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TAGGEDPABSTRACT

OBJECTIVE: The objectives of this study were to examine dif-

ferences in body mass index z-score (BMIZ) trajectory during

early childhood among children with a younger sibling com-

pared with those without and to test potential mediators.

METHODS: This longitudinal cohort study included 6050 par-

ticipants of the Early Childhood Longitudinal Study, Birth

Cohort (ECLS-B). Focal children’s weight, height, sibship sta-

tus, screen time, active play time, family dinner frequency,

and diet quality were assessed at 9 months, 24 months, pre-

school, and kindergarten when available. A piecewise linear

regression model was used to examine the association between

sibling birth and focal child’s subsequent BMIZ trajectory to

kindergarten. Mediation by screen time, active play time, fam-

ily dinner frequency, and diet quality was tested.

RESULTS: BMIZ trajectory was lower among children who

had a new sibling join the family before kindergarten
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compared to children who did not have a new sibling join the

family by kindergarten. The association was strongest when

new sibship occurred when the focal child was 48 to 66 months

(b =�0.026, P = .044). The association was not mediated by

screen time, active play time, family dinner frequency, or diet

quality.

CONCLUSION: Among a nationally representative cohort of

US children, new sibship before kindergarten was associated

with a lower BMIZ trajectory. Several common obesogenic

risk factors did not explain the association.
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TAGGEDPWHAT’S NEW

In a large, nationally representative cohort of children

born in 2001, body mass index z-score trajectory to

kindergarten was lower among children who had a

younger sibling. The association was not mediated by

screen time, active play time, family dinner frequency,

or diet quality.
TAGGEDPOBESITY AMONG CHILDREN and adolescents is a serious

public health problem.1,2 Parents play a key role in model-

ing healthy behaviors and modifying obesogenic risk

factors,3 and they have been a common target of family-

based interventions to prevent childhood obesity.4 There

is now growing recognition that sibship and birth order

are also associated with childhood obesity. Multiple

cross-sectional studies demonstrate that last-born children

have a greater risk of obesity when compared with chil-

dren with younger siblings.5�12
In contrast, only one study, to our knowledge, has

examined the prospective association between new sibship

and child body mass index z-score (BMIZ) trajectory.10

This study shows that having a sibling born between 24

months and 54 months of age is associated with a signifi-

cantly lower subsequent BMIZ trajectory and obesity

prevalence in first grade.10 However, this study was con-

ducted among a relatively small cohort of US children

(N = 697) who were born in 1991, and it is unknown

whether the relationship between sibship and BMIZ trajec-

tory is present in today’s obesogenic environment.13 The

mechanisms explaining the association between new sib-

ship and child BMIZ are not established; yet, understand-

ing these factors may have important implications for

future childhood obesity prevention initiatives. The associ-

ation may be mediated by favorable changes in known

obesity-related factors such as decreased screen time,14,15

increased physical activity,14 increased frequency of fam-

ily dinners,15�17 or improved dietary quality.7,12
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Children included in baseline sample, 
2001-2001
(n=10,700) 

Full-term singleton children with
birthweight > 2,500 grams 

(n=6,150) 

Excluded: 
Gestation age <37, >=43 or missing; 
Birth weight < 2,500 grams or missing; 
Twins and multiples (n=4,550)

Analytic sample
n=6,050 

Excluded: 
Missing weight-for-length or body mass index 
measurements after birth (n=100) 

*In accordance with NCES requirements for ECLS-B data 
usage, the reported n’s are rounded to the nearest 50.

Figure 1. Flow diagram showing cohort selection. (In accordance with National Center for Education Statistics requirements for Early

Childhood Longitudinal Study, Birth Cohort, data usage, the reported n values are rounded to the nearest 50.)

