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experiences: a prospective cohort study
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Christa Fouche® Boyd Swinburn' and Ladan Hashemi'®*

Abstract

Background Despite potential protective and mitigating effects of positive childhood experiences (PCEs) on

poor health outcomes, limited research has identified relevant PCEs and examined their individual and cumulative
associations with weight status, or their mitigating effects on the associations between adverse childhood
experiences (ACEs) and obesity in children. This study aims to develop an exploratory PCEs Index with the potential to
protect against or mitigate the association between ACEs and unhealthy weight status.

Methods Data came from the Growing Up in New Zealand study. The analytic sample was restricted to those who
provided obesity data at age 8 and one child per mother, resulting in a sample of 4,895 children. Nine individual ACEs
and their cumulative scores, a newly developed PCEs index consisting of six individual PCEs and (their) cumulative
scores, and an overweight/obesity variable were included in the analyses.

Results By age eight, experience of at least 3 PCEs was reported by 72.1% of the sample. However, the experience
of the highest number of PCEs (5-6) was only reported by 23% of the sample. Four out of six assessed PCEs were
associated with decreased likelihood of overweight/obesity. A dose-response effect was observed where experience
of three or more PCEs was associated with decreased odds for obesity (AORs decreased from 0.77 for 3 PCEs to 0.54
for 5-6 PCEs). No consistent mitigating effects were found for individual PCEs; however interactions were found
between reporting at least four of the six PCEs, experience of cumulative ACEs, and reduced odds for overweight/
obesity at age 8.

Conclusions A critical number of PCEs may be required to mitigate the detrimental impacts of ACEs on weight

status among children. These findings reinforce the need to consider a constellation of strength-focused ecological
domains to alleviate the burden of childhood obesity, particularly for children exposed to multiple adversities.
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Introduction

Overweight and obesity in childhood have long-term
impacts on health and wellbeing [1-4], and rates are
increasing internationally [5]. In light of unsuccessful
child obesity reduction efforts, the contributions of a
broader range of social, emotional, and environmental
contexts of child development must be examined to gain
a more complete understanding of possible risk and pro-
tective factors for unhealthy weight in children [6, 7].

International research has shown that individuals
impacted by Adverse Childhood Experiences (ACEs) are
at greater risk of developing obesity [7-9], in addition
to a range of poor physical and mental health outcomes
across the lifespan [10-13]. ACEs include indicators
of child abuse and family dysfunctions (e.g., mental ill-
ness, substance abuse, incarceration, parental separation
or death, and intimate partner violence) [10, 12]. Most
research linking ACEs and obesity has measured this
relationship in adults, but there is limited information
about this risk in children [8]. In response to critiques
that ACEs research overemphasizes risks in lieu of pro-
tective factors [14, 15], research has recently begun to
identify positive childhood experiences (PCEs) that may
promote childhood resilience, healthy development, and
counter the damaging effects of adversity [15-19]. PCEs
encompass a range of domains including family and par-
enting environment, healthcare services and education,
peer relationships, cultural and community connected-
ness, and neighborhood environment [20, 21].

PCEs remain relatively underexplored compared with
ACEs research [22]; for example, most existing data has
relied on small or non-representative and standardized
PCE measurement tools are underdeveloped or designed
for retrospective assessment of PCEs during adulthood
[20, 21, 23]. Further, prior research has focused on the
protective role of PCEs using a limited range of PCEs [20,
24], or independently examined individual PCEs [17].
Scholars have emphasized the need for ecological mod-
els of childhood experiences that draw on a constellation
of environmental factors [17]. This aligns with theoreti-
cal frameworks such as Bronfenbrenner’s Ecological Sys-
tems Theory [25], which posits that child development is
influenced by a range of interconnected systems, within
which ACEs and PCEs coexist and shape outcomes [20,
21].

Resilience has been posited as a protective mechanism
for obesity prevention in childhood [8]. Understand-
ing what differentiates children who exhibit resilience is
critical for improving the effectiveness of health-related
prevention and intervention efforts for children exposed
to adversity. Research shows that resilience-building

traits, (such as self-esteem, emotional regulation, and
prosocial skills), equip children to manage stress, foster
positive social interactions, and maintain a sense of self-
worth [26-28]. PCEs contribute to the development of
resilience-building traits [29], which may potentially dis-
rupt the theorized biological pathways linking ACEs to
poor health and well-being [20, 30—34]. However, limited
research has examined the association between PCEs
and weight status or their mitigating effects in ACEs-
obesity association in children and adolescents [24, 35].
Further research is required to understand these con-
nections and to identify crucial intervention points for
addressing physical and mental health challenges associ-
ated with ACEs [17]. The present study aims to address
these gaps by developing an exploratory PCE Index to
further understanding of the relationship between PCEs
and unhealthy weight status in a prospective cohort of
New Zealand (NZ) children, with potential to mitigate
the association between ACEs and unhealthy weight sta-
tus. This study focuses on identifying PCEs that may be
modifiable through public health interventions or policy
initiatives, which, unlike non-modifiable factors such as
genetic predispositions, are actionable targets for child
obesity reduction efforts.

