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Abstract
Objectives: A	 large	 proportion	 of	 children	 at-risk	 for	 overweight	 and	 obesity	
are	 able	 to	 maintain	 a	 healthy	 bodyweight.	 These	 children	 may	 demonstrate	
bodyweight	 resilience.	 Our	 objective	 was	 to	 identify	 factors	 associated	 with	
bodyweight	resilience	in	pre-school	children.		

Methods:	 Protective	 factors	 were	 assessed	 when	 the	 child	 was	 9	 months,	 24	
months,	and	45	months,	cumulative	risk	for	overweight	and	obesity	was	assessed	
at	9	months	and	2	years,	and	bodyweight	was	assessed	at	4.5	years,	as	part	of	
the	Growing	Up	in	New	Zealand	(GUiNZ)	longitudinal	cohort	study.	Univariate	and	
multivariate	models	were	conducted	to	investigate	protective	factors.	

Results:	Overall	1054	and	313	children	were	classified	as	being	resilient	(at	risk	and	
a	healthy	weight)	and	non-resilient	(at	risk	and	overweight	or	obese),	respectively.	
Only	 night-time	 sleep	 duration	was	 significantly	 associated	with	 an	 increase	 in	
the	odds	of	being	resilient	(p=0.0004),	with	a	1-hour	increase	in	night-time	sleep	
duration	 increasing	 the	 odds	 of	 being	 in	 the	 resilient	 group	 by	 24%	 (OR=1.24,	
95%	CI=1.10-1.39).	No	significant	effects	were	shown	for	other	protective	factors	
(p>0.05).

Conclusion:	 Night-time	 sleep	 duration	 may	 promote	 bodyweight	 resilience	 in	
children	exposed	to	a	cumulative	measure	of	risk	for	overweight	and	obesity.

Keywords:	 Obesity;	 Paediatric;	 Resilience;	 Sleep;	 Screen	 Use;	 Overweight;	 
Pre-Schoolers

Introduction
Childhood	 obesity	 remains	 one	 of	 the	 most	 prominent	 public	
health	issues	of	our	time,	with	30%	of	New	Zealand	children	aged	
2-4	 years	 classified	as	being	overweight	or	obese	 [1].	Not	only	
is	obesity	in	early	childhood	associated	with	gastroenterological,	
endocrine,	cardiovascular,	orthopaedic,	and	respiratory	issues,	in	
addition	to	psychological	outcomes	such	as	low	self-esteem,	social	
isolation,	 and	bullying	 [2],	 it	 is	 also	 a	 strong	predictor	 of	 adult	
obesity	[3,4]	and	an	important	early	risk	factor	for	considerable	
morbidity	and	mortality	in	adulthood	[5].

Childhood	 overweight	 and	 obesity	 differ	 according	 to	 ethnicity	
and	 socioeconomic	 status	 (SES),	 with	 higher	 rates	 observed	 in	
Maori,	 the	 indigenous	 people	 of	 New	 Zealand	 (42.9%),	 Pacific	
(56.5%),	and	the	most	deprived	families	(42.3%)	[3].	Children	with	
higher	rates	of	overweight	and	obesity	appear	disproportionately	
affected	due	to	differences	in	exposure	to	almost	all	the	known	

risk	factors	for	childhood	obesity	[6,7],	including	disparities	in	the	
built	 environment	 leading	 to	 reduced	 opportunity	 for	 physical	
activity	[8],	the	relatively	low-cost	of	energy-dense,	nutrient-poor	
foods	[9],	and	high	levels	of	stress	and	insecurity	[10],	which	in	
turn	are	linked	with	health-related	behaviours	associated	with	a	
higher	body	mass	 index	 (BMI).	Accordingly,	 it	 is	 recommended	
that	 the	 modifiable	 risk	 factors,	 such	 as	 consumption	 of	 fast	
foods	or	sugar-sweetened	beverages,	associated	with	disparities	
in	childhood	obesity	should	be	reduced	or	prevented	[11].

Yet,	 despite	 exposure	 to	 the	 obesogenic	 environment,	 a	 large	
proportion	of	at-risk	children	are	still	able	to	maintain	a	healthy	
bodyweight	 [12].	 It	 has	 been	 argued	 that	 these	 children	
demonstrate	bodyweight	resilience	[12],	that	is,	despite	exposure	
to	adversity	or	vulnerability	they	are	still	able	to	obtain	a	positive	
outcome	of	a	healthy	bodyweight.	In	order	to	identify	modifiable	
factors	associated	with	bodyweight	resilience,	researchers	have	
reasoned	 that	we	must	 establish	 how	 families	 facing	 adversity	
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with	 healthy	 weight	 children	 differ	 in	 the	 way	 they	 construct	
their	 daily	 lives	 compared	 with	 families	 facing	 adversity	 with	
overweight	 children	 [13].	 Such	 an	 approach	 assumes	 that	
families	 of	 resilient	 children	 are	 already	 engaging	 in	 effective	
solutions	 to	preventing	obesity	 that	are	actionable	within	 their	
own	community	and	family	context	[14].

