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Abstract

Background: Childhood unintentional injuries (Ul) are common but continue to happen more often to children
living in less advantaged socioeconomic circumstances (SEC). Our aim was to explore how early life factors mediate
the association between SEC and Uls, using the UK Millennium Cohort Study.

Methods: We calculated risk ratios (RR) and 95% confidence intervals (95%Cl) for parental report of Ul occurring
between age 3 and 5 years, using Poisson regression according to family income as a measure of SEC. We explored
potentially mediating pathways by controlling associations between SEC and Ul for groups of early life risks in three
domains: factors that may influence environmental safety, supervision and the MCS child's abilities and behaviours.

Results: Twenty eight percent of children had a Ul from 3 to 5 years old. Children from the lowest income quintile
were more likely to be injured compared to those from the highest (RR 1.20 95%Cl 1.05, 1.37). Sequentially controlling
for early life factors that may influence environmental safety (RR 1.19 95%Cl 1.02, 1.38), then supervision (RR 1.18, 95%Cl
1.02, 1.36), and finally adding child's behaviour and abilities (RR 1.15, 95%CI 1.00, 1.34) into the model reduced the RR
by 5, 10 and 25% respectively.

Conclusions: Addressing factors that may influence environmental safety and supervision, and the child's abilities and
behaviours only partly explains the increased Ul risk between the highest and lowest income quintiles. Further research

is required to explore factors mediating associations between SEC and specific mechanisms and types of injuries.
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Background

Childhood unintentional injuries (UI) are common but their
frequency, severity and consequences disproportionately im-
pact on those growing up in more disadvantaged circum-
stances. [1-4] In England and Wales, death rates of children
aged 28 days to 15years due to Uls were 4.5 times higher
from routine or manual worker households compared to
those from managerial or professional homes in 2001/03 [5].
Despite a decline in medically attended UI rates over time,
the social inequalities gradient has persisted [6].
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Underpinning most childhood UI prevention policies,
the ‘Haddon Matrix of Injury Occurrence’ [1, 7, 8] catego-
rises most known risk factors into: the host (i.e. in this case
the child, including their cognitive and/ or physical charac-
teristics); the physical environment; the social environment
at the time of the incident, and the agent of injury defined
by the of mechanism of injury [7]. Nearly all injury risk fac-
tors are more commonly experienced by children growing
up in poverty [9]. Yet, we currently lack the essential un-
derstanding of the complex pathways linking adverse social
conditions to the heightened risk of Uls in childhood,
which are needed in order to develop effective interven-
tions and equitable policies [1].

There are a number of plausible pathways explaining why
children growing up in lower income households are more
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likely to experience Uls [10]. This paper explores three of
the most common pathways. First, Children growing up in
less advantaged households live in more hazardous envi-
ronments compared to their more affluent peers (such as
less safe housing with a greater likelihood of playing on a
street rather than in a garden) [7], potentially explaining
their increased risk of Uls during childhood. Second, it is
suggested environmental hazards can be mitigated for, if
children are supervised adequately and nurtured to develop
risk avoidance skills [11, 12]. It is argued that stressors for
families living in lower income households may impair
supervision and thus, further increase UI risk [11]. Third,
some children are at greater risk of a UI, because of their
individual abilities and behaviours. Such as ADHD [13], vis-
ual impairments [14] and risk-taking behaviours [15] which
are more prevalent in lower socioeconomic circumstances.

Using a contemporary, nationally representative sample
of children from the UK, we aimed to assess the social pat-
terning of UI in children from 3 to 5 years old. We also ex-
amined the extent to which any excess risk in UI for
children growing up in disadvantaged circumstances was
mediated by potentially modifiable early life factors influen-
cing their environment and supervision, and also measures
of the child’s abilities and behaviours.

Methods

Design, setting, and data source

We used data from the UK Millennium Cohort Study
(MCS), a nationally representative UK birth cohort of
19,250 children born between September 2000 and January
2002, sourced from the U.K. Data Service in 2015. This co-
hort study used trained interviewers to carry out
home-based survey interviews with the main responder,
usually the primary carer, about their child and their life.
These interviews started when the MCS child was aged
nine months, were repeated at 3 years and again at 5 years
old. This study uses data on 10,210 children with recorded
responses on our primary outcome (UI) and exposure
(household income), which are defined further below. The
MCS oversampled children living in disadvantaged areas
and, in the case of England, areas with high proportions of
ethnic minority groups by means of a stratified clustered
sampling design [16]. Further information on the cohort
and sampling design can be found in the cohort profile [16]
or online (www.cls.ioe.ac.uk/mcs). The analysis did not re-
quire additional ethical or consent approval [17].

Primary outcome and exposures

The primary outcome was Uls of any injury type. The main
respondent was asked if the child, then aged 5 years old, ‘Ever
had an accident and was taken to the doctor, health centre
or hospital? since the previous survey assessment when the
child was aged 3; creating a binary outcome variable (yes,
no). Our main exposure of interest and potentially mediating
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explanatory variables were measured before this at ages 9
months and 3years, to enable temporal sequencing of the
exposure, mediator and outcome measures.

Our primary SEC exposure was equivalised household in-
come (EHI), weighted for the number of adults and
dependent children in the household, and divided into quin-
tiles. This was used as a stable measure of early life SEC that
preceded the mediator and outcome measures [18].

Potential confounding factors

We adjusted a number of potential confounders for the ex-
posure and outcome: ethnicity (white, non-white) [19] mater-
nal age at MCS child’s birth (14-19, 20—24, 25-34, 35+ years
old) [20], and number of other children in the family at MCS
child’s birth (only MCS child, 2—3 children, 4+ children) [21]
in our baseline analysis. We also adjusted for the child’s sex,
since it is strongly related to our outcome (UIs) [1].

Early life risk factors (potential mediators)

Based on a literature review we were able to map MCS data
to enable us to create categories of early life risk factors (po-
tential mediators) appropriate to three of Haddon’s domains:
the child’s environment, supervision and the child’s abilities
and behaviours.