TAGGEDEND52 GRIAUZDE ET AL ACADEMIC PEDIATRICS
For example, a child may be more active if he plays

with his new sibling or assists with simple caregiving

responsibilities (eg, getting a clean diaper). Changes in

screen viewing time may also occur after a new sibling

joins the family. Screen viewing time may decrease if the

child engages with the new sibling or seeks increased

parental attention while adjusting to the new sibling.18

Screen viewing time may also decrease if a non-parental

caregiver (eg, grandparent) is present to specifically assist

with caring for the older child. Alternatively, it is possible

that screen viewing time may increase as a result of

parents’ attempts to occupy the older child while caring

for the new infant.19 Finally, after a sibling’s birth parents

may choose to serve meals at the same time each day for

more efficient household management, thereby fostering

healthier dietary habits in the near term.17,20 Such

improvements in diet quality are supported by cross-sec-

tional data demonstrating an association between sibship

and reduced sugar and fast-food consumption7 and

increased intake of fruits and vegetables.12

This study had 2 objectives. The first objective was

to characterize the relationship between new sibship

and child BMIZ trajectory among a large, nationally

representative cohort of children ages 9 months to

74.5 months old. Consistent with prior work,5�11 we

hypothesized new sibship to be associated with a lower

subsequent BMIZ trajectory and lower risk of obesity.

The second objective was to test 4 potential mediators

of the association between new sibship and BMIZ tra-

jectory: 1) screen time, 2) active play time, 3) family

dinner frequency, and 4) diet quality. We hypothesized

that the association between having a new sibling and

child BMIZ would be mediated by a reduction in

screen time, increases in active play time or family

dinner frequency, or improved diet quality after the

addition of a new sibling to the family.
TAGGEDH1METHODSTAGGEDEND

TAGGEDH2PARTICIPANTSTAGGEDEND

The Early Childhood Longitudinal Study, Birth Cohort

(ECLS-B), is a longitudinal survey of a national sample

of over 10,000 children born in the United States in 2001.

The study was sponsored by the US Department of Educa-

tion’s National Center for Education Statistics in the Insti-

tute for Education Science. Data were collected from

children and their parents at 9 months (2001), 24 months

(2003), preschool (2005), and kindergarten (2006 or

2007). Data collection consisted of parent interviews and

direct child assessments during home visits by trained

interviewers. The full details regarding the ECLS-B

recruitment, procedures, and participant characteristics

have been previously described.21

Figure 1 shows the cohort selection process. Inclusion

criteria for our analytic sample were 1) singleton gesta-

tion, 2) full-term birth defined as birth at 37 to 41 weeks’

gestation, 3) birth weight greater than 2500 g, and 4) at

least one weight-for-length or body mass index measure-

ment available after birth. The total number of children in

our analytic sample was 6050. In accordance with

National Center for Education Statistics requirements for

ECLS-B data usage, the reported sample size was rounded

to the nearest 50.22
TAGGEDH2MEASURES TAGGEDEND
TAGGEDPDEPENDENT VARIABLE TAGGEDEND

The primary outcome was child weight-for-length or

body mass index z-score (WLZ/BMIZ) measured from 9

months to kindergarten. Children’s lengths/heights and

weights were measured by trained staff using standardized

procedures during home visits at 9 months, 24 months,

preschool, and kindergarten.23 Weight-for-length and
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BMI were calculated, and age- and sex-specific WLZ and

BMIZ were calculated based on the US Centers for Dis-

ease Control and Prevention reference growth curves.24

TAGGEDPINDEPENDENT VARIABLE TAGGEDEND

The primary predictor variable, new sibship, was deter-

mined by assessing household composition at 9 months,

24 months, preschool, and kindergarten. Parent respond-

ents were asked to report the total number of siblings

within the focal child’s household, which included full,

foster, step, and adoptive siblings. We defined new sib-

ship as an increase in the reported number of siblings

compared to the prior data collection time point. Although

ECLS-B did not differentiate among full, foster, step, and

adoptive siblings, the majority of mother respondents

(99%) reported a biological relationship to the focal child.

