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Abstract:

The channels contributing the intergeneratiomaorrelation in bodymass are not well
understood. Decomposition analysis is usedestimate the conbution of maternal
characteristics, household come, and adolesce behaviours retad to eating and
physical activity on the intergenerational coaten in BMI. The aalysis uses data on
mothers and their adolescent children agédto 15 from the Btish Household Panel
Survey (2004 and 2006).The overall intergnerational coglation in BM is 0.25.
Maternal educational attainment and adolescent participation in some form of physical
activity on a daily bsis are the largest contributingctors to the iergenerational
correlation in BMI. Maternal employment anabre than four hours a day of television
viewing by the adolescent are also important contributing factors. Overall, observable

characteristics explain 11.2% of the ngenerational corration in BMI.



|. Introduction

Worldwide adult obesyt rates have doued since 1980 (World Hidth Organisation 2011).
Obesity rates in children have been followmgimilar pattern with asity in children aged
11-15 in the UK increasingy 24% between 1995 and 20MNHS Information Centre 2012).

It is likely that this rise irobesity is not aased by genetics alone. The channels contributing
to correlated bodynass index (BMI) outcomes in familiese not well undersebd. As well

as shared genetic matd, rising obesity rate for these two groupsay arise from parents
and children reacting to the ma changing incentives and vemmnment, or from social

influence, where unh#thy behaviours may spad from parents to their children.

There is an extensive literature documentingirdargenerational caogfation in BMI. For
example, using data from 16@&ividuals and 409 families ewiled in theQuebec Family
Study the intergenerationatorrelation in BMI was foundto be 0.23for parents-
offspring(Bouchard et al. 198 Bouchard and Perusse 1994)ambs et al. (1991) using a
large dataset (n=4336 parent and offspringgirs) from Norway, foundhe intergnerational
correlation in BMI to be 0.20 which varied ldtloy parent or offspig age, suggesting a
stable effect of genesnd family environment throughouadulthood. Classen (2010)
investigates theintergenerational correlation of bodyass between parents and their
offspring when they were both the same ageweh 16 and 24 years old) using data from
the US National Longitudinal Stydf Youth. He finds a corration of 0.38 for mothers and
their daughters and a correlation of 0.32 for mothers and ddogiever, this research has
not investigated thepossible channels, s as family backgund and the shared

environment, by whicintergenerational relationships letdcorrelated BMI outcomes.



A general framework for unddgesding how different posdid channels may lead to
correlated outcomes was prged by Manski (1993), whauggested three potential non-
mutually exclusive avenues. €elations are influenced by shared individual characteristics
such as propensity to exercise; this maglude shared genetic composition leading to
correlated outcomes. The shared envirortnberth within and otside the household may
contribute to correlatedutcomes. For examplye availability of fat-food in the local area
and shared diet in the holrsdd may lead to correlated BMI outcomes in parents and
children.  Social ifluence may also lead to correddt BMI outcomesin parents and
children. Parents may influea the diet and exercise behaviour of their children via their

own attitudes and behaviours.

The influence of these three ainels on the intergenerational correlation in BMI have
different policy implications for reducing falyi obesity. For example, if the shared
environment influenced correlated BMI outconti@s would suggest that policy should focus
on facilitating healthy choices and a healthy emwnent. Whereas if ¢hsocial influence of
mothers explained a laggportion of the intergnerational correlatiom BMI policy should

be targeted at mother’'s behaviours and @miwhich would have spillover effect on her

children.