Methods

Population and data

Participants were members of Growing Up in NZ
(GUINZ), a contemporary NZ-based prospective cohort
study, for which methodological details can be found
elsewhere [36]. The study antenatally recruited 6853 chil-
dren born between 2009 and 2010; characteristics of the
original cohort aligned with the national birth cohort
during 2007-2010 [36]. Data collection waves (DCWs)
used face-to-face and phone interviews to gather infor-
mation on various aspects of the children’s development
and family environment. Ethics approval was granted by
the NZ Ministry of Health Northern Y Regional Ethics
Committee, and all enrolled parents provided informed
consent.

Follow-up procedures included regular data collection
points from pregnancy through various stages of the chil-
dren’s development. Major DCWs occurred antenatally,
at birth, at 6 weeks, at 9 months, at 2 years, at 4.5 years,
and at 8 years, up to the time of this study.

The current study was restricted to one child per par-
ticipating mother and to those who provided obesity
data during the age 8 DCW (2017-2019), resulting in an
analytic sample of 4,895 children. Compared to children
recruited at baseline, children lost to attrition by DCW8
were more likely to be in lower socioeconomic groups, of
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an ethnicity other than European, have younger mothers,
and present BMI in the range of overweight/obesity at
age 4.5 years (Supplementary Table 3).

Reporting of this analysis follows the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines [37].

Key measures

ACEs

A literature review was conducted to compile a com-
prehensive list of commonly studied ACEs. All available
GUINZ datasets and instruments (from antenatal data
collection up to age 8) were systematically reviewed to
identify proxies for commonly investigated ACEs. To
capture a wide range of adversities and reduce bias asso-
ciated with parental reporting, we included both child
and parent reports and utilised standardised question-
naires across eight waves of GUINZ data.

Specifically, we constructed dichotomous indicators
of exposure for nine ACEs: child exposure to emotional
abuse, physical abuse, parental substance (alcohol/drug)
abuse, parental mental illness, parental incarceration,
parental separation/divorce, intimate partner violence
(IPV) against the mother, maternal experience of ethnic
discrimination, and peer bullying. Each ACE was iden-
tified through multiple questions, with predetermined
criteria applied to synthesise responses; an ACE was con-
sidered present if it was reported in one or more ques-
tions, regardless of any inconsistencies across responses.
Due to the absence of direct data on children’s personal
experiences of ethnic discrimination, we used the moth-
er’s exposure to ethnic discrimination as a proxy for this
ACE.

An ACE score (0, 1, 2, 3, or 4+ ACEs) was generated to
reflect the cumulative exposure to adversities. ACE mea-
sures are detailed in Supplementary Table 1.

Overweight/obesity

Body mass was measured by interviewers collecting
child’s weight and height measurements during the DCW
at age 8. BMI-for-age z scores were derived using World
Health Organization 2006 child growth chart standards
and binarized into normal or underweight versus over-
weight or obesity. Combined overweight/obesity was
used to ensure sufficient data density for interactions and
enable comparability with prior studies [24]. BMI catego-
ries were utilized to enhance the clarity of the findings
for non-specialists (such as policymakers, educators, and
healthcare providers), supporting the translation of them
into interventions and policy recommendations.

PCEs
Given the plethora of instruments and variables col-
lected on potential PCEs in GUINZ, a post-hoc approach
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was employed for PCEs selection to explore the under-
researched field of PCEs and child weight. PCEs were
based on the Healthy Outcomes Positive Experiences
(HOPE) Framework developed by Sege and Browne, as
it provided a well-supported conceptual basis for devel-
opment of a PCE Index using available GUINZ data [15,
38]. HOPE comprises four broad categories for PCEs to
align with: (1) being in nurturing, supportive relation-
ships, (2) living, developing, playing, and learning in safe,
stable, protective, and equitable environments, (3) hav-
ing opportunities for constructive social engagement and
connectedness, (4) learning social and emotional compe-
tencies [15].

PCE measures which focused on the presence of assets
(rather than absence of adversity) were mapped to three
HOPE categories, as the fourth domain (learning social
and emotional competencies) may be an indicator of out-
comes [22]. PCEs collected prior to DCW8 were priori-
tized to enable temporal sequencing by comparison with
age 8 outcomes.

For refinement, PCEs were selected if they were achiev-
able and modifiable, and met at least one of the following
criteria:

a. Associated with reduced odds of reporting
overweight/obesity at age 8 (after sociodemographic
adjustment), to test predictive validity of the PCE
index for overweight/obesity;

b. Interacted with reduced odds of reporting
overweight/obesity at age 8 (after sociodemographic
adjustment) for at least one ACEs score;

c. Closely bordered decreased odds for overweight/
obesity at age 8, if supported by published literature.

Six PCEs were selected: parents in a committed rela-
tionship, mother interacted well with child, mother
involved in social groups, child engaged in experiences
and activities, child lived in a house with routines and
rules, and child attended effective early childhood edu-
cation. PCE measures were transformed into binary
variables (Yes/No) set around the 55th percentile of the
sample responses, to capture slightly better than average
responses. PCE measures are detailed in Table 1.

PCE variables were binarized to improve result inter-
pretability, particularly in identifying the number of PCEs
needed to mitigate ACE effects. A cumulative PCE score
was calculated and grouped (0-1, 2, 3, 4, and 5-6 PCEs).
Given the small sample size for each cell, this enabled us
to ensure adequate statistical power to detect meaningful
associations and interactions (sliced up by overweight/
obesity, ACEs score, and PCEs score). Four different
groups of binarized PCEs scores were tested to find the
optimal number of PCEs with the potential to mitigate
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the impact of ACEs on the outcome variable (0-1 vs.
2—-6,0-2 vs. 3—-6, 0-3 vs. 4—6, 0—4 vs. 5-6).