Factors that may influence environmental safety

Factors captured in the MCS that also provide proxy mea-
sures for safety in the child’s physical environments include,
a count of responder-reported child safety equipment used
from five potential items: car seat, safety gate, fireguard,
plug socket covers and smoke alarm(s), measured at MCS
child (MCSc) age 9 months (none, one, two, three, four or
five items) [22]; responder-reported ‘safe places in your area
to play’ measured at MCSc age 9 months (safe, not safe)
[22]; interviewer assessed safe in-house environment at
MCSc age 3 years, using the short form Caldwell and Brad-
ley's Home Observation for Measurement of the Environ-
ment scale (safe, not safe) [23]; responder-reported not
having access to a garden at MCSc age 9 months (yes, no)
[24]; interviewer assessed living in an ‘organised house’ or
not at MCSc age 3, (very organised, organised, average, dis-
organised, very disorganised) as levels of household chaos
is a recognised risk for childhood UI [25]. We also included
a measure related to having household pets at MCSc age 3,
for risks related to bites and falls (no pets, pets — including:
dogs, cats, other furry animals, birds and other animals
such as reptiles) [12, 26]. Household smoking at MCSc age
3, was also considered as it relates to increased risk of
burns and household fires (non-smoker, smoker) [27]. Type
of childcare was included as a potential measure of care
and environmental quality in the case of registered child-
care (in parental care, unregistered childcare/other mem-
bers of the family or friends, registered childcare) [24]. We
also included a binary measure of responder-reported


http://www.cls.ioe.ac.uk/mcs

Page 3 of 17

(2019) 19:150

Campbell et al. BMC Pediatrics

1000 > (9591) 0L 0€c 0z/1L €0l 9 'S € 9be DGO ‘ease ul djesun 5934 Jopuodsay

1000 > (£1T0) 691 89¢ 74 €el 69 s € 9be DS "Bupowss pjoyasnoy 01 pasodx]

1000 > (lel) 9L 8¢ €C 60 [ L0 ¢ abe 25D ‘(21005 JNOH) A19jes awioy 100d

1000 > (6209) L6y Sy g1LS 8YS 805 Sy € 9be S5O ‘s1ad pjoyssnoy e sey

(S251) 0°€L vl l'e '8 9¢L (433 (spuaLy ‘Ajiue) “6'3) 21e3p|iL> PaIalsIBal-UON

6Lv7) 821 L's vl 6¥C (474 061 (Aissinu pa1dadsul p1sio B3) 31eap|Iy> passibay

1000 > (8588) 769 G€6 9¥8 029 29s 8Ly AJUO 34eD JU3led
¢ 9be 2SO\ ‘pasn 2.1edp|iyd Jo adA |

1000 > (€28 L9 0/l 86 L'y €T gl € 9be 25D\ ‘Uspieb oN

(5£00) €61 8 x4 19l 961 €0¢ sedald §

(reLe) vie €/LL g€ Cle 14323 oLe sadald 1

(6€£€) 95¢C 8'€C 1'9¢ 99¢ €5¢ 6'SC s9091d ¢

(180€) 6°0C 'S¢ L'cC 861 971 88l sedaid ¢

(0oszl) ¥'8 971 ! 99 8¢ Se oaid |

1000 > (Tsy) st 97 3 L0 0 0 SUON
,(1UN0D) P|O SYIOW 6 IS ‘Pash 1uswdIiNbs A1ajes paweu JO Sual|

1000 > (£9€S) 8 7€ 0ls ey L've ¥'SC ¥0C PIO syauow 6 2SN “Aejd 01 seaie ajes ON
A19JeS [EIUSUWIUOIIAUT 2DUSN|JU| KB\ 1y SIO1De

(lziy oz LTl 6L €S LT (44 uaip|iys 210w Jo ¢

(9zes) 605 6Ly §9S 8YS €YS 'Ly uaIp|iys ¢/¢

1000 > (8009) L'ty ¥6¢ gle ooy (0574 895 PIIY3 2U0| SOW
P|O SLIUOW 6 1B PaPI0daI (ISDN BUIPN|DUI) YUIG 1 PJOYasNoy Syl Ul USIP[IYD JO JSGUINN|

(G61) €1 0l €l 80 9l 0¢ sieak +6¢

(r6t01) vvL 39 09 (474 988 96 s1eak ye-Ge

(1550) 991 L'ec 85C 891 €8 0¢ s1eaA 47-07

1000 > L) 22 l'ec 06 [4% Sl S0 s1eah6l-v|
PIO SYIUOW 6 1e papJodal “Yuig e abe [eusaiepy

1000 > (blol) LTl 1474 991 g8 §S 08 PIO SYIUOW 6 18 Papiodal dnoib dIUYIe S1YM-Uou Wolj OISO

600 (Se€) O'LS 05 805 1S £0S €15 PIO SYIUOW 6 18 papIodal ‘S[ew St (OSDIA) PIIY> SOW
SYSIY suljesegd
1000 > (610%) 0'8¢C ole 144 £8¢ 69C ()74 p|O s1eak G pue ¢ Usamiag saunful [euonuaIUILN
- €551 19c€ 8ELE 147 $69C 06144 ajnuINb yopa Ul pjiys JO 1UNoD

(3unoD) JuaDIdd (3seMm0J) yyi4 yuno4 pAIy L puUodas (3s9ybIH) 15114

oNIeA-d |e1o| 3|1uInb swoouy sa|qelLeA

(SSEY 1L = N) 9|dwes Loyod [e101 ay1 buisn sajnuINb sawodul pjoyasnoy Ul s|gelleA yoes Jo abeiuadiad L ajqel



Page 4 of 17

(2019) 19:150

Campbell et al. BMC Pediatrics

3533 pasenbs 1y

Wwiieje 94OWSs pue 1eas Jed ‘sIan0d 19x20s Bnid ‘pienbauyy ‘s1ebuiess :[1apio sendiued ou] sepnpul Juswdinba A1ajes 1siq