By	 identifying	 characteristics	 associated	 with	 bodyweight	
resilience	we	may	be	able	to	provide	families	of	children	facing	
adversity	with	a	pathway	to	health	that	is	not	only	immediately	
actionable	within	 their	 own	 family	 context,	 but	 also	 less	 likely	
to	 increase	 health	 disparities	 [14].	 The	 purpose	 of	 this	 study	
was	 therefore	 to	 identify	 family-level	 factors	 associated	 with	
bodyweight	resilience	in	a	large	cohort	of	New	Zealand	families.

Materials and Methods
Data and sample
Data	for	this	study	were	taken	from	Growing	Up	in	New	Zealand	
(GUiNZ),	a	prospective	cohort	study	that	recruited	6846	mothers	
whose	 babies	 were	 due	 to	 be	 born	 between	 April	 2009	 and	
March	2010	[15].	The	study	design,	recruitment	process,	and	data	
collection	methods	have	been	described	previously	in	detail	[16].	
Participants	were	drawn	from	the	greater	Auckland	and	Waikato	
regions	 to	 provide	 a	 socioeconomically	 and	 ethnically	 diverse	
sample,	which	 has	 been	demonstrated	 to	 be	 representative	of	
the	broader	New	Zealand	birth	population	[16].	For	the	purpose	
of	 this	 analysis,	we	used	data	 from	 the	 face-to-face	 interviews	
completed	with	 the	child’s	 caregiver,	usually	 the	mother,	when	
the	child	was	9	months	of	age	(wave	1;	n=6476),	24	months	of	
age	(wave	2;	6327),	and	54	months	of	age	(wave	5;	6156;	90%),	
as	well	as	telephone	interviews	conducted	as	Computer	Assisted	
Telephone	Interviews	(CATI)	when	the	child	was	45	months	of	age	
(wave	4;	n=6211).	This	analysis	was	conducted	in	a	sub-group	of	
1367	children.

Children	were	included	in	the	current	analysis	if	1)	Their	data	was	
available	at	each	of	the	four	above	data	collection	waves	2)	They	
were	classified	as	being	at	risk	for	overweight	or	obesity	(definition	
provided	 below),	 and	 3)	 Body	 Mass	 Index	 (BMI)	 data	 was	
available	 at	 4.5	 years.	 Logistic	 regression	 requires	observations	
to	be	 independent	of	each	other,	and	 including	multiple	births	
would	violate	this	assumption.	As	such,	for	multiple	births,	only	
one	twin	or	triplet	was	included.

Given	 that	 resilience	 is	 defined	 as	 a	 process	 through	 which	
positive	outcomes	are	achieved	in	the	context	of	risk	or	adversity	
[17],	it	is	necessary	to	define	‘risk’	and	a	‘positive	outcome’.

Definition of risk:	We	 assessed	 risk	 using	 the	 GUiNZ	maternal	
vulnerability	scale	(Table 1)	[16].	The	twelve	maternal	risk	factors	
included	in	the	GUiNZ	maternal	vulnerability	scale	were	selected	
according	 to	 previous	 use	 in	 international	 research	 to	 define	
markers	of	disadvantage	and	what	makes	a	child	vulnerable	for	
poor	 outcomes	 across	 the	 life	 course	 [18].	 Each	 of	 the	 twelve	
maternal	 risk	 factors	was	dichotomised	with	 a	 score	of	 0	or	 1,	
according	to	whether	risk	was	experienced	or	not.

Table 1:	Definitions	of	included	risk	factors.

Risk Factor Definition 
Maternal	depression EPDS	≥	12
Maternal	physical	

wellbeing Poor/fair

Maternal	smoking
Continuing	to	smoke	after	1st	trimester	
of	pregnancy	or	continuing	to	smoke	

regularly/every	day
Maternal	age Aged	less	than	20	years

Relationship	status Single/no	current	partner
Maternal	education No	secondary	school	qualifications

Financial	stress Reporting	“highly	stressful”	money	
problems

Deprivation	area Living	in	areas	situated	within	the	two	
most	deprived	deciles

Unemployment Mother	not	on	leave,	actively	seeking	
work	but	not	currently	working

Tenure-public	rental Living	in	social	housing

Income	tested	benefit In	receipt	of	an	income	tested	
government	benefit

Overcrowding Having	2	or	more	persons	per	bedroom
Note:	EPDS=Edinburgh	Postnatal	Depression	Scale

Previous	GUiNZ	reports	have	classified	vulnerability	at	any	point	
in	time	into	three	sub-groups:	low	(no	exposure	to	vulnerability	
risk	factors),	medium	(exposure	to	1-3	factors),	or	high	(exposure	
to	4	or	more	factors)	[19,20].	For	the	purpose	of	this	resiliency	to	
obesity	analysis	we	wanted	to	dichotomise	our	measure	of	risk	
into	two	groups:	(1)	low	risk,	and	(2)	at	risk.	One	option	was	to	
create	the	at-risk	group	by	combining	the	medium-	and	high-risk	
groups,	 using	 the	 definition	 from	 previous	 reports.	 This	would	
mean	 the	 at-risk	 group	would	 include	 any	 child	 demonstrating	
at	least	one	vulnerability	risk	factor;	however,	only	including	one	
risk	factor	has	been	identified	as	a	limitation	of	previous	resiliency	
research	 [21]	 and	 further,	 a	 number	 of	 the	 maternal	 stress	
measures	 included	 in	 the	generic	GUiNZ	maternal	 vulnerability	
scale	have	not	been	directly	 associated	with	 childhood	obesity	
[22].	 As	 such	 the	 decision	 was	made	 to	 exclude	 children	 only	
demonstrating	one	vulnerability	factor	from	the	at-risk	group	in	
order	to	provide	a	more	robust	measure	of	vulnerability	for	the	
specific	outcome	related	to	obesity.