Few children (n = 296) had more than 1 sibling enter the

family during the study period, and half (n = 143) experi-

enced the new sibship event between preschool and kin-

dergarten. As a result, we did not have sufficient power to

detect change in BMIZ that may have occurred as a result

of the second new sibship event. To ensure that any

change in BMIZ trajectory would be attributed to the first

new sibship event, we did not include height/weight data

that were collected after the second new sibship event in

our analyses.

TAGGEDPPOTENTIAL COVARIATES TAGGEDEND

At the 9-month interview, parents reported child sex

(male vs female), race as defined by the US Census,25 and

number of siblings in the household For this analysis, we

categorized race as white, black, or other.

Potential maternal covariates included age in years as

reported on the focal child’s birth certificate, baseline

BMI, and education (categorized to indicate less than

high school, high school graduate, or beyond high

school).

Socioeconomic status was included as a single compos-

ite measure created by ECLS-B using data collected at

first-wave interviews, which included parental education,

parental occupation, and household income.21 This com-

posite measure included maternal education, which was

significant when added to our model as an independent

covariate. The composite measure was non-significant;

thus we included only maternal education as a covariate

in our final model.

TAGGEDPPOTENTIAL MEDIATORSTAGGEDEND

Parents reported screen time at 24 months, preschool,

and kindergarten as the number of hours per weekday the

child watched television or DVDs or videos in the house-

hold (continuous measure). At 9 months, screen time was

not assessed and was therefore imputed to be 0 hours for

all children in the cohort.

Parents reported active play time at 24 months and pre-

school as the frequency with which the parent played

indoor games or engaged in outdoor activities with their

child. Response options included 1) more than once a

day, 2) about once a day, 3) a few times a week, 4) a few
times a month, 5) rarely, and 6) not at all. Because this

question was not asked at the 9-month or kindergarten

interviews, data at these time points were imputed to be

equal to 24-month and preschool responses, respectively.

At 24 months, preschool and kindergarten, parents

reported the number of days per week the family ate the

evening meal (dinner) together. Because this question

was not asked at the 9-month interview, data at this time

point were imputed to be equal to 24-month responses.

Diet quality was assessed at preschool and kindergarten

by asking parents to report how many times during the

prior 7 days the child consumed the following items: 1)

sugar-sweetened beverages (eg, soda pop, sports drinks);

2) fresh fruit; 3) vegetables not including French fries or

chips; 4) fast food; 5) candy, ice cream, or baked goods;

and/or 6) salty snack foods. Response options for each

item ranged from 0 to 6. Consistent with prior literature,26

we created a composite measure to indicate diet quality

by summing scores on these 6 dietary components (with

vegetable and fruit items reverse coded). Because this

question was not asked at the 9-month or 24-month inter-

views, these data were imputed to be equal to preschool

responses.
TAGGEDH2STATISTICAL ANALYSIS TAGGEDEND

All analyses were conducted using F 9.4 (SAS Institute,

Cary, NC) and Stata/SE 15.1 (StataCorp, College Station,

Texas). Because of the complex sampling design, sample

weights were used to account for stratification, clustering,

and survey non-response. Results are reported for the

weighted analyses.

Descriptive statistics were used to assess sample char-

acteristics. Analyses were performed by using mixed

models with random intercept and slope using an unstruc-

tured correlation matrix to account for having repeated

WLZ/BMIZ measures for each individual participant over

time. This statistical modeling technique uses the full

information maximum-likelihood estimation approach to

account for missing data.27 Both linear and quadratic

growth curve models were considered, with linear growth

having a better fit as assessed by Bayesian information

criteria. Thus we used a piecewise linear regression model

to examine the association of new sibship with children’s

WLZ/BMIZ trajectory to kindergarten. A piecewise linear

regression model allows the WLZ/BMIZ growth curve to

be altered in correspondence to new sibship. To examine

age-related variation in the focal child’s WLZ/BMIZ tra-

jectory, the age of the focal child was assigned to be the

midpoint between the 2 ages during which the new sibship

event occurred.