(2L¥L = u) swoy pasiuebiosip ‘(L/yL = u) ajes s|99) Japuodsay ‘(spL = u) 2dA1 1eap|IyD ‘(59€Z = ) si € 1e Kejd 03 seale ajes ‘(= u)

syjuow 6 1e yuswdinba A1a4es oN ‘(081 = u) syiuow ¢ 1e Aejd o} sade|d ajes ON ‘(L1 L = U) P|O SIA € 1e Bujows ployasnoH “(z6€L = u) 19d PJOYasnOH ‘(€95 = U) Ployasnoy Ul UaJp|iyd Jo JaquinN “(8L = U)}I0MIdU |e1dos
‘(L= u) |oYyodly ‘(9€61 = ) 31f1s Bunuaied ‘(61/7 = U) G < 9103 I|SSY :SSAISIP JO SPAT (LI L = U) S1edA € 18 DT B Sey win ‘(L = U) Yuiq SO 1e abe jeussiely (65 = u) PO SIA € 18 UI9dU0d 1YbIs ‘69 = U) p|o SIA €
1€ SuIadU0d Buleay ‘(gL Lg = u) ssaulpeal |ooYds ‘(zyzz = u) € 9be 1e (DAS) 241euuonsand sandIYIp pue YIbuans ‘(FSkL = U) d1Uyld /AIIouUIW :pjIyD :Se S9|qeLIBA PIWEU SWOS Joj elep BuIsSIW Jayuny YUM SSE'yL = N

1000 > 98s1) L'zl §9C 8l v'6 €S Se ¢ abe 35D *Apeas jooyds 1ON ! PIIuD
494 (€98) €F 0¥ [ 4 0¥ ¥'S ¢ abe 25D ‘Sutaduod BulesH
610 (999) 6'S 19 09 ¥9 8 'S ¢ abe 25D ‘suIdU0d IYBIS
8r¢l) 66 9lc ad 6/ % L€ abeiane mojag
(8Scl) zol 4 Sl oLt VL 79 sulllsplog
1000 > (£096) 66/ 9€9 8L 118 988 006 abelany
'se papelb ‘g abe 25N (DAS) JBUUOISIND SN PUB YIBUSIS WO} 2100
SINOIARYSQ PUB SAIJIGR S,P|IYD SOW 3y} 03 Bupieas sioide4
(9061) 9€l 961 el 9Ll Ll a4 AgJeau JayuaN
96L¢) 6£C €le JAY4 g€ 90¢ €0y Ajuo spuati4
(0s€l) 98 ¥l 96 88 89 0§ Ajuo Ajiueq
1000 > (S824) 0°0S £0S S¢S 865 809 000/ yiod
¢ abe 25N Agieau aAl| spually pue Ajiwie4
1000 > (8904) §'SS €59 6'19 €45 14 €Sk € 9be 25O (s9jns may 6'3) 3}A1s Bunuaied painidnasun ue sey
(£1€) ST 6¢C 6l 8l S¢C 9¢ (@>UepIND YN UaNd BUIPIIDXS) SHUN 3IoW 10 G|
(6rcl) Lol €9 89 08 ! 8l sSHuny |-/
(S€£€) ¥'8T Syl L6l 78 79 LEy SHUN 9|
1000 > (Lv68) 6'85 €9/ Sl 09 667 SYe SUON
¢ abe 25D Seam Jad syun [oyodje Jaaibaled Aleuwd
1000 > (1¥80) 1S'1T ¥'sT 99z 0 g8l 6L ¢ abe 25D ‘uonipuod wia) Huoj BuniwI Jased Alewlid
1000 > (cog) §¢ 6'S 143 (44 ol L0 ¢ 9be DS\ ‘passansip Jsied Alewld
uolsiaRdns aduanjul Aew 1eyi si01oe4
(190) L't Ge 6T 9l Tl €l pasjuebIosIp KIS
(6£€1) 801 9l L€l 00l 98 €9 pasiuebiosig
(8991) €€l €91 §GlL Gel ! ol sbelany
(£969) L€S 8y S0S 9GS 599 LS pasiuebio
1000 > (8090) L'0C 861 Vil €61 € 0S¢ pasiuebio A1ap
¢ 9be 25\ TUSWUOIIAUS dWwoy pasiueblosiq
(JUNOD) U (39MOJ) Yyi4 yuno+ paYL pu03S (asaybiH) 1si14
oNIeA-d |e1o| 3|1uInb swoouy sa|qeleA

(panunuod) (S| = N) o|duwes Loyod [e10} ay1 buisn sajuINb swodUl Pjoyasnoy Ul s|gelleA yoes Jo abeiuadidd L ajqel



Page 5 of 17

(2019) 19:150

Campbell et al. BMC Pediatrics

- - JE 600 - - 194 (PI1Y> Joye yoo| syuaJed) auoN
¢ abe 25N pasn aledp|iyd jo adA|

- - - 610 rdl} 160 S0l (559028 ON :§3Y) SYIUOW 6 18 Uapleb e 0} $s00y

6l 60 9¢'L L1 Yo'l €el sedaid §

0e'l 860 9¢'L L'l QO'L el seda1d ¢

681 860 9g'L (91 Yo'l 4 s9091d ¢

IZA8 60 STl €9l L0'L 8CL sedaid ¢

991 6,0 SlL lAd! /80 ell ooa(d |

- - 424 700 - - $24 SUON
SYIUOW 6 1e pasn Juswdinba A1ajes pawleu Jo swial|

801 260 00’1l 800 4N 660 901 (seale 9Jes ON :Jay) SYIUOW 6 18 swoy 1e Aejd 0} seale ajes
A194eS [EIUSWIUOIIAUT SDUSNYU| AR JBY] SI01DB