Nevertheless,	 we	 did	 not	 want	 to	 exclude	 all	 children	
demonstrating	moderate	 risk,	 as	 this	 would	 have	 reduced	 the	
sample	size	of	the	at-risk	group	substantially,	and	also	meant	that	
the	findings	would	only	be	relevant	to	a	small,	highly	vulnerable	
group	of	children.	As	such,	the	pragmatic	decision	to	dichotomise	
risk	into	the	following	two	groups	was	made:	(1)	Low	risk,	defined	
as	 having	 no	 exposure	 to	 vulnerability	 risk	 factors,	 and	 at	 risk,	
defined	 as	 having	 exposure	 to	 at	 least	 two	 vulnerability	 risk	
factors.

Researchers	argue	that	alone	exposure	to	vulnerability	factors	is	
not	an	adequate	definition	of	at	risk,	and	that	there	must	also	be	
the	demonstration	of	 continuous	or	 chronic	 exposure	 to	 these	
vulnerability	factors	[23].	According	to	a	previous	GUiNZ	analysis	
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[22],	 exposure	 to	maternal	 stressors	 during	 the	 pre-	 and	 post-
natal	period	were	significantly	and	positively	associated	with	child	
BMI	 at	 54	months,	with	 cumulative	 or	 chronic	maternal	 stress	
having	 the	 greatest	 effect	 on	 child	 BMI,	 when	 compared	 with	
stress	 experienced	 at	 only	 one	 time	 point	 [22].	 These	 findings	
corroborate	 research	 that	 has	 shown	 that	 children	 exposed	 to	
chronic	 poverty	 have	worse	 outcomes	 compared	with	 children	
exposed	 to	 intermittent	 or	 episodic	 poverty	 [24].	 As	 such,	 we	
classified	children	as	being	at	risk	for	overweight	and	obesity	 if	
they	 demonstrated	 cumulative	 vulnerability,	 defined	 as	 having	
a	mother	with	 at	 least	 two	 vulnerability	 risk	 factors	 at	 both	 9	
months	and	24	months.	Low-risk	children	were	defined	as	those	
with	mothers	with	no	maternal	risk	factors	at	both	time	points.	
Children	with	only	one	vulnerability	risk	factor	or	who	had	non-
consistent	risk,	defined	as	those	whose	risk	changed	categories	
between	the	two	time	points,	were	excluded	from	the	analysis.

Definition of a positive outcome:	We	defined	a	positive	outcome	
as	 not	 being	 overweight	 or	 obese	 at	 age	 4	 years.	 BMI	 was	
calculated	using	weight	and	height	measures	from	the	4.5-year	
data	collection	wave,	and	standardised	to	z-score	using	the	World	
Health	 Organization	 growth	 standards	 [25].	 A	 classification	 for	
overweight	 or	 obese	was	 based	 on	 the	 Extended	 International	
Obesity	TaskForce	BMI	cut-off	values	[26].

Resiliency:	A	child	was	classified	as	being	 resilient	 if	 they	were	
considered	 to	be	at	 risk	 for	overweight	and	obesity	but	with	a	
positive	 outcome	 (i.e.	 not	 overweight	 or	 obese;	 n=1054)	 and	
non-resilient	if	they	were	considered	to	be	at	risk	for	overweight	
and	obesity	with	a	negative	outcome	(i.e.	overweight	or	obese;	
n=313).	Given	that	resilience	requires	exposure	to	risk,	only	those	
children	classified	as	being	at	risk	were	included	in	this	analysis	
(n=1367)	(Figure 1),	therefore	those	children	with	low	cumulative	
risk	 and	 a	 positive	 outcome	 (n=1829),	 and	 low	 cumulative	 risk	
and	a	negative	outcome	(n=129)	were	excluded.

Figure 1:	Flow	of	GUiNZ	participants	included	in	analysis.