Certain PCEs from later GUINZ waves were omitted
from our list due to potential social desirability biases or
insufficient predictive validity with weight status. While
the ACEs list includes adversities up to age 8, the final list
of PCEs encompasses positive experiences in the child’s
life up to age 5, in attempt to capture early exposure to
resilience-building factors that may precede experience
of ACEs.

Covariates

Sociodemographic variables were used to explore the
prevalence rates of ACEs scores, individual PCEs and
PCE scores, and the overweight/obesity indicator among
sub-populations and as potential confounders in mul-
tivariable analyses. Demographic characteristics of the
child were child’s sex and ethnicity. Socioeconomic status
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measures included food insecurity and area deprivation
level [39].

Analytic methods

Statistical analyses were performed using Stata 15 [40].
Prevalence rates for all variables were computed, and
bivariate associations between sociodemographic charac-
teristics and ACEs scores, individual PCEs, PCE scores,
and overweight/obesity were evaluated using x> tests
(Tables 2 and 3).

Associations between individual PCEs and PCEs scores
and overweight/obesity were assessed using logistic
regression analyses, presenting odds ratios unadjusted
and adjusted for sociodemographic characteristics
(Table 4). Associations between ACEs scores and over-
weight/obesity were assessed using logistic regression
analyses and are reported as unadjusted and adjusted
odds ratios in Table 5.

Table 2 Sociodemographic distribution of the GUINZ sample, ACEs scores, and overweight/obesity, and prevalence of overweight/

obesity by ACEs scores
Total ? ACEs score Overweight/obesity (BMI)
0 1 2 3 4+
4,895(100) 640 (12.9) 1355(27.4) 1334(27.0) 828(16.7) 789(16.0) 1682 (34.36)

Gender

Boy 2,522 (51.5) 303(11.9) 689 (27.1) 693 (27.2) 432 (16.9) 433 (17.0) 895 (35.49)

Girl 2,373 (48.5) 337 (14.7) 666 (27.8) 641 (26.8) 396 (16.5) 356 (14.9) 787(33.16)

xz (p-value) 8.52(0.07) 2.93(0.087)
Child’s prioritised ethnicity®

Maori 1,099 (22.8) 85(7.7) 199 (17.9) 298 (26.9) 216 (19.5) 313(28.2) 495 (45.04)

Pacific 524 (10.9) 27 (5.0) 82 (15.3) 126 (23.5) 131 (244) 171 (31.8) 358 (68.32)

Asian 695 (14.4) 75(10.7) 175 (24.9) 219(31.0) 130(18.5) 105 (14.9) 181 (26.04)

MELAA 105 (2.2) <10/ (86) 35(33.3) 35(33.3) 18(17.1) <101(7.6) 29 (27.62)

European 2,406 (49.8) 431(17.8) 853(353) 638 (26.4) 318(13.2) 179 (7.4) 595 (24.73)

x? (p-value) 579.85 (0.001) 446.06 (0.001)
Experienced food insecurity®

No 3,689 (80.9) 543 (14.62) 1134 (30.5) 1053 (28.5) 566 (15.2) 418 (11.3) 1,116 (30.25)

Yes 871(19.1) 62 (7.0) 141 (15.9) 189 (21.3) 193 (21.8) 301 (33.9) 423 (48.56)

xz (p-value) 354.59 (0.001) 105.68 (0.001)
Area deprivation level (NZDep)¢

Least 1,745 (35.8) 308 (17.5) 610 (34.7) 491 (27.9) 221(12.6) 128 (7.3) 454 (26.02)

Moderate 1,841 (37.8) 242 (13.1) 521(28.1) 517 (27.9) 320(17.3) 256 (13.8) 568 (30.85)

Most 1,283 (26.4) 86 (6.6) 218(16.7) 317 (243) 280 (21.5) 403 (30.9) 650 (50.66)

x* (p-value) 468.64 (0.001) 215.14 (0.001)
Overweight/obesity® 141 (22.2) 386 (28.7) 437 (33.0) 327 (40.0) 391 (50.5) -

x> (p-value) 162.76 (0.001)

Note. ? The total sample used in the present study was restricted to those who had obesity data at DCW8

b Ethnicity (DCW4) was externally prioritized based on NZ Ministry of Health protocol to the categories: Maori (NZ indigenous peoples), Pacific peoples, Asian, Middle
Eastern/Latin American/African (MELAA), and NZ European/New Zealander/Other (‘European’). European and New Zealanders were combined as the majority of
those who identify as New Zealanders are European [71]

€ Food security was identified if the mother confirmed that they could “always” afford to eat properly. Responses of “sometimes” or “never” were recorded as

indicating food insecurity /(DCW8)

42013 Index of Deprivation [39], categorized into “Least deprived (NZDep 1-3)", “Moderately deprived (NZDep 4-7)", and “Most deprived (NZDep 8-10)"
€ For prevalence of overweight/obesity by each ACEs score, column percentages are presented

f Cells have fewer than 10 counts. Exact numbers not reported to protect the anonymity of participants