2! vO'l wl ! 660 LUl UIp|IYD I0W 10

oct 101 oLt LU €0l [ uaIpIIyd €/¢

- - 424 100 - - 494 PIIY> auo| SO
(PIY2 SOW BuIpNPUI) LIG 18 PIOYasNoY SU1 Ul UIP|IYD JO JIGUINN

601 S50 LL0 Lt 880 660 s1esk 61|

Lt 80 560 €60 9.0 ¥80 sieak y7-0¢

SClL 60 L0L €60 S0 690 sieah ye-6¢

- - ER 1000 > - - EEN| s1eak +6¢
yuiq SO e abe jeusaiepy

160 890 640 1000 > ¢80 990 ¥.0 (3UUM 42y) dnoib duya pliyd

[4N} eLltl [44 1000 > LEL Ll L (Slewsay yay) X35 S,PlIYD
S1010B4 XSy duljdseg

yel 9660 Sll erl el LT (159mM07) Yyi4

9l S60 601 8¢l L0l L yuno4

aCl 860 Lt €el 0L 611 payL

L 960 80'L Sl 660 4N puodss

- - e 1000 > - - JEN (asoybly ajal) 35114
S31IUIND SWOdU| P|OYasNoH

DN %S6 127 %S6 g4 on[eA-d DN %56 127 %S6 (4y) onel sty
3|qeLeANA 3|qereAlun
q0LZoL =)

3SVYD 3137dWOD T3dOW TvNI4

(G5E | =) sjdwies |e1o]

sa|genep

sisAjeue sa|luIND SWOodU| 1S9MO| SNSISA 1S9YDIY Ul SaLN[Ul [BUOIUSIUIUN S|BAISIUI SDUSPLUOD 9466 SOIIBI Sy T dlqel



Page 6 of 17

(2019) 19:150

Campbell et al. BMC Pediatrics

6Ll €60 SOl 9l €0l 900 oulJaplog

- - Jod 1000 > - - EEX| abelany

¢ 9be 25O (DAS) 2lleuuonsan) saNdIYIg pue Yyibusns

SINoIABYSgG PUY SAIU|IQY S,PIIYD SO YL O] Bupe|dy sioide4

- - - Ll 160 00°L Aguesu JsyisN

- - - oL 680 560 AJuo spuaii4

- - - LUl 60 90'L Ajuo Ajiuey

- - - 610 - - EEX| yiog

(Y109 yoy) € 9be DGO ‘AGIesu Al SpusLy pue Ajiued

- - - 120 Q0L €60 | (PainPNAISUN :JaY) € abe 5 Bunualed o1 yoeouddy

- - - [4} 60 [ ,SHuUN 210w Jo G|

- - - o'l €60 y0'L SHUN 41—/

- - - SO'L 60 860 SHUN 9—|

- - - 850 - - 1oy SUON

(€ 96e DSDW) Yoam Jad syun joyodly

61l 860 80'L 1000 > 9Tl /0L 91l (dUou :Jay) € 9be DGHN UOIIPUOD WiIS) Buo| buniwi

A4} 760 8Ll 100 65l [qN! €el (G > 13I553)| oY) 'SIA € 1e SSansIp [euIRIe

uoisiARANG aduaNjuU| Ae 1By SIo1oe4

91 60'L Ge'L S6'L 4 191l pasiuebiosip AIsp

wl 760 90'L el w0l aI'l pasiuebiosiq
LT 860 Lt 601 o'l SlL abelany
SlL S60 SOl 8Ll L 60'L pasiuebiQ
- - Jod 1000 > - - Jod pasiuebio A1ap

¢ 9be DG\ JUBWIUOIIAUS dwioy pasiueblosiqg
6ll 860 80'L 100 L €0l Ll ¢ 9be DS\ BaJe Ul 9jesun s|23) Japuodsay
- - - /10 GGl €60 ol ¢ 9be 5N (9102S JWOH) A124eS dWoy 1004
ell 060 10°L 1000 > 9l SO'L SlL (BUON 3o1) € 9be DS BuBjouss pjoyasnoH
cll 60 YOl 1000 > Ll L0l 4N (s32d ON :Jau) € abe DA s1ad pjoyasnoH
AN 160 €0l 70'L 580 60 (spuauy ‘Ajiwiey "69) Jopiroid 21edp|Iyd Pa.1SIBI-UON
oLt 680 660 l €80 160 Japiroid a1edpjiy> paiRIsibay

DN %56 127 %S6 g4 on[eA-d DN %56 127 %S6 (4y) onel sty
3|geueARNA 3|geueAluN
qloLzol =u)

3SVYD 3131dWOD T3AOW VNI

o(SGEYL = u) ajdwies jero|

sa|qeleA

(panujuo)) sisAjeue sajuIND SWOdU| 1S9MO| SNSISA 1S9YBIY U S31N[UI [BUORUSIUIUN S[PAISIUI SDUSPLUOD 9%G6 SONEI Ysly T ajqeL



Page 7 of 17

(2019) 19:150

Campbell et al. BMC Pediatrics

1|Npe |[e 10§ 3dUEPIND Y JO SSAIXD

Ul SI SUN 3Jow Jo G| , sisA[eue SjgeueARINW [eul Ul s3jgeleA [[e Joy sased 313jdwod Buisudwod sjdwes Buisn , “sisAjeue sjgeueAljnw ‘9sed 233jdwod 3y} Ul papnjoul 31am s3jqereA (‘dp | papunol Ji) 10 > 4 usym,

8Ll 960 9L 900 00'L 80 160 ¢ abe 25D “Apeas [ooyds JON SI PIIYD
- - - ¥C0 €Tl S60 80'L € 9be DS ‘sUIddUD BullesH
- - - G0 SlL 60 0l € abe 25\ ‘suIdU0d 1YoIS
el €0l ol'l o'l 6ll el abelaAe mojag
DN %56 107 %S6 dy anjeAd 12N %56 127 %56 (YY) onel sy
w_o_m__m>Ej_>_ m_ﬂm:mZCD
qoLzoL=u)

3SVD 3137dWOD T3dOW TVNI4

(G5€y | =) ajdwes p1o|

sa|genep

(panujuo)) sisAjeue sajuIND SWOdU| 1S9MO| SNSISA 1S9YBIY U S31N[UI [BUORUSIUIUN S[PAISIUI SDUSPLUOD 9%G6 SONEI Ysly T ajqeL



Campbell et al. BMC Pediatrics (2019) 19:150

Page 8 of 17

BASELINE ADJUSTED* —)

MODEL 1: ENVIRONMENTAL SAFETY —{

MODEL 2: SUPERVISION —

MODEL 3: CHILD'S ABILITIES/BEHAVIOURS —{

MODEL 4: ALL DOMAINS COMBINED —

09 1.0

Fig. 1 Changes to the injuries Relative Risk by controlling for four separate models of risk factors from the adjusted baseline. *Baseline adjusted
for child's sex and ethnicity, number of children in household and maternal age at birth

Relative risk

feelings of safety in the local area at MCSc age 3 (very safe
and fairly safe; neither safe nor unsafe, fairly unsafe and very
unsafe) [28].