Protective factors:	 Protective	 factor	 variables	 were	 collected	
at	 the	 9-month,	 24-month,	 and	 45-month	 GUiNZ	 data	 waves.	
We	 selected	 potential	 protective	 factors	 for	 inclusion	 in	 the	

model	 according	 to	 literature	 demonstrating	 components	 of	
family	resiliency	that	might	be	related	to	childhood	overweight	
[13],	 and	 factors	 that	 have	been	 linked	with	 childhood	obesity	
but	 that	 are	 not	 directly	 related	 to	 energy	 balance,	 including	
parenting	 and	 parenting	 factors	 [27-29],	 presence	 of	 family	
routines	 [30],	 child	 sleep	 [31-33],	 screen	 use	 [34],	 and	 the	
family	mealtime	 environment	 [35-38].	 The	 decision	 was	made	
to	 exclude	 traditional	 weight-management	 approaches	 directly	
related	 to	 energy	 balance	 for	 two	 reasons:	 (1)	 Traditional	
approaches	 that	 focus	 directly	 on	 weight-related	 behaviours	
may	be	 less	 acceptable	 to	 families	 of	 young	 children	 [39],	 and	
(2)	 the	 promotion	 of	 traditional	 weight-related	 behaviours	 in	
young	children	have	been	associated	with	an	 increased	risk	 for	
overweight	 and	obesity	 compared	with	non-traditional	weight-
related	behaviours	in	young	New	Zealand	children	[40].	Protective	
factors	investigated	are	presented	in	Table 2.

Data analysis
Descriptive	statistics	were	summarized	separately	for	the	groups	
of	 children,	 using	 median	 with	 interquartile	 range	 (IQR)	 for	
continuous	 and	numbers	with	 percentages	 for	 categorical	 data	
respectively.	 Two	 high	 adversity	 groups	 (i.e.	 resilient	 vs.	 non-
resilient)	were	tested	using	logistic	regression	analysis	to	examine	
the	 potential	 protective	 factors	 distinguishing	 resilient	 children	
from	non-resilient	children.	Univariate	 logistic	regressions	were	
first	conducted	using	each	of	the	protective	factors	for	inclusion	
in	 the	 multivariate	 logistic	 regression	 model.	 The	 multivariate	
model	included	significant	protective	factors	with	a	more	liberal	
p-value	of	0.15	in	the	univariate	model	[41],	as	well	as	those	that	
were	identified	as	potential	confounders	regardless	of	statistical	
significance.	For	multivariate	 logistic	regression	models,	control	
variables	including	child’s	gender,	gestational	age	in	weeks,	and	
birth	weight.	M	 and	maternal	 relationship	 status,	 employment	
status,	ethnicity,	education	 level,	and	pre-pregnancy	BMI,	were	
also	 added	 to	 the	models.	 These	 factors	were	 selected	 due	 to	
previous	 research	 demonstrating	 them	 to	 be	 associated	 with	
child	health-related	behaviours	and/or	weight	status.	

Multivariate	model	 results	were	 presented	 as	 odds	 ratios	 (OR)	
with	 the	 corresponding	 95%	 confidence	 intervals	 (95%	CI)	 and	
p-values.	 A	 Two-tailed	 p-value	 <0.05	 considered	 statistically	
significant.	 Multicollinearity	 among	 protective	 factors	 was	
assessed	with	(i)	Pearson’s	correlation	coefficient	for	continuous	
variables,	 (ii)	 Spearman’s	 rank	 correlation	 coefficient	 or	 Chi-
Square	 test	 for	 categorical	 variables	 and	 (iii)	 t-test	 or	 one-way	
analysis	of	variance	(ANOVA)	for	a	continuous	and	a	categorical	
variable.	On	the	basis	of	the	results	of	these	tests,	the	potential	
predictors	 showed	no	problematic	collinearity.	Missing	data	on	
individual	protective	factors	were	not	imputed	and	multivariate	
analyses	 were	 performed	 on	 complete	 data	 only.	 ‘Partner	
satisfaction	with	help’	was	 a	protective	 factor	 that	 contributed	
the	most	 to	 the	missing	 data	 (n=290	 for	 resilient	 children	 and	
n=82	for	non-resilient).	This	factor	was	considered	as	important	
and	not	simply	excluded	from	the	analysis.	All	statistical	analyses	
were	 performed	 using	 SAS	 software	 version	 9.4	 (SAS	 Institute,	
Cary,	NC,	USA).
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Results
Control	variables	for	resilient	(n=1054)	and	non-resilient	(n=313)	
children	are	reported	in	Table 3.

Univariate findings
The	odds	of	a	child	being	classified	as	resilient	were	first	examined	
for	each	of	the	protective	factors	individually	(data	are	not	shown).	
The	 unadjusted	 model	 showed	 that	 less	 maternal	 separation	
anxiety	 was	 associated	 with	 significantly	 greater	 resilience	 in	
children	(OR=1.42,	p=0.0069).	Children	were	also	more	likely	to	
be	categorised	as	 resilient	 rather	 than	non-resilient	 if	 they	had	
less	 frequent	 TV	 exposure	 during	 mealtimes,	 or	 longer	 night-
time	 sleep	 duration	 (OR=1.24,	 p<0.0001),	with	 this	 association	
remaining	after	adjusting	for	possible	confounders.	Alternatively,	

resilience	was	inversely	associated	with	mealtimes	being	rushed	
(OR=0.54,	 p=0.0011).	 Further,	 children	 with	 greater	 direct	 and	
indirect	 screen	exposure	 (OR=0.89,	p=0.0436),	or	 from	 families	
with	lower	parental	self-efficacy	(OR=0.97,	p=0.0195)	and	family	
satisfaction	(OR=0.84,	p=0.0004)	had	a	lower	likelihood	of	being	
resilient.