The bold font indicates significant p-value at p <.05



Page 7 of 14

(2025) 25:8

Mellar et al. BMC Public Health

(L00°0) 9'/¥€ (€00°0)09L  (L00°0)89LL (100°0) 0'6S (100°0) /78 (L00°0) €'LC (100°0) 606€ (enjea-d) X
(60 : 8 (06l /¥l (8€0) V8 (€6)6¥vz  (S12) 991 61) L€ (r'so)8le (€h) vee (£°09) L9¥ (19 0¥ (L) Ove SOV +¥
(Lsns (T 18l v 66 (1L @ol)eel ¥'/¥)oLe (L'T€) 99T (vsh) 8¢ (§59) 81§ (¥'89) 9t¥ (¥'65) 0LF SIOV €
(v gee (990 €se  Wyovee  (BvL) L6l e vel (£'25) 899 (S'1¥) 6¥S (€59 stL (S¥/) ¥96 (1'29) ¥9£ (0%2) 956 SV ¢
(s 6Le (180 L8 (€ vmv oce  (€€l)6 (19) 8 (1'19) 129 (6'9%) 629 (8'85) ¢8/ (€91 ¥10'L (9%9) 56/ (1'82) 8€0'L EBVA
(Gze)o0r (€80 6LL (01D € (Fel) S8 (Lv) o€ (629 €ze (So9)6le (1'69) LL€ (TsL) 89% (€£9) L6 (¥'s8) LES S3OV 0
9100S s3)VY
(Loo'0) 6742 FeLro) oy (100°0) 69 (100°0) /91 (100°0) £'1T (100°0) 687 (100°0) 9%S1L (an[ea-d) ,
(orlhogl  (@elorz  (@¥D)8lE  (S¥D) 88T  (961) 15T (€8%) 7L (9'1¢) €0 71y £1S (6'99) /28 (559 ¥29 (0'95) 769 1SOW
v vy WSO Lov  (6%0)8SF (551098  (00L) ¥8L (6'6%) 988 (L'\¥) 191 (€75) 886 (1) 96T (£'€9) 160'L (O'12) s6T'L 31eI9PON
98066y  (€60)TLS (17D 98E  (OFl) #ST (¥'S) ¥6 (075) 688 (09) L0 (Tz9)9.0'L (L) 6871 (09) €501 (692) 8CE'L jsea]
(da@zN) |9A9] uoneandap eary
(Loo'0) €20t (¥00°0) €8 (100°0) 8'/ (L00°0) £/S (100°0) £'L€ (100°0) ¥'€T (100°0) 9L (3n[ea-d) ,
(Gzheol  @®@Lo6l  (Sersor (OLD€sL (L'l w8l (Tor) 6L€ (1'1€) 69T (L'ek) 99¢ (@9) ¥vS (Ts9) 9ocy (0°€9) 8t SOA
(€900696  (0/0)666  (C¥O)T68  (0GL)TSS Q1) 6/C (L19) 6v8'L 6€r) L1991 (S£9) 101'C (6'€£) 089'C (F$9) 20T'C (6€4)6/9'C ON
Ayandasui pooy pasuanadxy
(Loo'0) 8Tl (100°0) €57 (L00°0) 9°€lLL (1L00°0) 7’841 (100°0) /69 (L00°0) €6/ (100°0) 8'9€ 1 (enfea-d) X
(e eys (5800989 (9T svs  (STl) o (1's) el (F'es) vor'L @8k 091l (¥'09) 6111 09/ €18l (5'£9) 1%L (L'22) €81 ueadoing
(I8t (Tse) L€ (061) 0T (612 €T (L9)oL> (1'6€) Lt (60p) € (1'89) 19 (XFAR7 (€€9) /S (€4 SL YY1IW
(801S.  (LzV)€TL (©90s8L (€€0) 29 @10 051 (1'6€) 59¢ (0€e) 6TC (0%¢) o (1'09) £0¥ (0'61) c6C (1'99) £t ueisy
6rl)8,  (®6L¥0L  (FSDeEl (6T 0T (691) 68 (1'8%) 9€C (¥'0€) 851 (€'€h) 0TC (€04) ¢5€ (£'99) 19T (£°09) ¥0€ dyided
(98 ¥or  @®SO¥8r  (WSoelz (L8190  (SLL)9TL 19 ¥ (Ove) 6L (€49 129 (L'69) 1S (1'09) 519 (£'65) ¥79 el
Apuyis paspuoud spiyd
(80t70) 0% (100°0) €'€L (150 ¥0 (8%00) 6'€ (T10°0) €9 (1L00°0) 9°€L (5/80) €00 (en[ea-d) ,
(6€0) 295 BV L6S (€% 95  (F9l)06e  (S0L) 8K (679 o'l (I'L¥) 026 (F'es) 9L (£'69) ¥ (819) Tyl (£'69) o'l M)
(120 8ss  (9509%9  (Fen) 065 (SLD Ly (€11)98¢ (1'6%) £51L (Cop) LLO'L (Ts9) €€l (0€/) 108'L (565) £5€'L (S69) €LLL fog
Japuan
(0€r) sTL'L (€50 L€T'L (8'€T)99L'L  (0°ZL) LE8  (6°0L)PES  (T0S)6SET  (9°0b) L86'L (8'€S) 665°C ('LL) ser's (0°29) 008°T (9'69) s€€’
oulljnos
303 R S9N yum sdnoub |eld>os PIIY> yum Q_r_mco_um_w‘_
Yilm paysijes awoy ul saduanadxa Ul POAJOAUL  ||9M pa)1deud) paniwwod
$30d 9-§ s1Dd ¥ s1dd € S1DdT sIDdL-0  semusylop PaAl pliyD  ul pabebus pjiyd 1aylop -uriaylow uriaylonw