Factors that may influence child supervision

Factors that may influence supervision include supervisor’s
mental or physical health, risk taking behaviours, and social
support [29, 30]. Relevant factors that were also captured in
the MCS include main responder’s level of distress in the
last month at MCSc age 3, assessed using the Kessler score
for mental distress (normal score range 0 to 14, distressed
scores > =15, 30) main responder’s alcohol unit consump-
tion per week (p/w) at MCSc age 3, (none, 1-5, 6-14, > 14
units p/w) [1]; main responder’s style of parenting relevant
to the MCS child, (grouped as either ‘structured parenting

style with rules’ combining responses to: firm rules and dis-
cipline, firm discipline, plus lots of fun, or ‘unstructured/cas-
ual parenting style with rules’ combining responses to: doing
my best for the children, lots of fun, have not really thought
about it) [31]; social support network measured by family
and friends living nearby [32] (neither live nearby, just
friends, just family or both) and main responder’s having a
limiting long term condition (no, yes) [33].

Child’s abilities and behaviours

Factors that provide early life proxy measures for the child’s
abilities and behaviours that are also captured in MCS, in-
clude: Bracken school readiness (child’s mean school readi-
ness score > 80, not school ready [mean score] from O to
79), which measures age-related cognitive ability at MCSc

BASELINE ADJUSTED* —

+ ENVIRONMENTAL SAFETY —

+ SUPERVISION

+ CHILD'S ABILITIES/BEHAVIOURS —

Fig. 2 Changes to the injuries Relative Risk by sequentially layering the three domains onto the adjusted baseline. *Baseline adjusted for child’s
sex and ethnicity, number of children in household and maternal age at birth

Relative risk
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age 3 [9]; socio-emotional development using the total score
from the Strength and Difficulties Questionnaire (SDQ)
which has been categorised (normal score range 0 to 13,
borderline score range 14 to 16, abnormal scores equal to or
greater than 17), to assess four domains relating to peer
problems, conduct disorders, hyperactivity and emotional
problems measured at MCSc age 3, based on activities
within the last 6 months [34]; responder-reported concerns
about MCSc’s hearing (yes, no) [35] and responder-reported
concerns about MCSc’s sight both at age 3 (yes, no) [14].

Analysis strategy and statistical methods

First, we assessed the prevalence of experiencing one or
more Uls according to income. We then undertook a uni-
variable analysis estimating risk ratios (RR) and 95% confi-
dence intervals (95%CI) by Poisson regression for the
association between early life risk factors and UL We then
progressed to multivariable analysis, using a complete case
sample, whereby variables that were significant at the P < 0.1
level in the univariable analysis (likelihood ratio test) [36]
were adjusted for in order to assess how this changed the
RR for UI comparing lowest to highest income quintile.

Using Haddon’s matrix for injury occurrence to provide
our three domain definitions, variables were grouped as
blocks of potentially mediating risk factors that may influ-
ence (i) environmental safety, (ii) supervision and (iii) factors
relating to the child abilities and behaviours. Our approach
to assess the impact of these three domains on baseline risk
was twofold. First, each domain was added to the baseline
model individually to assess their potential isolated impact.
Second, each domain was sequentially added to baseline:
adjusting for environmental safety first, supervision, and
finally child’s abilities and behaviours. The order of adjust-
ment in our sequential model reflected our priori hypotheses
about the relationship between these three domains (e.g. en-
vironment is potentially driving the association between
supervision, child abilities and behaviours, and their UI risk).
We also assessed the impact of alternative orders of adjust-
ment. Any observed change in RR was taken to indicate po-
tential mediation [24].

We estimated the change in RRs comparing children in
the lowest to the highest income quintiles (the SEC gap)
after adjusting for each domain of factors to the model. This
was calculated as 100x(adj. Baseline RR - adj. Model RR)/
(adj. Baseline RR - 1) [37]. Wald tests were used to assess
the significance of individual model parameters. All our ana-
lyses were conducted in Stata/SE v.13 (Stata Corporation,
College Station, TX, U.S.A.) with survey (svy) commands to
account for the sample design and attrition up to age 5.

Sensitivity analyses
We repeated the analyses using two alternative measures of
childhood SEC, maternal education [38] and also lone
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parent status [39] both reported at MCSc birth. We re-
peated the analysis using Uls requiring hospital admission
(not admitted, admitted), a more severe outcome for our
final model. We undertook multiple imputations by
chained equations to explore the impact of missing data in
our primary analysis. Missing data ranged from one missing
data point (maternal age) to 2719 for the Kessler scale. We
imputed missing data for 4152 cases spread across 15 dif-
ferent variables, giving an analytic sample of 14,355. These
were created using all variables in the final multivariable re-
gression model including our study outcome (UI reported
between 3 and 5 years old), primary exposure (household
income quintile) and survey weightings. Twenty imputed
datasets were calculated, and estimates were combined
using Rubin’s rules [40].