Multivariate findings
Findings	 from	 the	multivariate	 analyses	 are	presented	 in	Table 
4.	Only	those	protective	factors	that	were	statistically	significant	
at	univariate	analyses,	defined	as	having	a	p-value	of	≤	0.15,	or	
those	considered	to	have	scientific	relevance	(e.g.	TV	on	 in	the	
same	 room	 as	 the	 child)	 were	 included.	 As	 mentioned	 in	 the	
analysis	section,	each	model	was	also	controlled	for	predefined	

Time point Protective factor Domain How assessed

9	months
Frequency	that	the	TV	is	turned	on	in	
the	same	room	as	child,	whether	or	

not	they	are	watching
Screen	use

Single	item;	“How	often	is	the	TV	turned	on	in	the	same	
room	with	your	baby	[babies],	whether	or	not	your	baby	

is	[babies	are]	watching?”

9	months Parental	self-efficacy	score Parenting Single	score;	11	items	derived	from	‘What	being	the	
parent	of	a	baby	is	like	(WPL-R)’	questionnaire	[48]

9	months Satisfaction	with	help	from	partner Family	factors Single	item;	“How	satisfied	are	you	with	the	help	you	get	
from	your	partner?”

9	months Satisfaction	with	help	from	family Family	factors Single	item;	“How	satisfied	are	you	with	the	help	you	get	
from	your	family?”

2	years Maternal	separation	anxiety Parenting Single	item;	“How	often	does	leaving	child	with	other	
people	upset	you	no	matter	how	well	you	know	them?”

2	years Parental	enjoyment	score Parenting Composite	score*;	4	items

45	months Total	night	time	sleep Sleep Single	item;	“On	average,	how	much	time	does	child	
spend	asleep	at	night	in	total?”

45	months Total	daytime	sleep	(hours/day) Sleep Single	item;	“On	average,	how	much	time	does	child	
spend	asleep	during	the	day?”

45	months Frequency	of	night-time	wakening Sleep Single	item;	“On	average	how	many	times	does	wake	at	
night?”

45	months Mealtimes	are	enjoyable Family	mealtime	
environment	 Single	item;	“Mealtimes	are	enjoyable	for	everyone”	

45	months Mealtimes	are	a	rush Family	mealtime	
environment Single	item;	“Mealtimes	are	a	rush”	

45	months Mealtimes	give	the	family	time	to	talk	
to	each	other

Family	mealtime	
environment

Single	item;	“Mealtimes	give	us	time	to	talk	to	each	
other”	

45	months Frequency	of	TV	on	during	child’s	
mealtimes

Family	mealtime	
environment

Single	item;	“How	often	is	the	TV	on	in	the	same	room	
when	your	child	is	eating	a	meal?”

45	months Engagement	in	routines	score	
(composite	score*)

Family	
routines** Composite	score*;	7	items

9	months	and	2	
years***

Parent-child	relationship	score	at	
9-month	and	2-year Parenting Composite	score*;	12	items

2	years	and	45	
months***

Total	(direct	and	indirect)	screen	
exposure	at	2-year	and	45-month	

(hours/day)
Screens Composite	score*;	3	items

Note":	*Responses	for	each	item	were	dichotomised	and	then	summed.	**Family	routines	investigated	included	frequency	that	the	
child	eats	breakfast,	frequency	of	family	meals,	frequency	that	TV	is	on	during	meals,	frequency	that	child	brushes	teeth,	sleep	(night	
and	daytime	duration),	whether	the	child	goes	to	bed	at	a	similar	time	each	night.	***	When	outcomes	were	assessed	at	multiple	time	
points,	the	average	of	the	scores	was	used	in	the	analysis.	

Table 2:	Protective	factors	investigated	in	univariate	analysis.
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 Resilient 
(n=1054)

Non-resilient 
(n=313) P-value

Child Variables (n, %)
Gender

				Boy 537	(50.9) 181	(57.8)
0.033

				Girl	(ref) 517	(49.1) 132	(42.2)
Gestational age in weeks

				Pre-term	(<37	weeks) 82	(7.8) 14	(4.5)

0.128
				Term	(37-41	weeks;	ref) 944	(89.9) 289	(92.6)
				Post-term	(>41	weeks) 25	(2.4) 9	(2.9)

				Missing 3	(-) 1	(-)
Birthweight 

				Low	birth	weight	(<2500	
g) 69	(6.5) 9	(2.9)

<0.0001				Appropriate	birth	weight	
(2500-4000	g;	ref) 846	(80.3) 224	(71.6)

				High	birth	weight	(>4000	
g) 139	(13.2) 80	(25.6)

Caregiver Variables (n, %)
Relationship status*

				Partner	(ref) 610	(58.2) 196	(62.8)
0.146				No	partner 438	(41.8) 116	(37.2)

				Missing 6	(-) 1	(-)
Employment status 

				Employed	(ref) 298	(28.4) 95	(30.4)