(9%)u ‘21035 s3dd

(%)u “s3Dd [enpiAIpu]

$21025 S3DV pue sa)Isla1eIeYd d1ydelbowsponos Ag (684 = U) ajdwies ZNIND aU3 Ul S2103s S30d pue s30d [BNpIAIpUl JO uonnguisiq € ajqel



Mellar et al. BMC Public Health (2025) 25:8

Page 8 of 14

Table 4 Prevalence of overweight/obesity by individual PCEs and PCEs scores, and odds ratios for associations between individual

PCEs, PCEs scores and overweight/obesity

Overweight/Obesity (n=1,682)

n(%) OR[95% Cl] AOR [95% Cl]

Individual PCE

Mother in a committed relationship (n=3,335) 1054 (31.6) 0.70[0.61-0.79] 0.83[0.72-0.96]

Mother interacted well with child (n=2,800) 880 (31.7) 0.77 [0.67-0.87] 0.82[0.72-0.95]

Mother involved in social groups (n=3,425) 1133 (33.1) 0.86 [0.75-0.98] 0.87[0.75-1.01]

Child engaged in experiences (n=2,599) 823 (31.7) 0.79[0.70-0.89] 0.86[0.75-0.98]

Child lived in a home with routines and rules (n=1,981) 572 (28.9) 0.66 [0.58-0.75] 0.75[0.66-0.86]

Mother was satisfied with ECE (n=2,359) 814 (34.5) 1.04[0.92-1.17] 1.04[0.91-1.19]
PCE Scores

0-1PCEs (n=534) 242 (45.3) Ref. Ref.

2 PCEs (n=831) 313(37.7) 0.73[0.58-0.91] 0.75[0.58-0.97]

3 PCEs (n=1,166) 420 (36.0) 0.68 [0.55-0.84] 0.77 [0.60-0.98]

4 PCEs (n=1,237) 410 (33.1) 0.60 [0.49-0.74] 0.69[0.54-0.88]

5-6 PCEs (n=1,125) 297 (26.4) 0.43 [0.35-0.54] 0.54[0.42-0.69]

AOR: Odd ratios adjusted for child’'s gender, food insecurity, child’s ethnicity
The bold font indicates significant OR/AOR at p <.05

Table 5 Multivariable models for odds of overweight/obesity by PCEs, ACEs scores, and PCEs/ACEs interaction terms

Overweight/obesity

AOR? [95%Cl]

Model 1°

Model 2¢

0-1 (ref.) vs. 2-6 PCEs 0-2 (ref.) vs. 3-6 PCEs 0-3 (ref.) vs. 4-6 PCEs 0-4 (ref.) vs. 5-6 PCEs

Model 3

Model 4

Model 5

Adjusted for SES covariates &
unadjusted for ACEs

Adjusted for SES covariates &
ACEs score

ACE Index (Ref=0)
1ACE
2 ACEs
3 ACEs
4+ACEs
Interaction: PCEs x ACEs
PCEs x 1 ACE
PCEsx 2 ACEs
PCEs x 3 ACEs
PCEs x4+ ACEs

1.45[1.14-1.84]
1.51[1.19-1.92]
1.84[1.43-2.38]
2.30[1.77-3.00]

0.60[0.50-0.71]

0.75[0.60-0.94]

1.44[1.14-1.83]
1.50[1.18-1.90]
1.80[1.39-2.33]
2.23[1.71-2.90]

1.12[0.37-3.35]
1.66 [0.57-4.82]
1.47[0.51-4.25]
1.13[0.40-3.22]

0.69 [0.60-0.78]

0.8710.75-1.01]

1.45[1.14-1.83]
1.50[1.18-1.90]
1.80[1.39-2.34]
2.23[1.71-2.91]

0.97[0.52-1.82]
1.04 [0.56-1.92]
1.13[0.60-2.12]
0.89[0.48-1.67]

0.68 [0.61-0.77]

0.82[0.72-0.94]

1.43[1.13-1.82]
1.49[1.17-1.89]
1.77 [1.37-2.30]
2.20[1.68-2.87]

0.60 [0.36-0.99]
0.57[0.35-0.95]
0.62 [0.36-1.05]

0.50[0.29-0.86]

0.62[0.53-0.72]

0.75[0.64-0.89]

1.43[1.12-1.81]
1.48[1.17-1.88]
1.77 [1.37-2.29]
2.20[1.68-2.86]

0.60 [0.36-0.99]
0.59[0.35-0.98]
0.71[0.39-1.30]

0.36 [0.18-0.70]

Note. ? SES covariates were child’s prioritized ethnicity (DCW4), child’s gender (DCWO0), food insecurity (DCW8)

b Model 1 is unadjusted for PCEs
©Models 2-5 are adjusted for SES covariates, ACEs, and PCE thresholds
The bold font indicates significant OR/AOR at p <.05

For assessing the combined effect of cumulative
PCEs and ACEs, we used a series of binary PCE scores
to ensure adequate statistical power to detect meaning-
ful interactions given the small cell sizes (sliced by over-
weight/obesity, ACEs score, and PCEs score). We tested
four different binary PCEs scores to find the optimal
number of PCEs for mitigating the impact of ACEs on
overweight/obesity (0-1 vs. 2—6, 0-2 vs. 3-6, 0-3 vs.
4—-6, 0—4 vs. 5-6). Separate multivariable logistic regres-
sion analyses were conducted to evaluate associations
between cumulative PCEs scores and overweight/obesity

while adjusting for sociodemographic characteristics, and
also unadjusted and adjusted for ACEs scores (Table 5).
Multivariable logistic regressions were used with interac-
tion terms to identify changes between overweight/obe-
sity for different PCEs and ACEs scores (Table 5).