Finally, we also undertook a mediation analysis using
counterfactual methods to assess how much of the effect of
SEC income on childhood Uls is mediated via the three do-
mains. We estimated the Natural Direct Effect (NDE), Nat-
ural Indirect Effect (NIE) and Total Effect (TE), after
accounting for potential confounding by known covariates,
using the Medflex package (2018) in R software. This statis-
tical programme gives us the flexibility to assess the effect
of specific causal pathways in order to quantify its contribu-
tion to the outcome of interest. Unlike previous mediation
methods, this contemporary approach takes into account
the possible interactions between multiple mediators when
calculating the proportion mediated [41].

Results

In total, 14,335 singleton children had data on both UI
and their household income meeting the inclusion criteria,
accounting for 94% of all successful interviews at age 5
years. Of these, 10,210 cases were used in the complete
case analysis (Figure 3 in Appendix: sample flow chart). In
this total sample, 28% of children (n =4019) experienced
at least one UI between the ages of 3 to 5 years old. Uls in-
crease in a dose-response manner as household income
decreases. The proportion of children that experienced
Uls ranged from 24% in the highest income quintile, to
31% in the lowest income quintile (Table 1).

Table 2 shows the results of the univariable and final
multivariable analysis. In our univariable analysis low
household income, being male, being white, younger mater-
nal age at MCSc’s birth, more children than the MCSc liv-
ing in the household, no safe areas to play, not having
specified items of safety equipment, using informal child-
care, having household pets, exposure to household smok-
ing, responder not feeling safe in their area, living in a
disorganised household, main responder higher distress
(Kessler scores), main responder having a limiting long
term condition, higher SDQ score for socioemotional be-
havioural difficulties and not being school ready were all



Campbell et al. BMC Pediatrics (2019) 19:150

associated with an increased RR for UI at P <0.1 (1 d.p.)
(Table 2).

In the final multivariable model (Table 2) there was no
significant association between Ul and income. The risk of
a Ul remained significantly higher for MCSc: with other
siblings living at home from birth, living in a very disorga-
nised household, who are male, who are from white ethnic
group, and that have below average SDQ scores.

We assessed how the baseline RR for UI in the lowest
income quintile compared to the highest adjusting for
child’s sex and ethnicity, number of children in household
and maternal age at birth (aRR 1.20 95%CI 1.05, 1.37)
changed after adjusting for each of the UI risk factor do-
mains individually. Adjusting for the environmental safety
domain, (e.g. safe areas to play, safety equipment use,
childcare type, household pets, in-house smoking, house-
hold organization levels and area safety) attenuated the
RR by 5% (aRR 1.19 95% CI 1.03 to 1.38). Adjusting for
the supervision domain (e.g. primary carer Kessler score
and primary carer has a limiting long term condition) at-
tenuated the RR by 10% (aRR 1.18 95%CI 1.03 to 1.34).
Adjusting for the child abilities and behaviours domain
(e.g. child’s school readiness and SDQ scores) attenuated
the RR by 25% (aRR 1.15, 95%CI 1.005, 1.32) (Fig. 1).

Layering the three domains sequentially, starting with
environmental safety, attenuated the baseline risk by
5% (aRR 1.19 95% CI 1.03 to 1.38); then adding the
supervision domain attenuated the baseline risk to 10%
(aRR 1.18 95%CI 1.02, 1.36), and in our final model (in-
cluding all three domains) the baseline risk was attenu-
ated to 25% (aRR 1.15 95%CI 0.997 to 1.34), rendering
the association between Uls and household income to
non-significant (Fig. 2).

Sensitivity analyses

Our findings were similar when we used lone parent sta-
tus as an alternative SEC exposure measure and an alter-
native outcome measure of hospital admissions (Table 3
in Appendix). However, maternal educational, as an alter-
native measure of SEC did not yield a substantial nor sig-
nificant reduction in the increase Ul risk seen in children
with mothers qualified to GCSE D-E/ no qualifications,
compared to those with a Degree or higher qualification
(Table 3 in Appendix). Repeating the analysis using mul-
tiple imputations for missing data showed similar results
to our complete case analysis (Table 3 in Appendix).

Our mediation analysis using counterfactual approaches
also suggested that the three blocks of mediators (factors
that may influence environmental safety, quality of supervi-
sion and also the child’s abilities and behaviours), only par-
tially explained income inequalities in UL Overall 32% of
the total effect of income (lowest income quintile versus
highest) on childhood Uls is mediated through adjusting
for factors that may influence environmental safety, quality
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of supervision and also the child’s abilities and behaviours,
with a total effect of, NDE (1.14 (95% CI 0.98, 1.32)) and
NIE (1.06 95% CI 0.98,1.14) (Table 4 in Appendix). Our
mediation analysis provides comparable results to our pri-
mary analysis and also highlights that a large proportion of
the pathways to inequalities are unexplained in this analysis
(Table 4 in Appendix).

Discussion

Main findings

Using a nationally representative sample of UK children
born in 2000-2002, we found more than one in four chil-
dren (28%) had an unintentional injury (UI) from age 3 to
5 years old. Children from the lowest income households
were more likely to have Uls (31%), compared to those liv-
ing in the highest income homes (24%). We found that
the elevated risk in the low income group compared to
high was only partially attenuated after adjusting for base-
line risks, and potentially mediating factors that may influ-
ence environmental safety, supervision, and the child
abilities and behaviours.

Comparison with others findings

The current evidence supports our findings of a social gra-
dient in Uls for preschool children with many of these
studies also showing an association with one or more of
our exposure domains (e.g. environment, supervision and
the child’s abilities and behaviours). [2-4] A systematic re-
view identified 57 empirical studies dated from 1990 to
2009 that explored SEC inequalities for five common Ul
mechanisms (traffic, drowning, poisoning, burns and falls).
[4] The authors concluded that low SEC was associated
with increased risk of UI, however the social gradient var-
ied by factors including the environmental settings and
the selected measure of SEC. [4] Our study also found the
inequalities gap varied by SEC measure used, with lone
parent status [versus two parent households] yielding the
greatest difference in childhood UI risk, and the least dif-
ference seen for maternal educational attainment.