0.772
				Unemployed 460	(43.8) 133	(42.6)

				Change	in	employment	
status** 293	(27.9) 84	(26.9)

				Missing 3	(-) 1	(-)
Self-prioritised ethnicity 

				European	(ref) 366	(34.9) 77	(24.7)

<0.0001

				Maori	 273	(26.0) 91	(29.2)
				Pacific 271	(25.8) 128	(41.0)
				Asian 108	(10.3) 11	(3.5)

				MELAA,	Other	or	New	
Zealander 32	(3.0) 5	(1.6)

				Missing 4	(-) 1	(-)
Education level 

				No	secondary	school	
qualification 210	(20.0) 56	(18.1)

0.042

				Secondary	school/NCEA	
1-4 321	(30.6) 108	(34.8)

				Diploma/Trade	
certificate/NCEA	5-6	(ref) 371	(35.4) 120	(38.7)

				Bachelor’s	degree/	
Higher	degree 146	(13.9) 26	(8.4)

				Missing 6	(-) 3	(-)

Maternal BMI before pregnancy (WHO standard)

 Resilient 
(n=1054)

Non-resilient 
(n=313) P-value

				Underweight/Normal	
(<25	kg/m2)	 392	(48.1) 49	(23.0)

<.0001
				Overweight	(25-30	kg/

m2;	ref) 200	(24.5) 50	(23.5)

				Obese	(>30	kg/m2) 223	(27.4) 114	(53.5)

				Missing 239	(-) 100	(-)
Ref=reference	 group.	 *Information	 on	 partner	 status	 was	
obtained	 from	the	9-month,	2-year	and	4.5-year	 interviews.	 It	
was	defined	as	“no”	if	the	mot`hers	had	no	partners	during	the	
study	period	and	“yes”	if	they	had	a	partner	at	least	one	of	the	
time	points.	**Information	on	employment	status	was	obtained	
from	the	2-year	and	4.5-year	interviews.

Table 3:	 Demographic	 and	 baseline	 variables	 for	 children	
considered	at	risk	for	overweight/obesity.

confounders.	 Child’s	 birth	 weight	 and	 maternal	 pre-pregnancy	
BMI	had	a	significant	effect	on	the	dependent	variable	(being	a	
resilient	child).

Resilient	 (n=750)	 vs.	 Non-resilient	 (n=197)	 children.	 Only	 one	
protective	 factor,	 night-time	 sleep	 duration,	 was	 significantly	
associated	 with	 an	 increase	 in	 the	 odds	 of	 being	 resilient	
(p=0.0004).	 A	 1-hour	 increase	 in	 the	 night-time	 sleep	 duration	
increased	odds	of	being	in	the	resilient	group	by	24%	(OR=1.24,	
95%	CI=1.10-1.39).	No	significant	effects	were	 shown	 for	other	
protective	factors	(p>0.05).

Discussion
This	 study	 aimed	 to	 identify	 characteristics	 of	 families	 with	
children	demonstrating	bodyweight	resilience.	To	our	knowledge,	
this	 is	 the	 first	 study	 that	 has	 investigated	 the	 construct	 of	
bodyweight	 resilience	 in	 pre-school	 children.	 According	 to	 our	
analysis,	 total	 night	time	 sleep	duration	was	protective	against	
childhood	 overweight	 and	 obesity	 in	 vulnerable	 children.	
Specifically,	 a	1-hour	 increase	 in	night	time	 sleep	duration	was	
found	to	increase	the	odds	of	being	a	healthy	weight	in	children	
classified	 as	 being	 at-risk	 for	 overweight	 and	 obesity	 by	 24%.	
No	other	 factors	were	found	to	be	associated	with	bodyweight	
resilience	in	the	multivariate	analysis.

For	the	present	analysis	we	used	data	from	a	subset	of	children	
involved	 in	 New	 Zealand’s	 largest	 longitudinal	 cohort	 study,	
which	has	been	shown	to	align	with	the	birth	characteristics	of	
all	 New	 Zealand	 births	 over	 the	 period	 2007-2011	 [15].	 Other	
strengths	include	our	definition	of	resiliency,	which	included	both	
an	 objective	measure	 of	 a	 positive	 outcome	 and	 a	 cumulative	
measure	of	risk	that	has	been	shown	to	be	significantly	associated	
with	 increased	 BMI	 in	 this	 population	 [22].	 Despite	 these	
strengths,	we	also	identified	a	number	of	limitations.