For children who had more than one new sibling enter

the household during the 6-year period, WLZ/BMIZ data

after the birth of the second sibling were not included in

the analysis; therefore, any modification in WLZ/BMIZ

trajectory would be attributed to the first new sibship

event. We adjusted for child factors (ie, sex, race, number

of siblings at baseline, and birth weight z-score), maternal

factors (ie, age, BMI, and education), and household
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socioeconomic status. Our final model included only

those covariates that were statistically significant: child’s

birth weight, child’s sex, child’s number of siblings at

baseline, child’s race, maternal education, and maternal

BMI.

To further describe the association between new sibship

and child WLZ/BMIZ trajectory, we included an interac-

tion term between the WLZ/BMIZ slope and the focal

child’s age when a new sibling entered the family. In this

way, we assessed whether the effect of new sibship on

WLZ/BMIZ trajectory varied depending on the focal

child’s age at the time of new sibship. All analyses were

adjusted for the sampling weight, and the significance

level was set at 0.05.

Additionally, we implemented the same approach using

the piecewise linear regression model described above to

assess the influence of new sibship on each of the 4 poten-

tial mediators. We then tested the mediational role of

screen time, active play time, family dinner frequency, and

diet quality on the association between new sibship and

child WLZ/BMIZ trajectory. These factors were added to

the fully adjusted model. We then examined the beta coef-

ficient, P value, and other model change parameters.
TAGGEDH1RESULTSTAGGEDEND

Table 1 shows characteristics of our complete analytic

sample and characteristics of children with and without

new sibship during the study period. Most of the children

were male (52%) and white (57%). Mean ages of children

in months at each assessment time point were 10.4 (stan-

dard deviation [SD] 1.9) at 9 months, 24.5 (SD 1.4) at 24

months, 53 (SD 4.2) at preschool, and 65.1 (SD 3.8) at

kindergarten. At baseline, the mean number of siblings

was 0.9 (SD 1.1). At 24 months, the mean screen time

was 3.0 (SD 7.4) hours per day among children without

new siblings and 3.1 (SD 8.1) among children with new
Table 1. Sample Characteristics for the Entire Sample and Stratified by

Variables Total

(n = 6050)

Ch

Child sex, %

Male 52.0

Female 48.0

Child race,%

White 57.2

Black 16.2

Other 27.0

Hispanic ethnicity, % 20.9

Number of siblings at baseline, M (SD) 0.9 (1.1)

Child birth weight z-score, M (SD) �0.02 (0.95)

Maternal education, %

Less than high school 18.5

High school graduate 53.3

Beyond high school 28.2

Maternal age in years, M (SD) 27.4 (6.3)

Maternal BMI, M (SD) 26.5 (6.7)

Socioeconomic status* �0.01 (0.86)

M indicates mean; SD, standard deviation; and BMI, body mass index

*Composite measure of average z-scores for parental education, pare
siblings; mean family dinner frequency was 6.0 (SD 1.8)

days per week among children without new siblings and

6.0 (SD 1.8) days per week among children with new sib-

lings. At 24 months, the mean active play time was 4.3

(SD 1.7) for children with and without new siblings, indi-

cating that they engaged in active play on average “a few

times per month.” At 24 months, the mean diet quality

was 4.3 (SD 0.6) for children with and without new sib-

lings, which correlates with “2 times per day” on the com-

posite diet quality measure.

Figure 2 shows the WLZ and BMIZ trajectory from 9

months to kindergarten among children with and without

new sibship during the study period. Children who had a

new sibling join the family before kindergarten had a

lower WLZ/BMIZ trajectory compared to children with-

out new sibship during this time period. The interaction

between WLZ/BMIZ slope and the focal child’s age at

the time of new sibship was significant (b =�0.026,

P = .044). The WLZ/BMIZ trajectory was not signifi-

cantly different among children without new siblings and

children who had new siblings enter the family between

9 and 24 months. The magnitude of the relationship

between new sibship and child WLZ/BMIZ trajectory

increases after 24 months and is strongest among children

who were older (ie, 48 to 66 months) when the new sib-

ling joined the family.