There is a growing literature in sociology and economics which has tried to identify the
importance of family backgroundn children’s weigt outcomes. Andson et al. (2007)
examine changes in the relationship between parent and offspring’s BMI for children aged
between 2 and 11 using datanfrdhe National Health and Nutrition Exaration Survey

from the US over the periotB71 to 2004. Téy find that correlatio between mother and

offspring BMI increase between 1971 ral 2004 suggesting thahared environmental



factors have become moiraportant in infuencing correlations in BM Martin (2008) uses
sibling data from the US National Longitudiraiudy of Adolescent Hdth and estimates a
structural equation model incorporating sibliggnetic characteristics tavestigate the role

of family’s social characteristics on adolescesmight. Specifically, M#in tests for shared
family lifestyle measuretbhy similarities in sibling megdatterns and physical activity, initial
development inequalities measured by birth weight, and family socio-economic
characteristics measured by parent's ation, parent’'s income, family size, and
immigration status. The rdsal indicate that family smal characteristics compound
biological weight tragctories and that the association between adolescent weight and

inactivity is embedded ithe family’s lifestyle.

Along a similar vein, there ka been a number of studies investigating how maternal
behaviours such as employment influenceirtichildren’s weightoutcomes (Anderson et
al.2003, Ruhm 2008). The findings suggesh positive relationsh between maternal
employment and their childrenbody weight for families froman advantagetiackground.
These children may havess opportunities for orgeéed sports or activieamily activities as
well as their mother’s havingds time to go foodr®pping and prepare Hdsy meals. It is
unclear whether maternal empiognt only affects dldren’s’ obesity or whether there is

also an effect omothers’ weight contributpto the intergenerationabrrelation in BMI.

Adolescent behaviours related to weightlsuas eating and exesei behaviour may be
learned from parents and thus contribute the intergenerational correlation in BMI.
Alternatively, eating and exercise behavionay be a mechanism lwhich children exert
their independence from their parents. Thhgse behaviours would nabntribute to the

intergenerational correlation in BMI. Theiie evidence that the take of fruits and



vegetables declines wieas the consumption of sugary drinks increases as individuals move
from childhood into adolescea. Growing independee, increased nureb of meals away
from home, the need for peer acceptance ang $elsedules has an effect on eating patterns

and food choices afdolescents (Stomt al. 2002).

This is the first paper that attempts to ittgnsome of the chanie contribding to the
intergenerational correlation in BMI using a novel decomposition method from quantitative
genetics (see for example Searle et al. 1@Z¥Midenko 2004); whichas not been widely
applied in economics. Gaining a better undeditay on how sociahnd economic factors
impact on the intgenerational correlation in BMI isnportant for developing effective
policies and interveions to stem the se in obesity and inequalifyom family obesity traps.

The decomposition analysis is performedngsdata on mothers and their adolescent
offspring (aged 11 to 15) from the British tis®hold Panel Survey (BHPS) waves 14 and 16
(2004 and 2006). We foswon the contribution ahaternal behaviound outcomes such as
employment status and educational attainmeotisehold income, anda@dscent behaviours
such as eating amhysical activity.

2. Method

Analysis

The first step of the atysis is to estimate the intergaational correlation in BMI using the
following formula (Goldberg 1989, &m et al. 1991, Mzumder 2008).

BMI, = X, +¢, @

The outcome of interest BMI where the subscriptdenotes individualg,indexes mothers,

and ¢ denotes time. The data stacked by generation andethadolescent’s personal
identification number isised to match mothers with their offspring. The standard errors are

adjusted using the cluster command in STATAatcount for multiplechildren by a single



mother. The vectorY,, contains age ahyear dummies to accoufur life cycle effects.
These variables are treated afdi effects and are removed fray), which is decomposed
to calculate the intergengi@nal correlation in BMI:

gy =a;tu; +vy, 2

The terms on the right hand side of equat(2) are treated asn@om effects that are

independent of each othMazumder2008). Leta, denote the component in BMI that is
common to all members of familg, Let u, denote the component BMI that is individual
specific and letv, be the transitory component that eefls noise eithedue to temporary
shocks to BMI or measement error. The variae of age-adjusted BME, is then:
cl=0’+0’+0?’ ®

where ¢ shows the variance in BMI tzomes that is due to differences between families,

the second termg’ shows the variance in BMI tzomes within families, and’is the

variance in the transitory term. The firstotwariance terms are e to calalate the

intergenerational aeelation in BMI,p.

p=—"— (4)

The intergenerational correlation BMI from equation (4) is equalent to the faction of the

overall variance in BMthat stems from shared fagnbackground and environment.