Several studies have sought to better understand the
pathways that link SEC to Uls in children. [22, 42, 43]
Laflamme and Diderichsen [42] reviewed the literature on
traffic injuries in childhood to develop a conceptual frame-
work, based on the Diderichsen model of pathways to so-
cial inequalities, [44] that identified potential mechanisms
through which social context (e.g. geographical variation in
risk), social position (e.g. income, ethnicity and family char-
acteristics), and various exposures (e.g. behaviours) may
interact to generate health inequalities. [42] Our analysis
shows around 25% of the increased UI risk for children
from the lowest income quintile can be explained by early
life factors ranging from their social demographics (e.g.
family characteristics) to various lifestyle and environmental
exposures (e.g. activities and behaviours). This is
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corroborated by our counterfactual mediation analysis
which further suggests that other unexplored pathways to
inequalities in UI are likely to exist.

Finally, several factors from across each domain
remained significantly associated with increased Ul
risk, independent of SEC. Similar to other studies, we
found an independent increased Ul risk in males [15],
having below average SDQ scores at 3years old [45],
having a greater number of siblings from birth [21] and
living in a very disorganised household at age 3years
[25]. Adding to the on-going debate about ethnicity
and UI risk [33], we found that non-white ethnicity was
associated with a reduced UI risk. An American based
study of preschool-age children also found white chil-
dren of unemployed mothers living in households need-
ing repair were at higher injury risk than children from
other ethnic groups [46].

Strengths and limitations

We have used a large nationally representative UK co-
hort that has regularly gathered extensive details on the
child, their family and home, and community environ-
ments using validated approaches from birth. This en-
abled us to explore a wide variety of covariates
associated with UI risks and broadly reflect the domains
of Haddon’s matrix (e.g. the characteristics of the child
as the host; in and around the home as the physical en-
vironment and factors that may influence supervision
reflecting the social environment) for UI from 3 to 5
years old [7].

A limitation of this study is that we did not have suf-
ficiently detailed information about the mechanism and
types of the injuries to investigate whether pathways
linking adverse social conditions to the heightened risk
of Uls vary for specific types of injury. For example, the
specific pathways to inequalities in accidental poisoning
may differ from those for burns or fractures. Larger
studies with more detailed information on injury
mechanisms and types are required to examine how po-
tentially mediating pathways might vary by injury
characteristics.

The MCS dataset does contain some validated mea-
sures of household hazards, quality of supervision and
child abilities and behaviours relevant to UI (such as
Caldwell and Bradley’s Home Observation for Measure-
ment of the Environment scale) [23] and we have used
these in our model. However, we acknowledge these are
limited in number. Consequently, we have mainly used
indicators that may influence these constructs and that
have been used in previous studies [43], but we do not
have an assessment of their validity. We judge that our
non-validated measures may incompletely capture ex-
posures for UI risk factors, potentially underestimating
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the proportion mediated by each domain, presenting a
non-differential bias [47]. Further studies could build
upon our findings using validated measures where
these data are available. Equally, we were limited to
measures and records at specific time points predetermined
by the MCS study. It is essential for our analysis that the
mediators occurred before the outcome (UI between 3 and
5 years) event, so our mediator data was collected up to age
3 years.

It is also important to recognise that outcome measures
(UT for which medical attention was sought) were reported
by the parent, predominantly mothers and may be subject
to recall bias [48, 49]. Studies seeking to validate the parent
reporting approach have shown it to be more complete at
capturing Uls than routine medical notes for more severe
injuries, but recall is diminished over time [48]. We accept
this study’s two year recall period for childhood Uls, may
have led to a conservative prevalence estimate [49], but
there is little evidence to suggest that might explain vari-
ation in childhood Uls by SEC [48].

An inherent challenge in large cohort studies is miss-
ing data. Our main analysis used a complete case sam-
ple, whereby individuals with incomplete data on
covariates were excluded from the analysis. Sampling
and response weights were used to account for the
sampling design and attrition. Reassuringly, our sensi-
tivity analysis using multiple imputations produced
similar results and conclusions. Finally, our sensitivity
analyses using two alternative SEC exposure(s) and a
more severe outcome measure (hospital admissions for
injury) provide some reassurance about the consistency
of the findings from our primary analysis.

Conclusions

In our analysis, adjusting for a wide range of factors that
may influence environment safety, supervision and the
MCS child’s abilities and behaviours partially attenuated
the excess UI risk experienced by children growing-up in
lower income households. Whist this may partially reflect
incomplete measurement of potentially mediating path-
ways, it is likely that there are other explanations for the
observed inequality in UI beyond the domains explored in
our study. From a health inequalities perspective, the pol-
icy and practice implications of our study are that it is un-
likely that inequalities in UI for children can be addressed
by interventions and policies that only target environmen-
tal safety, supervision, or children’s abilities and behav-
iours. Furthermore, broader policies that aim to improve
socio-economic conditions (e.g. increasing household in-
come) are also necessary, and this is particularly important
in the context of rising child poverty in the UK, which is
likely to increase the risk of a range of adverse outcomes,
including Uls.
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Total singleton births of MCS at
sweep 3 (at age 5 years)
(n= 15, 246, response rate 79.2%)

EXCLUSION CRITERIA (Total excluded cases
=4,145)

Breakdown of missing cases by variable:
Confounders: sex (n=0), minority/ ethnic
(n=1,454), No. children in household at MCS
child's birth (n=0)

Environmental safety: Household pet (n=1,392),),
Household smoking at 3yrs old (n=1,471), No
safe places to play at 9months (n=180), No
safety equipment at 9months (n=4), Childcare
type (n=1,443), Responder feels safe (n=1,471),
disorganised home (n=1,472).

Supervision: Maternal age at MCS birth (n=1),
Levels of distress: Kessler score >5 (n=2,719),
Primary carers has a LLTC (n=1471).