All multivariable models were adjusted for child’s sex,
child’s ethnicity, and food insecurity. We did not adjust
for area-level deprivation to avoid multicollinearity
between sociodemographic variables. Odds ratios are
presented with 95% confidence intervals throughout, and
statistical significance was set at p<.05.
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Results

Just over half of the study population were boys (51.5%),
and half were European (49.8%). Maori children com-
prised 22.8% of the sample, followed by Asian (14.4%),
and Pacific children (10.9%), 19.1% of the sample were
identified as food insecure at DCW8 (Table 3).

ACEs exposure was prevalent in the sample: around
54% reported 1 or 2 ACEs and 32% reported at least 3
ACEs. Higher ACEs were more prevalent among Maori
or Pacific children, and those living in the most deprived
areas and in food insecure households (Table 3).

Overall, 34.4% of the sample’s BMI z-score placed
them in the overweight/obesity category at age 8. Over-
weight/obesity was more prevalent among Pacific and
Maori children, and those living in food insecure house-
holds or higher deprivation areas (Table 3). A trend was
observed between ACEs scores and overweight/obesity,
with higher ACEs scores associated with increased odds
of overweight/obesity. For example, those who experi-
enced 1 ACE were 1.45 [1.14-1.84] times more likely to
present overweight/obesity at age 8, compared with those
who reported no ACEs (Model 1, Table 5), the odds ratio
increased to 2.30 [1.77-3.00] times for those who experi-
enced 4+ ACEs.

Mother involved in social groups was the most preva-
lent PCE reported by 71.4% of the sample, followed
by mother in a committed relationship (69.6%). Liv-
ing in a household with routines and rules was the least
prevalent PCE reported by (40.6%) of the sample. Some
sociodemographic differences were observed across indi-
vidual PCEs. For example, boys were more likely to have
a mother involved in social groups and they were more
likely to be engaged in experiences and activities than
girls, whereas girls were more likely to have mothers who
were satisfied with their ECE and who interacted well
with them. PCEs were less prevalent among Asian chil-
dren, those living in the most deprived areas, and those
living in food insecure households (Table 3).

Regarding cumulative scores, experience of at least
3 PCEs was reported by 72.1% of the sample. However,
around one in ten (10.9%) experienced zero or only one
PCE, and the 5-6 PCEs was only reported by 23% of the
sample. The prevalence of multiple PCEs varied across
sociodemographic subgroups and showed similar pat-
terns to individual PCEs. In the context of ACEs, the pro-
portion of those reporting each individual PCE decreased
as the number of ACEs increased. A similar pattern was
observed for cumulative PCEs where, higher ACEs scores
were accompanied by lower PCEs scores, and lower
ACEs scores were accompanied by higher PCEs scores
(Table 3).

Table 4 demonstrates the predictive validity of protec-
tive effects for each individual PCE on overweight/obe-
sity at age 8; four individual PCE were associated with
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decreased odds of overweight/obesity. In terms of cumu-
lative impact, a dose-response association was observed
for crude associations, with additional PCEs conferring
lower odds of overweight/obesity. After sociodemo-
graphic adjustment, a stepwise association was not clear
for less than 3 PCEs but was maintained from 3 PCEs
(AOR 0.77 [0.60—0.98]), 4 PCEs (AOR 0.69 [0.54—0.88]),
to 5-6 PCEs (AOR 0.54 [0.42-0.69]).

We did not find consistent mitigating effects for indi-
vidual PCEs (Supplementary Table 2). After controlling
for ACEs scores and sociodemographic characteristics,
associations between cumulative PCEs with overweight/
obesity slightly attenuated (Table 5). Interactions were
found between reporting at least four of the six PCEs,
experience of 1 ACE, 2 ACE or 4+ACEs and reduced
likelihood for overweight/obesity at age 8. That is, chil-
dren who experienced 4+PCEs had lower odds of
overweight/obesity at all levels of ACEs (except for 3
ACEs) than children who experienced less than 4 PCEs
(Table 5).

The mitigating effect was stronger for 5-6 PCEs com-
pared to 4-6 PCEs. Notably, among children with
4+ ACEs, those with 5-6 PCEs had 64% lower odds of
overweight/obesity (AOR 0.36 [0.18-0.70]), while those
with 4-6 PCEs had 50% lower odds of overweight/obe-
sity (AOR 0.50 [0.29-0.86]). Interestingly, within the
group of children with 4-6 PCEs, those with 4+ACEs
experienced lower odds of overweight/obesity than those
with 1 or 2 ACEs (Table 5).