The variance components aestimated using a restrictadaximum likelihood (REML)
approach which has a number of advantages to using alternative decomposition techniques
such as ANOVA. REML allows fospatial and/or temporal correlations so it can be used for
repeated measure data. Additionally, it perraitshanging variance structure; the correlation

7



does not need to bemstant over time. This approach pidms consistent results when using
unbalanced data compar with ANOVA whichrequires balanced da{&earle et al. 1992,
Demidenko 2004). Adtonally, REML has theadvantage over a standaviL by including

an adjustment to control for the loss of dexg of freedom from estimation of the fixed

effects (Richardsoand Welsh 1995).

REML partials out the fixed edtts to maximise thikelihood that the reiduals contain the
random effects variance-canance structure. Itequires the assumption that the data are
normally distributed. Sample BMI is graped and found to bapproximately normally
distributed. Standard s are calculated using the bivariate deltahoe{Searle et al. 1992,

Demidenko 2004).

The contribution of the observabcharacteristics of maternamployment status, maternal
educational attainment, housethoincome, family meals, adedcent television viewing,
physical activity participation, and dietary its are calculated, tonderstand how they
affect the intergnerational correlation in BMI. Eackariable is separately added to the
vector.X in equation (1). This is treated asaditional fixed effect which is then removed
from the residuals for decomposition of thaigace components. I assumed that the

addition of these extra variaklshould reducthe residual variatiom BMI, producing lower

estimates of the variance in family BM&{" ) compared to a modektimated without their

inclusion (@?). The reduction in the variaa of the family components(* - 52" ) shows the

amount of variance in the family component tbah be attributed tthe contribution of the
variable in questian This provides arupper bound estimate of ehcontribution of the

maternal and adolescent characteristics Ugedt includes all omitted variables that are

correlated with the included fixed effts. For examplehe reduction inoc? from maternal
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employment status will also ffect unobserved faots such as motivation which may also
contribute to BMI and be correlated with t@anal employment statusThe change in the
variance in the familyomponent from each adidinal variabledivided by the denominator
in equation (1) which dy includes age and offsing gender shows theafttion ofthe overall

intergenerational correlan in BMI from the varable in question.

3. Data

The BHPS began in 1991as an annual survey of @pximately 5,500 nationally
representative private househglagere 10,000 indiduals aged 16 or @ér are surveyed.
The initial household selectionrfthe survey was datained by using a two-stage stratified
systematic sampling procedure designedgiee each address an approximately equal
probability of selection. The same individual® re-interviewed in €A wave. In Wave 9
(1999), two additional samples of 3000 househaldse recruied from Scotland and Wales
allowing for independent analysig the countries, and compariswith England. In Wave
11 (2001), an additiohaample from Northern Irelandf approximately 2000 households
was added to increaseethmepresentativeness of the samapdeoss the UK. From wave 4

(1994), a youth questionnaire feousehold members aged 11-15 watudedin the suvey.

The adult BHPS questionnaire covea wide range of topics including employment status,
wages and income, health status and edutat The youth BHPSjuestionnaire covers

health, health related behaviouopinions, and aspirations.

The analysis usagata from waves 14 arib (2004 and 20Q6of the BHPS ashese are the
only two waves to contain informtion on weight and height fdwoth mother and offspring.

The sample includes adolescemiso are between the ages of 11 and 15 and their mothers.



We use an unbalanced panel and all pregnamhen are omitted from the analysis. The

sample includes obsemans on 1540 @olescents and 1150others.

