0.1(-2.1,2.4) 6.2 (0.8) 6.1 (0.9)
Sport with dad 0.2 (-4.3, 4.8) 8.7 (1.9) 8.5 (1.7) 0.8 (-1.5, 3.0) 6.9 (0.8) 6.1 (0.9)
Moderate/vigorous bouts of
activity/week, adolescente 0.0 (-5.1,5.1) 8.5 (2.0) 8.5(1.8) 0.5 (-1.7, 2.7) 6.3 (0.7) 5.8 (0.9)
Television-viewing, adqlescer?ce 6.6 (3.0, 10.2) 8.4 (1.9 1.8 (0.4) 1.0(-1.2, 3.2) 6.9 (0.8) 5.9 (0.9
All behavioral variables® 6.0 (1.8, 10.3) 7.5 (2.0) 1.5 (0.5) 0.3 (-1.8, 2.4) 5.9 (0.7) 5.6 (0.9)

®Because of small cell sizes, age categories 24, 25, and 26 were combined into one growmaisatfrBlacks.
!l ogistic model: categorical age + parental education + sex + seet(rical age + parental education)

2 . . . e . . . * . *

Other dependent variables in logistic model: categorical age + parentatieducsex + (sex*[categorical age]) + (sex*[parental

education])

% Logistic model: categorical age + parental education + dinners per wamktwith mom + sport with dad + bouts of physical
activity (adolescence) + bouts of physical activity (young adult) + housdesiigion (adolescence) + hours of television (young
adult) + sex + sex* (categorical age + parental education + dinners getwpert with mom + sport with dad + bouts of
physical activity [adolescence] + bouts of physical activity [young helliburs of television [adolescence] + hours of television

[young adult])
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Appendix B: Other combinations of weight status tra nsitions

Table 11.Incidence of young-adult overweight or obesity (BM25.0) among males and females who were underweight or

normal-weight as adolescents, standardized to the same distributions oficat&égtravioral variables, 2001-02

BLACK WHITE
(n=1171) (n=3702)
Incidence Female Male Incidence Female Male
difference incidence incidence difference incidence incidence
Standardization variables % pts (95% CI) % (se) % (se) % pts (95% CI) % (se) % (se)
Parental education and age 7.1(-1.1,153) 386(2.2) 315(3.1) -94(12.7,-6.1) 24.1(1.1) 335(1.3
Dinner w/ parent / weék 6.9 (-1.2,14.9) 38.6(2.2) 31.8(3.0) -9.3(-12.6,-6.1) 24.1(1.0) 33.5(1.3)
Sport with morf 7.0(-1.0,149) 385(2.2) 315(3.00 -95(-12.8,-6.2) 24.0(1.1) 335(1.3
Sport with dad 6.7 (-1.6,15.0) 38.7(2.2) 32.0(3.3) -8.8(-12.2,-5.4) 24.1(1.1) 32.9(1.3)
Moderate/vigorous bouts of 6.4 (-1.7,145) 37.4(22) 31.0(3.2) -8.8(-12.3,-5.2) 23.6(1.1) 32.4(1.5)

activity/week, adolescente
Television-viewing, adolescerfce 6.6 (-1.2, 14.5) 38.4(2.2) 31.8(3.0) -8.9(-12.1,-5.6) 24.1(1.0) 33.0(1.3)
All behavioral variables® 47(-3.2,12.7) 36.6(2.3) 31.8(3.2) -79(-115,-44) 237(1.1) 31.6(1.4)

'Logistic model: categorical age + parental education + sex + seety(zatal age + parental education)

Other dependent variables in logistic model: categorical age + parentatieducsex + sex*(categorical age) + sex*(parental
education)

3 Logistic model: categorical age + parental education + dinners per wsgktwith mom + sport with dad + bouts of physical
activity (adolescence) + bouts of physical activity (young adult) + housdeMision (adolescence) + hours of television (young
adult) + sex + sex* (categorical age + parental education + dinners getwpert with mom + sport with dad + bouts of
physical activity [adolescence] + bouts of physical activity [young heldiburs of television [adolescence] + hours of television
[young adult])



Table 12.Incidence of young-adult obesity (BMI30.0) among Black males and females who were overweight as adolescents,

standardized for categorical behavioral variables, 2001-02

06

BLACK WHITE
n=332 n=750
Incidence Female Male Incidence Female Male
Standardization variables difference incidence incidence difference incidence  incidence
(95% CI) (se) (se) (95% CI) (se) (se)
Parental education and age 32.6 (20.1,45.0) 56.1(4.5) 235(4.00 11.1(0.2,20.2) 47.3(3.5) 36.1 (3.5)
Dinner w/ parent / weék 35.1(23.3,46.9) 56.3(4.5) 21.3(44) 115(25,104) 475 (3.5 36.0 (3.4)
Sport with morf 31.1(18.5,43.7) 55.0(4.6) 239(4.1) 11.4(2.2,20.6) 47.3(3.5) 35.9 (3.5)
Sport with dad 33.7(21.9,455) 57.8(4.3) 24.1(3.9) 12.0(2.7,21.3) 48.1(3.6) 36.1 (3.5)
Moderate/vigorous bouts of 35.9(23.5,48.4) 58.3(4.6) 22.4(3.8) 12.3(2.7,21.8) 48.0(3.6) 35.8 (3.7)
activity/week, adolescente
Television-viewing, adqlescer?ce 35.2(22.6,47.7) 55.3(45) 20.1(4.2) 11.3(2.3,20.3) 47.2(3.4) 35.9 (3.5)
All behavioral variables’ 40.2 (28.9,51.5) 58.7(5.0) 185(4.3) 13.7(4.2,23.2) 48.7(3.5) 35.0 (3.6)

!l ogistic model: categorical age + parental education + sex + seety(ical age + parental education)
Other dependent variables in logistic model: categorical age + parentatieducsex + (sex*[categorical age]) + (sex*[parental

education])

3 Logistic model: categorical age + parental education + dinners pertsekt with mom + sport with dad + bouts of physical
activity (adolescence) + bouts of physical activity (young adult) + housdeMision (adolescence) + hours of television (young
adult) + sex + sex* (categorical age + parental education + dinners getwpert with mom + sport with dad + bouts of
physical activity [adolescence] + bouts of physical activity [young heliiburs of television [adolescence] + hours of television

[young adult])
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