As	with	many	 longitudinal	 studies,	 the	 study	 data	 contained	 a	
considerable	 amount	 of	 missing	 values	 on	 protective	 factors.	
These	 missing	 data	 were	 not	 imputed	 because	 they	 did	 not	
occur	 at	 random	 and	 it	may	 have	 introduced	more	 bias	when	
using	 imputation	 methods	 than	 complete	 case	 analysis.	 Thus,	
multivariate	analyses	were	conducted	on	complete	data	(i.e.	non-
missing	data)	only.	Another	limitation	was	that	twins	and	triplets	
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were	included	in	our	analysis,	which	may	represent	a	source	of	
confounding,	 given	 growth	 trajectories	 may	 differ	 in	 the	 early	
years	 between	 singleton	 and	 multiple	 births.	 Additionally,	 the	
protective	 factors	 we	 used	 relied	 on	 self-report	 and	 therefore	
were	at	 risk	of	 social	desirability	and	 recall	bias.	 Further,	 these	
factors	 had	 to	 be	 drawn	 from	 questionnaires	 that	 were	 not	
specifically	designed	for	the	purpose	of	this	resiliency	analysis.	In	
addition,	our	definition	of	risk	was	based	on	the	GUiNZ	maternal	
vulnerability	scale	[16].	While	a	previous	analysis	demonstrated	
an	association	between	maternal	stress	and	BMI	in	this	dataset,	
this	previous	analysis	used	a	derived	version	of	 the	scale	 (9/12	
of	 the	 vulnerability	measures),	which	 specifically	 looked	at	 the	
stressors	shown	in	previous	research	to	be	associated	with	BMI	
[22].	 Further,	 when	 defining	 risk,	 the	 research	 team	 made	 a	
pragmatic	decision	to	use	two	vulnerability	factors	as	a	cut-off	for	
defining	at	risk.	Yet	it	is	possible	that	using	a	different	cut-off,	in	
particular	 four	vulnerability	 factors	as	used	 in	previous	reports,	
would	yield	a	different	result	with	respect	to	vulnerability	factors.	
However,	defining	at	 risk	as	having	 four	 vulnerability	 factors	at	
both	time	points	reduced	the	sample	size	in	the	resilient	group	
considerably,	and	we	argue	that	this	may	have	impacted	on	our	
ability	to	translate	the	findings	beyond	a	small	group	of	very	high-
risk	children.	Finally,	while	night-time	sleep	was	associated	with	

resiliency,	we	cannot	say	sleep	causes	vulnerable	children	to	be	
a	 healthy	 weight.	 In	 fact,	 the	 relationship	 between	 sleep	 and	
bodyweight	resilience	is	likely	to	be	complex	and	the	result	of	a	
number	of	direct	and	indirect	pathways.

Our	primary	finding,	that	night	time	sleep	duration	is	protective	
of	 overweight	 and	 obesity	 in	 vulnerable	 children,	 aligns	 with	
findings	 from	previous	 studies	 [31,33,39,40,42].	According	 to	a	
meta-analysis	 investigating	 the	 association	 between	 childhood	
obesity	 and	 sleep	 duration,	 short	 sleep	 duration	was	 found	 to	
be	associated	with	an	 increased	 risk	of	obesity	 in	 childhood	 in	
diverse	populations	and	therefore	was	identified	as	an	important	
factor	 for	 future	 obesity	 prevention	 strategies	 [43].	 Yet	 while	
sleep	has	consistently	been	linked	with	a	reduced	risk	of	obesity,	
the	 role	 of	 sleep	 as	 a	 pathway	 to	 bodyweight	 resilience	 is	
novel.	In	contrast,	a	recent	New	Zealand	study	that	investigated	
bodyweight	resilience	in	children	did	not	identify	sleep	duration	
as	protective	against	overweight	and	obesity	 in	at-risk	 children	
[14].	Instead,	the	study	found	engagement	in	regular	family	meals,	
the	presence	of	food-related	rules	at	home,	and	limiting	screen	
time	as	being	protective.	However,	the	study	differed	in	a	number	
of	 important	ways	 from	 the	 current	 analysis:	 it	was	 conducted	
in	adolescent	children,	the	sample	size	was	considerably	smaller	
(n=30	 families),	 it	 used	 an	 appreciative	 inquiry	 perspective	 to	

Variable Time Point P-value Adjusted odds ratio (95% CI)
How	often	is	the	TV	turned	on	in	the	same	room	with	your	baby,	
whether	or	not	your	baby	is	watching?

9	months	 0.567 0.869	(0.536-1.407)Seldom	or	never/	Once	a	week/	Several	times	a	week
Once	a	day/	Several	times	a	day	(ref)
Parental	self-efficacy	score 9	months 0.59 0.990	(0.953-1.028)
Satisfaction	with	family	help 9	months 0.061 0.882	(0.774-1.006)
How	often	does	leaving	child	with	other	people	upset	you	no	matter	
how	well	you	know	them?*	

2	years 0.052 1.410	(0.998-1.992)Never/	Rarely/	Occasionally
Often/	Very	often	(ref)
Mealtimes	are	a	rush?

45	months	 0.438 0.804	(0.462-1.397)				Never/	Rarely/	Occasionally	(ref)
				Quite	often/	Mostly
Mealtimes	give	your	family	time	to	talk	to	each	other?

45	months 0.067 1.517	(0.971-2.371)					Never/	Occasionally
					Quite	often/	Mostly	(ref)
How	often	is	the	TV	on	in	the	same	room	when	child	is	eating	a	meal?