Body Mass Index (BMI)

The main outcome measure is BMI for math and adolescents calculated using self-
reported height and weight. BMI is currgnthe most commonly used method to measure
and grade obesity; it is calculated as weighdilmgrams divided by height in metres squared.
BMI is an anthropometric meaguthat indirectly reasures body fat. Direct measures of body
fat such as computeead tomography, magnetic resonanaajerwater weighingdual energy
x-ray absorpiometry, subscapular skinfold measents, and bioeleatal impedance are not
always readily available and are either expanso measure and/gequire highly trained
personnel. BMI is fountb be strongly coelated with direct meases of body fat, and other
indexes based upon height and weight do npeapto be superidior middle age adults
(Willet 1998). For childrenno additional information wea obtained from subscapular
skinfold measurememince BMI was accountefor (Mei et al. 2007)Thus, BMI provides a

meaningful outcome variable in our analysis.

The validity of self-reported height and weightasures in identiflgg obesity prevalence
rates has been widely discussed in the epiolegy and public health literature. In a
Scottish adult populain (aged 25-64) it wa®find that there was minimal reporting error in
BMI calculated from self-reported height and wsig It was also shown that the difference
between BMI calculated from maasd height and weight aBMI from self-repated height
and weight was not significantly different lmgcupational social cés, education, housing
tenure, smoking habitsdherence to a specialedj or levels of physal activity (Bolton-

Smith et al. 2000). Using tiafrom the US, a edinuous BMI measurealculated from self-
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reported height and weight wakown to be a reliable measudoe adults lesgshan 60 years

old (Kuczmarski eal. 2001).

Covariates

All equations control for maternal age amadolescent age and gemd To test the

contribution of maternal empyment status, maternal ectional attainment, log of
household income, adolesteating and physical activity baviour on the intergenerational
correlation in BMI each variable is added separatelgquation (1). A description of the

variables can beofind in Table 1.

Table 2 shows descriptive statistics for moshand children. The me&MI for mothers is
26.9 kg/nf which is classified as overweigliccording to the WB BMI classification
system (World Healti©rganisation 2011). Theean age of women is &lyears old. The
majority of mothers in the asgple are employed. The me&MI for adolescents in the
sample is 19.9 kg/fn The majority of adolescents paipiate in some healthy activities such
as eating fruit and physical activity daily. Thejondy of adolescents eatith their family at

least once a week.

4. Results

The results for the intergenerational correlatin BMI and the comibution of maternal,
household, and adolescecttaracteristics on i correlation are shown in Table 3. The
intergenerational correlation in BMI is 0.25. iJltorrelation coefficient is consistent with
the findings from other studies investigati the intergenerational correlation in BMI
(Bouchard et al1987, Tambs et al. 199Bouchard and Perusd®94). Adding maternal

educational attainment to ediaa (1) reducedhe variance inhe family canponent by 0.008
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explaining 3.1% of théentergenerational correlation in BMMaternal employment explains
1.6% of the intergenational correlation in BM Log of household icome does not explain
any of the intergenerational cdiaton in BMI. The &ove two results suggest that it may be
time influencing family meal choices and attas rather than thencome from maternal
employment impacting on the tergenerational correlation iBMI. This hypothesis is
consistent with the findings fne Anderson et al. (2003) that teenal workinghours over the
child’s lifetime was a significarfactor in the likelhood that the child wdd be overweight.
Next, looking at adoleso¢ behaviours retad to eating and exercidegving a family meal at
least once a week compardno family meals explainsTs, watching more than 4 hours of
TV a day explains 1.6%, eating some fruit atadly basis explains 1.2%, and participating in
some form of physical activity on a daily basexplains 3.1% of the intergenerational
correlation in BMI. Eating junkood and eating fasbbd at least oncewaeek do not explain
any of the intergenerati@al correlation in BMI. In tofa the observedrariables explain
approximately 11.2% ofhe intergeneational correlation in BMI. This suggests there are
economic and social factors cohtting to the intergeneratioheorrelation in BMI that can

be influenced by policy and interventions.