Discussion

The PCEs Index developed in this study supported
the hypothesis that PCEs may mitigate the association
between ACEs and child weight at age 8 years. Our find-
ings can inform future development of PCEs Indices for
childhood obesity and other health outcomes, includ-
ing further validation of tools for appropriate PCEs
measurement.

Using data from a large cohort of NZ children, this
study found that high counts of ACEs and PCEs were
prevalent among the GUINZ cohort with almost one in
three experiencing 34+ ACEs and one in four experiencing
5-6 PCEs. However, there were observable inequities;
children living in financially disadvantaged households
experienced a higher number of ACEs and the low-
est prevalence of experiencing all individual PCEs and
lower PCEs scores. The prevalence of ACEs found in
this study is substantially higher than those reported in
retrospective cross-sectional studies utilizing standard-
ized ACEs questionnaires [12, 41], but is in the range of
those reported in international prospective ACEs studies
[42]. Comparison of PCE prevalence rates found in other
studies is difficult due to methodological inconsistencies,
such as varying PCE definitions (including cumulative



Mellar et al. BMC Public Health (2025) 25:8

versus individual PCEs) [29] and sample heterogeneity
(notably retrospective PCEs assessment in adults) [14].

In line with previous studies [7], we found a dose-
response association between exposure to higher ACEs
scores and higher odds of childhood overweight/obesity.
An inverse pattern was found for PCEs; a higher num-
ber of PCEs was associated with reduced likelihood of
overweight/obesity at age 8, which held true regardless
of ACEs score and socioeconomic status. The observed
indications for a protective effect of PCEs against child-
hood overweight/obesity supports findings of limited
existing research [24].

In addition to protective effects, our findings also indi-
cate that cumulative PCEs may mitigate the impact of
ACEs on the development of overweight/obesity. How-
ever, at least 4 PCEs were needed for mitigating effects to
manifest, and the effect of ACEs on weight status could
not be alleviated when children experienced 3 or less
PCEs. This is consistent with limited existing evidence
suggesting that individual PCEs or a low number of PCEs
is not enough to prevent or mitigate negative health out-
comes [14, 20, 43].

The association between ACEs and unhealthy weight
status identified in our study underscores the importance
of targeting children at risk of adversity and implement-
ing primary ACE prevention strategies. Our findings
on the protective and mitigating effects of PCEs against
overweight/obesity highlight the need to identify and
support existing PCEs and resiliency factors within
families and communities. Additionally, considering the
interaction between PCEs and ACEs in relation to obe-
sity may improve intervention efforts by leveraging exist-
ing strengths within communities and families [44].

Informed by the HOPE Framework and contrasting
with highly individualized (and often victim-blaming)
approaches commonly found in childhood obesity inter-
ventions, our findings on the protective and mitigating
cumulative impact of PCEs underscore the importance
of considering multiple ecological domains of children’s
lives when conceptualizing PCEs [45].

Our findings serve as a policy, social and economic
imperative for creating healthy and PCEs-promoting
environments for children and their families to allevi-
ate the burden of diseases such as obesity [23]. Through
consideration of the insofar underexplored role of fam-
ily environments and relationships in the prevention and
treatment of childhood obesity in New Zealand, factors
included in our PCE and ACE indexes can assist with the
development of family-based interventions and preven-
tion strategies. For example, our study shows that provi-
sion of appropriate and effective support for parents and
families, especially those at-risk of experiencing adver-
sity, is essential to both preventing ACEs and for mitigat-
ing their effects. Therefore, government-funded mental
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health and educational programs and related support
services for parents should be well-funded and targeted
to meet the needs of different communities. Further-
more, the importance of healthily enforced rules and
routines should be emphasised for parents, healthcare
workers, and educators. This is of particular importance
to child obesity outcomes as explored in this study, as
promotion of healthy weight behaviours may be particu-
larly challenging if home environments are not support-
ive of household routines. Consistent household routines
require planning, time and clear communication, and are
essential to the establishment of stability and predictabil-
ity for young children [46], all of which can be less fre-
quent and more complex in families that face adversity
[47].

While research has shown that early family environ-
ments and effective parenting (including responsiveness,
warmth, and discipline) can influence developmental out-
comes related to flourishing [44], resilience [17], and obe-
sity [48, 49], PCEs explored in our study also highlight the
need for broader evidence-based tools and intervention
strategies based outside families to outweigh ACEs [44].
Directing attention towards neighbourhood and commu-
nity-level contributors to obesity (such as lack of access
to green/recreational spaces, social/community activi-
ties, and healthy foods) naturally aligns with ecological
approaches to PCEs and ACEs research [50, 51]. Trauma-
informed approaches also parallel many evidence-based
strategies for supporting healthy weight behaviours in
children (e.g., consistent home routines, extracurricular
activities) [46, 52], which can be more complex in fami-
lies who face adversity [47]. Similarly, while primary pre-
vention of ACEs remains the best course of action [53],
strategies for preventing ACEs often align with identi-
fied PCEs, such as promoting and investing in public set-
tings like education, healthcare services, and community
and recreational activities (e.g., after-school programs,
libraries, pools, and social groups) [12], which may play
convergent roles in supporting healthy development for
children and families at the population-level. Population-
level efforts must also target socioeconomic and ethnic
inequities for ACEs and PCEs to ensure a more inclusive
and supportive environment. Higher prevalence rates
of ACEs among ethnic minority groups, particularly
Maori and Pacific peoples who also face the compounded
effects of racism and colonization [54, 55], may contrib-
ute to and further entrench inequities in obesity rates
and related health outcomes. Prevention of ACEs, par-
ticularly for Maori communities, also requires addressing
and healing the intergenerational and historical impacts
of trauma. Trauma-informed and culturally-appropriate
approaches, and adequate resourcing of such services,
are especially important for communities that experi-
ence structural inequities and discrimination in access to
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healthcare, including obesity treatment [56, 57]. This may
be of particular relevance where differences in associa-
tions between ACEs and obesity may exist, and for those
with lower likelihood of experiencing PCEs.