45	months 0.176 1.301	(0.888-1.905)Never/	Almost	never
Sometimes/	Almost	always/	Always	(ref)
Total	night	time	sleep,	hours/day 45	months 0.0004 1.237	(1.099-1.392)

Total	(direct	and	indirect)	screen	exposure,	hours/day 2	years	&	
45	months 0.165 1.149	(0.944-1.398)

Note:	*Maternal	separation	anxiety:	P-values	in	bold	represent	significant	associations	(p	<0.05)	i.e.,	the	95%	confidence	intervals	(CI)	
do	not	cross	1.	The	multivariate	model	was	adjusted	for	cohort	child	gender,	gestational	age,	birth	weight	and	maternal	characteristics	
(partner	status,	employment,	self-prioritised	ethnicity,	education	level,	BMI	in	kg/m2).	Resilient	children	i.e.	those	considered	to	be	
at-risk	but	demonstrating	a	healthy	bodyweight,	were	the	reference	category	in	this	analysis.

Table 4:	Multivariate	model	of	vulnerability	in	resilient	children	vs.	non-resilient	children.
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investigate	the	construct	of	bodyweight	resilience,	and	it	used	a	
different	measure	of	risk,	namely	low	SES	Pacific	children.

The	findings	from	this	previous	study	align	more	with	the	results	
from	 our	 univariate	 analysis,	 which	 identified	 a	 number	 of	
other	characteristics	of	 families	that	appeared	to	be	associated	
with	 bodyweight	 resilience,	 including	 lower	 direct	 and	 indirect	
screen	 time,	 TV	 less	 likely	 to	 be	 on	 in	 the	 same	 room	 as	 the	
child	throughout	the	day	and	during	meals,	and	a	higher	quality	
of	 family	 meals,	 including	 mealtimes	 less	 likely	 to	 feel	 rushed	
and	 mealtime	 offering	 an	 opportunity	 for	 the	 family	 to	 talk.	
Interestingly,	when	we	ran	the	multivariate	analysis	these	factors	
were	no	longer	significant,	suggesting	that	while	important,	they	
were	likely	to	be	related	to	night	time	sleep	duration.	These	other	
variables	may	actually	represent	the	broader	construct	of	family	
organisation,	which	has	also	been	linked	with	sleep	duration.	For	
example,	it	has	been	shown	that	children	are	more	likely	to	have	
age-appropriate	 sleep	 patterns	 in	 the	 presence	 of	 household	
rules	and	regular	routines	around	sleep.	A	cross-sectional	study	
of	 US	 children	 aged	 6-17	 years	 found	 that	 well-established	
rules	 surrounding	 sleep	 hygiene	 were	 protective	 of	 sufficient	
sleep	 quantity	 and	 quality	 [44].	 Alternatively,	 a	 chaotic	 home	
environment	has	been	linked	with	dysregulated	sleep	patterns	in	
families	with	young	infants	[45].	As	such,	the	relationship	between	
family	organisation	and	sleep	outcomes	may	be	partly	explained	
by	findings	that,	 in	pre-school	children,	sleep	timing	moderates	
the	relationship	between	night	time	sleep	duration	and	BMI	[46].	
Taken	together,	the	findings	from	previous	research,	in	addition	
to	both	the	univariate	and	multivariate	analyses	conducted	here,	
suggest	that	while	sleep	is	associated	with	bodyweight	resilience,	
this	 may	 actually	 reflect	 greater	 organisation	 in	 the	 home	
environment,	which	in	turn	is	supportive	of	sleep.	As	such,	 just	
promoting	adequate	night	time	sleep	in	pre-schoolers	may	not	be	
sufficient,	there	may	also	be	a	need	to	reduce	household	chaos	
and	promote	greater	family	organisation.

Future	directions	include	elucidating	whether	it	is	sleep	alone	or	
sleep	in	the	broader	context	of	family	organisation	those	results	
in	 bodyweight	 resilience,	 and	 whether	 similar	 findings	 would	
be	 found	 if	 different	measures	of	 risk	were	used.	 In	 particular,	
although	the	decision	was	made	to	use	a	measure	of	risk	at	two	
time	 points,	 future	 analysis	 may	 investigate	 whether	 findings	
differ	when	children	with	changing	 risk	profiles	are	 included	 in	
the	analysis.	Preliminary	evidence	suggests	that	targeting	sleep	
in	 low	 income,	 racial/ethnic	 minority	 families	 has	 potential	 to	
reduce	BMI	in	pre-school	children	[47]	and	future	studies	should	
attempt	 to	 replicate	 this	 in	different	populations	with	different	
definitions	 of	 risk.	 Finally,	 it	 is	 also	 important	 to	 establish	 how	
best	 to	 improve	 long-term	 sleep	 outcomes	 in	 pre-schoolers	 in	
a	way	 that	 is	 developmentally	 safe,	 culturally	 appropriate,	 and	
protective	of	the	parent-child	relationship.	

Conclusion
The	 current	 analysis	 demonstrates	 the	 importance	 of	 night	
time	 sleep	 duration	 specifically,	 and	 family	 organisation	 more	
generally,	in	promoting	bodyweight	resilience	in	children	exposed	
to	a	cumulative	measure	of	risk. 
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