5. Conclusion

This study attempts to uncavihe importance of maternal afacteristics, household income,
and adolescent behaviours teth to eating habits andhysical actity on the
intergenerational correlation iBMI. Decomposition analysishows that these observable
characteristics and behaviourspkiin 11.2% of the intergendianal correlation in BMI.
The largest contbuting factors are maternal edtioaal attainment and whether the

adolescent participates some form of physicalctivity on a daily basisThe results suggest
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that maternal employment explains some efititergenerational correlation in BMI which is

equivalent to that ahe adolescent watatg four or more hours délevision a day.

It has been suggested that human capital ragtation makes individuals more efficient
producers of health and thuseth are increasing intergeneoail returns irparental human
capital (see for example Ben+th 1967, Becker al. 1990, and Roseweig and Wolpin
1994). Hence, reducing echtional inequalities or impwing maternal educational

attainment may also help torstk health inequalities stemmirigpm family obeity traps.

References:

Anderson PM, Butcher FEnd Schazenbach DM2007) Childhood dadvantage and
obesity: Is nurture tmping nature. NBERVorking Paper Series.

Anderson PM, Butcher KF arigevine PB. (2003) Maternamployment and overweight
children.Journal of Health Economics 22: 477-504.

Becker GS, Murphy KM and Tamura R990) Human capital, fality, and economic
growth.Journal of Political Economy 98: 512-537.

Ben-Porath Y. (1967) The prockion of human capital arttie lifecycle of earningSournal
of Political Economy 75: 362-365.

Bolton-Smith C, Woodward/, Tunstall-Pedoe H, et gR000) Accuracy othe estimated
prevalence of obesitydm self reported heigland weight in andult Scottish population.
Journal of Epidemiology and Community Health 54: 143-148.

Bouchard C and Perusse(lL994) Genetics of obégi In: Bouchard C (edyamily studies.
Boca Raton, FL: CRC Press, 79-92.

Bouchard C, Perusse Leblanc C, et al. (19§71nheritance othe amount andistribution of
human body fatlnternational Journal of Obesity 12: 205-215.

Classen TJ. (2010) Mea®s of the itergenerational transssion of body mass index
between mothers and their childriarthe United States 1981-200&conomics and Human
Biology 8: 30-43.

Demidenko E. (2004)ixed models: theory and application, New York: Wiley.

Goldberg AS. (1989) Economic @dmechanical models of infgenerational ansmission. .
American Economic Review 79. 504-513.

Kuczmarski RJ, Fanelli Mnd Najjar M. (2001) Eécts of age on valiti of self-reported
height, weight, and Body Massdex: findings from the Third National Health and Nutrition

13



Examination Swey 1988-1994/ournal of American Dietetic Association 101: 28-34.

Manski CF. (1993) Iddification of endogenaisocial effects: #nreflection problem. .
Review of Economic Studies 60: 531-542.

Martin MA. (2008) Thentergenerationatorrelation in weightHow genetic resemblance
reveals the social role of familie$merican Journal of Sociology 114: S67-S105.

Mazumder B. (2008) Sibling similaritiesnd economic ineqligy in the US.Journal of
Population Economics 21: 685-701.

Mei Z, Grummer-Strawn LM, Wang J, et &£007) Do skifold measurements provide
additional information to Bodass Index in the assessmefhbody fatness among children
and adolescentsPedatrics 119: 1306-1313.

NHS Information Centre (2013yatistics on obesity, physical activity, and diet, England.
Available at: htp://www.ic.nhs.uk/pubs/opadll

Richardson AM and Wsh AH. (1995) RobudRestricted Maximuntikelihood in Mixed
Linear Models Biometrics 51: 1429-1439.

Rosenzweig MR and WolpiKl. (1994) Are There In@asing Returns to the
Intergenerational Production of Human Capitdi@ernal Schooling ahChild Intellectual
AchievementJournal of Human Resources 2: 670-693.