New sibship significantly altered the trajectory of fam-

ily dinner frequency but not screen time, active play, or

diet quality. The interaction between family dinner fre-

quency slope and the focal child’s age at the time of new

sibship was significant (b =�0.045, P = .043). Specifi-

cally, among focal children that experienced new sibship,

family dinner frequency increased compared to children

who did not experience new sibship (Fig. 3). However,

this increase in family dinner frequency did not relate sig-

nificantly to changes in BMIZ trajectory following the

new sibship event.
Having or Not Having a New Sibling by Kindergarten

ildren with No New Siblings by

Kindergarten (n = 3650)

Children with a New Sibling by

Kindergarten (n = 2400)

52.0 52.1

48.0 47.9

59.1 61.2

16.9 15.2

27.9 25.7

20.3 21.9

1.1 (1.1) 0.7 (1.0)

0.00 (0.94) �0.04 (0.95)

17.2 20.4

54.7 51.4

28.1 28.2

28.3 (6.4) 26 (5.8)

26.5 (6.7) 26.5 (6.7)

0.02 (0.86) �0.04 (0.87)

.

ntal occupation, and household income.
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Figure 3. Family dinner frequency by sibship status from 9 months to kindergarten, adjusted for child factors (birth weight, sex, baseline

number of siblings, race) and maternal factors (education, body mass index).

Figure 2. Child weight-for-length/body mass index z-score trajectory from 9 months to kindergarten, adjusted for child factors (birth weight,

sex, baseline number of siblings, race) and maternal factors (education, body mass index).
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The relationship between new sibship and child BMIZ

was not mediated by screen time, active play time, family

dinner frequency, or diet quality. Specifically, no parame-

ter changed more than 10% after including these potential

mediators in the model.
TAGGEDH1DISCUSSIONTAGGEDEND

In a national, prospective study, we found children

who had a new sibling join the family before kinder-

garten had a lower BMIZ trajectory than children who

did not experience new sibship during this time frame.

This association was independent of child birth weight

z-score, child sex, maternal age, and maternal weight.

Further, the association was not mediated by screen

time, active play time, family dinner frequency, or diet

quality.

Our findings corroborate prior work demonstrating a

prospective association between new sibship and lower

BMIZ trajectory over 6 years among a relatively small

and geographically limited cohort of children born more

than 25 years ago.10 Similarly, we found that the strength

of the association between new sibship and BMIZ trajec-

tory varied according to the focal child’s age and was

strongest among children who had a new sibling join the
family when they were 48 to 66 months old. To our

knowledge, this is the first study to test and confirm the

association between new sibship and BMIZ trajectory

among a large, nationally representative, and contempo-

rary cohort of US children. This is the first study to

explore potential mechanisms of the association between

new sibship and lower BMIZ trajectory. We tested 4

hypothesized mediators: 1) screen time, 2) active play

time, 3) family dinner frequency, and 4) diet quality. Con-

trary to our hypothesis, the association between a new sib-

ship and lower child BMIZ trajectory was not mediated by

screen time, active play time, family dinner frequency, or

diet quality. Although family dinner frequency increased

following the new sibship event, this was not associated

with subsequent BMIZ trajectory among our cohort. This

may be because the association between new sibship and

lower BMIZ is not mediated by family dinners; however,

it is also possible that we did not detect a mediational role

due to the short follow-up period after the new sibship

event. A recent study of the Early Childhood Longitudinal

Study, Kindergarten Cohort, demonstrated that children

with siblings compared to those without siblings had

lower BMI and were significantly more likely to eat fam-

ily dinners, further suggesting that this factor may, in fact,

mediate the relationship between new sibship and child



Table 2. Child WLZ/BMIZ at 9 Months, 24 Months, Preschool, and Kindergarten for Entire Sample and Stratified by Having or Not Having a