This study supports the need for large-scale surveys
and standard data collection to integrate PCEs assess-
ment to advance knowledge of child development and
wellbeing by capturing the heterogeneity of experiences
across the lifecourse [20, 23], and help to identify and
target areas for strengths-focused interventions and
resourcing to disrupt pathways towards risks of adverse
health outcomes [20, 58].

By measuring ACEs and PCEs at various time-points
during childhood, our findings are less prone to recollec-
tion bias than many retrospective studies collecting data
in adulthood [43, 59]. Further, obesity data was gathered
using standardized objective measures, unlike previ-
ous ACEs studies that relied on parental report of child’s
measurements to derive BMI [24].

Limitations

Study attrition likely impacted our findings (Supplemen-
tary Table 3), as those who were at increased likelihood
of reporting ACEs and having obesity were found to be
more likely to not partake in DCW8 in which obesity data
was measured. Thus, our results likely underestimated
the true impact of ACEs on unhealthy weight outcomes.
While the study sample remained socioeconomically and
ethnically diverse, our findings should not be considered
representative of the NZ children population at-large.
By selecting PCEs based on sample-level indicators,
our index likely had a Eurocentric bias; further research
which focuses on ethnic-specific PCEs is warranted.

This study mainly relied on mother-reported data, as
there were demographic differences between subjects
with partner data in GUINZ and those without. Mother-
reported indicators may also have presented social
desirability biases, particularly for questions related to
parenting behaviours as they may invoke feelings of guilt
or shame [22]. However, it was inappropriate or imprac-
tical to collect some data from children in the earlier
waves. Childhood sexual abuse (which has been linked to
the development of obesity) [7] had not been measured
in GUINZ at DCW 8; child-reported ACEs and PCEs
should be explored as these data become available.

Our PCEs index is not a definitive concept; we focused
on achievable and modifiable measures to ensure the
practical application to overweight/obesity outcomes
specifically, and different PCEs may have strong mitiga-
tion power to outweigh impacts of ACEs on health out-
comes other than obesity, as is characteristic of research
in this area [60]. Some PCE indicators collected in
GUINZ were excluded from the current study due to
possible social desirability biases or lack of predictive
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validity for use with weight status. The breadth of PCEs
considered and their testing with ACEs in individual and
cumulative models will help to support further research.
However, our post-hoc approach to PCEs selection
may have increased the risk of type I error. While this
approach offers valuable exploratory insights, it may limit
the precision and replicability of the findings, particularly
for outcomes other than child overweight/obesity. This
study supports the need for future research to develop
a standardized PCE measure tailored specifically for
outcomes like child weight, to enhance consistency and
generalizability.

Dichotomization of ACES and PCEs increased inter-
pretability but may have obscured more nuanced find-
ings. For example, “parents separated/divorced” or
“mother in a committed relationship” are not infallible
constructs; many children with separated parents grow
up happy and healthy. These conceptual limitations are
buffered by the cumulative nature of the PCEs score,
echoing previous research that found that the accumu-
lation of a sufficient number of PCEs is more important
than the individual PCEs themselves [20, 61, 62]. While
this study treats dichotomous PCEs cumulatively, the
timing, magnitude, and consistency of PCEs could also
significantly affect their impact on the development of
health outcomes. Future research might explore these
dimensions to identify which PCEs, when, and at what
levels of intensity, offer the most effective intervention
points for reducing obesity risk among children exposed
to adversity. Future research should also explore cluster-
ing of individual PCEs and ACEs in cumulative models,
as this may help to explain potentially spurious or incon-
sistent associations, such as the findings that among
those with the highest number of PCEs, the highest
number of ACEs (4+) was associated with lower odds of
overweight/obesity than those with 1 or 2 ACEs. Sample
size limitations, particularly at the ends of ranges (i.e.,
those with high ACEs and high PCEs or no ACEs and low
PCEs) [60] may have resulted in false-negative findings in
some cases.

Conclusion
Our exploratory PCEs index contributes to a nascent
field of research, particularly through the use of pro-
spective data from a large population-based sample of
children. Overall, findings suggest that presence of a suf-
ficient number of PCEs may mitigate the detrimental
impacts of ACEs on weight status among children. Our
findings prompt further investigation into potential miti-
gating effects of PCEs on the impact of ACEs on a range
of health outcomes during childhood to identify points of
intervention along developmental pathways.

Significant attention must be granted to the creation,
promotion, and nurturing of positive experiences that
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both reflect and generate resilience within children,
families, and communities [20]. Provision of appropri-
ate and effective support for parents and families, espe-
cially those at-risk for experiencing adversity, is essential
to both preventing ACEs and for mitigating their effects
across the life course, but also for enhancing children’s
wellbeing at the population-level.
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