Ruhm CJ. (2008) Maternal employnteand adolescemevelopmentLabour Economics 15:
958-983.
Searle SR, Casella GdMcCullochH. (1992)Variance Components, New York: Wiley.

Solon G, Corcoran M, Gdon R, et al. (1991) Aongitudinal analysis afibling correlations
in economic statusournal of Human Resources 26: 509-534.

Story M, Neumark-Stzainer D driFrrench S. (2002) thvidual and enviromental influences
on adolescent &iag behaviorsJournal of the American Dietary Association 102: S40-S51.

Tambs K, Mourn T, Eaves L, et al. (1991)n@@c and environmentabntributions to the
variance of the body masslex in a Norwegian saple of first- and econd-degree relatives.
American Journal of Human Biology 3. 257-267.

Willet W. (1998)Nutritional Epidemiology. , Oxford: Oxford Unversity Press.
World Health Organisation (2011) &wveight and Obéty Fact Sheet.

Table 1: Variable List and Description

Variable Name Description
BMI Body Mass Index — weight in kilograms/height in metres squared
Mothers
Education: 0=No qualitations (Base Category)
University 1=Highewor First Degree
Some higher
education 1=HNDHNC, teaching, or A-level
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High School

Employed
Age

Log household
income

Adolescents
Age
Eats fruit everyday

Physical activity
everyday

Eats junk food
everyday

Eat with family (1x
week or more)

Watches TV 4 hrs+
daily

Eats fast food (1x
week or more)

1=CS8 or O level

1-Employed/Self-Employed/ O- Not in the Labour Force or
unemployed
Agein years

Log of annual houselkdahcome/household size (GBP)

Agein years
1-Everyday/O - less than once a day

1-Almost Everyday/Everyday/ O — less than almost everyday
1-Everyday/O0 - less than once a day

1 — at least onzeveek/ O-less thaonce a week
1 — four mordars per day / 0-less thdour hoursper day

1- at least oncevaek / O-less thaance a week.
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Table2: Descriptive Statistics

BMI (kg/ ")
Mothers 26.92 (5.40)
Adolescents 19.92 (4.11)
Age (years)
Mothers 41.26 (6.00)
Adolescents 13.19 (1.45)
Household Income (£)/houselddize 9250.03 (6987.14)
Mother Employed%o) 0.76(0.42)
Education: high dwol (%) 0.44(0.50)
some highezdu. (%) 0.24 (0.43)
univergy (%) 0.12 (0.33)
Adolescent eat fruit eveday (%) 0.64 (0.50)
Adolescent physical activitgveryday (%) 0.58 (0.49)
Adolescent eat junk fooelveryday (%) 0.60 (0.50)
Adolescent eat with faily (1x a week or 0.89 (0.31)
more) (%)
Adolescent watch four more hours TV daily 0.18 (0.39)
(%)
Adolescent eat fasbbd (1x a week or more) 0.31 (0.46)
(%)
Number of observations
Mothers 1150
Adolescents 1540

Notes: Standard d&tions are in parentke. Means over years 2084d 2006 are shown.
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Intergeneration correlation in BMI

0.25** (0.06)

Observations 3564

Upper bound estimates tife contribution to

intergenerational correlation BMI from... Contribution Percent
Maternal Educational Attainment 0.008 3.1

Mother employed vs. unemployed 0.004 1.6

Log of household income 0 0

Adolescent eat with famil{lx a week or more) 0.002 0.7

Adolescent watch four more hours TV daily 0.Q04 1.6

Adolescent eat fruit everyday 0.003 1.2

Adolescent eat fast foddx a week or more) D 0

Adolescent eat junfood everyday @ 0

Adolescent physical &wity everyday 0.008 3.1
All characteristics 0.029 11.2

Notes: ** indicates significarat p<0.01. Standd errors ag in parenthesis.
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