New Sibling by Kindergarten

Mean Child WLZ/BMIZ*

Interview Wave Mean (SD) Child Age in Months Total

(n = 6050)

Children with No New

Siblings by Kindergarten

(n = 3650)

Children with a New Sibling

by Kindergarten

(n = 2400)

9 months 10.4 (1.9) 0.44 0.46 0.42

24 months 24.5 (1.3) 0.53 0.55 0.50

Preschool 53 (4.2) 0.69 0.73 0.65

Kindergarten 65.1 (3.8) 0.77 0.81 0.71

WLZ indicates weight-for-length z-score; BMIZ, body mass index z-score; and SD, standard deviation.

*Child WLZ/BMIZ values are predicted from the model and adjusted for the child’s birth weight, child’s sex, child’s number of siblings at

baseline, child’s race, maternal education, and maternal body mass index.
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BMIZ.12 Although prior work demonstrated less screen

time among children with siblings,12 we did not observe a

significant alteration in screen time after a new sibling

joined the family. This, too, may be due to the short fol-

low-up period after the new sibship event. Alternatively,

it is possible that secular trends in digital media use may

attenuate the influence of new sibship on screen viewing

among this more contemporary cohort.28�30 Among our

cohort, new sibship did not influence the focal child’s

physical activity or diet quality; however, both physical

activity and diet quality were assessed at only 2 time

points, which limits the power to detect change after the

new sibship event.

Several alternative mechanisms may warrant investiga-

tion. First, new sibship may lead to other alterations in a

child’s routine or exposure to obesogenic risk factors.

For example, sleep quality and duration are positively

associated with healthier child weight status31,32 and may

improve if parents put an older child to bed earlier or tran-

sition him to his own room to facilitate uninterrupted care

of a newborn. Second, gut microbiomes play a role in

health and disease processes,33 and reduced bacterial

diversity is associated with obesity.34 Having a sibling

may lead to new exposures that diversify the older child’s

gut microbiota and promote healthier BMIZ. Third, the

association between sibship and BMIZ may be mediated

by changes in the parent�child relationship. Prior studies

show a decline in positive mother�child interactions,35,36

changes in maternal feeding behavior,8 and resultant

behavioral changes among older children after a sibling’s

birth,18 which may alter a child’s eating patterns and sub-

sequent BMIZ.

Our findings should be interpreted in the context of sev-

eral important limitations. First, this manuscript describes

a cohort of children born in 2001 and thus may not reflect

current obesogenic factors and exposures; however, to our

knowledge, these are the most contemporaneous data

available. Second, although we included multiple covari-

ates in our model, there may be unmeasured confounders

of the association between new sibship and child BMIZ.

We aimed to minimize potential confounding by selecting

covariates known to be associated with childhood obesity.

Third, our findings suggest that screen time, active play

time, family dinner frequency, and diet quality do not

mediate the association between new sibship and child
BMIZ. However, these constructs were measured with

blunt instruments, which may not have adequately cap-

tured the relevant behaviors. Future work may consider

strategies to measure these factors with greater rigor to

further explore their mediational role. Fourth, our data did

not permit us to distinguish new siblings born into the

family from step, adoptive, or foster siblings; yet, these

relationships may have unique associations with child

BMIZ. Finally, although our cohort consisted of 6050 US

children, the results may not be generalizable to children

in other countries.
TAGGEDH1CONCLUSION TAGGEDEND

In this study, we demonstrate that BMIZ trajectory is

lower among children who have a new sibling join the

family before kindergarten compared to those who do not.

Notably, this association was not mediated by screen

time, active play time, family dinner frequency, or diet

quality. Novel interventions that leverage the child�si-

bling relationship may be a promising approach to reduce

the risk of childhood obesity. Future work should aim to

elucidate the mechanism(s) of this association to inform

such programs.
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