Child: Strength and difficulties Questionnaire
(SDQ) at age 3 (n=2,242), School readiness
(n=2,712),

(Number vary due to overlapping missingness)
Sample size: 10,210

INCLUSION CRITERIA (Total
excluded=4,626)

Breakdown of missing data: response
recorded to primary outcome(s) at sweep 3
(n=4,021) and then primary socio-economic
exposure measure (n=767)

Sample size: 14,355

FINAL MODEL
Sample size used for complete case multi-
variate analysis n=10,210
Multiple Imputation for Chained Equations
sample size n=14,355

Fig. 3 Flow chart of MCS participants with inclusion and exclusion criteria/ numbers from sample
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Table 3 Sensitivity analysis for alternative SEC exposures, outcomes and imputed data

Indicators Adjusted  Model: factors Model: factors influencing Final model: factors influencing environment and  Proportion
baseline® influencing environment and supervision, and child’s abilities and behaviours mediated
environment supervision

Alternative measure of SEC exposure

Maternal 1.25 124 (1.09, 142) 123 (1.09, 141) 122 (1.07,1.38) 12%
education (1.10,

142)
Lone parent 1.19 1.13(1.01, 1.26) 1.12 (1.00, 1.25) 1.11 (099, 1.24) 42%
status (1.09,

1.30)

Alternative measure of outcome

Hospital 2.08 191 (0 91, 4.01) 1.93 (0.92, 4.08) 1.79 (0.84, 3.80 27%
admissions — (1.11,

more severe Uls 3.89)
Accounting for missing data

Imputed dataset ~ 1.22 1.19 (1.05, 1.35) 1.17 (1.04, 1.33) 1.15 (1.02, 1.30) 32%
(1.09,
1.36)

@ Baseline adjusted for Child’s sex, ethnicity, number of other children at home at birth and mother’s age at MCS child’s birth

Table 4 Medflex counter factual mediation analysis for unintentional injuries risk ratios comparing highest versus lowest income quintiles

Models Effect RR 95% Lower Cl 95% Upper Cl Proportion mediated

MODEL 1: Environmental safety natural direct effect 1.17 1.01 1.37 9.80%
natural indirect effect 1.02 0.94 1.09
total effect 1.19 1.05 1.36

MODEL 2: Child supervision natural direct effect 117 1.04 133 12.7%
natural indirect effect 1.02 1.00 1.04
total effect 1.20 1.05 1.36

MODEL 3: Child’s ability and behaviours natural direct effect 1.15 1.01 1.30 26.3%
natural indirect effect 1.05 1.02 1.07
total effect 1.20 1.05 1.36

MODEL 4: All three above domains natural direct effect 1.14 098 1.32 31.6%
natural indirect effect 1.06 0.98 1.14

total effect 1.20 1.05 1.37
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Table 5 Complete case analysis for variables used in the final model®

Variables Complete Case (n = 10,210)°
Univariable® Multivariable
RR 95% LCI 95% UCl RR 95% LCI 95% Ul
Household Income Quintiles
First (refer: highest) Ref - - Ref - -
Second 112 0.99 1.25 1.08 0.96 1.22
Third 1.19 1.7 133 1.11 0.98 126
Fourth 1.22 1.08 1.38 1.09 0.95 1.26
Fifth (Lowest) 1.28 113 144 1.15 0.996 1.34
Baseline Risk Factors
Child's sex (Ref: female) 123 1.14 133 122 113 132
Child ethnic group (Ref: White) 0.78 0.68 0.9 0.79 0.68 091
Maternal age at MCS birth
35+ years Ref - - Ref - -
25-34 years 1.07 092 1.24 1.07 0.92 1.25
20-24 years 0.92 0.82 1.05 0.95 0.82 1.1
14-19 years 0.76 0.54 1.06 0.77 0.55 1.09
Number of children in the household at birth (including MCS child)
MCS lone child Ref - - Ref - -
2/3 children 111 1.02 12 1.1 1.01 12
4 or more children 1.25 1.08 143 1.22 1.04 144

Factors That May Influence Environmental Safety

Safe areas to play at home at 9 months (Ref: No safe areas) 1.06 0.98 1.14 1 092 1.08
[tems of named safety equipment used at 9 months

None Ref - - Ref - -

1 piece 1.11 0.76 161 1.15 0.79 1.66
2 pieces 118 0.84 1.66 1.25 09 1.74
3 pieces 1.28 092 1.79 1.36 0.98 1.89
4 pieces 1.28 0.91 1.79 1.36 0.98 1.9
5 pieces 127 0.90 1.8 1.36 097 1.92

Access to a garden at 9 months (Ref: No access) - - - . _ _

Type of childcare used at 3 yrs. old

None (parents look after child) Ref - - Ref - -
Registered childcare provider 094 0.85 1.04 0.99 0.89 1.1
Non-registered childcare provider (e.g. family, friends) 091 081 1.02 1.03 091 1.17
Household pets at 3 yrs. old (ref: No pets) 1.09 1.02 117 1.04 097 1.12
Household smoking at 3 yrs. old (ref: None) 1.14 1.03 1.26 1.01 09 113
Poor home safety (HOME score) at 3 yrs. old - - - - - -
Responder feels unsafe in area at 3 yrs. old 1.17 1.06 1.29 1.08 098 1.19
Disorganised home environment at age 3 years

Very organised Ref - - Ref - -
Organised 1.08 0.98 1.19 1.05 0.95 1.15
Average 1.19 1.05 1.36 1.11 0.98 1.27
Disorganised 1.18 1.03 1.35 1.06 0.92 1.22

Very disorganised 1.55 1.25 193 1.35 1.09 167
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Table 5 Complete case analysis for variables used in the final model® (Continued)

Variables Complete Case (n = 10,210)°
Univariable® Multivariable
RR 95% LCI 95% UCl RR 95% LCI 95% Ul
Factors That May Influence Supervision
Maternal distress measured MCSc age 3 (Ref: Kessler < 5) 136 1.09 1.68 1.18 094 147
Limiting long term condition MCSc age 3 (Ref: none) 1.12 1.02 1.24 1.08 098 1.19
Alcohol units per week MCSc age 3
None - - - - - -
1-6 units - - - - - -
7-14 units - - - - - -
15 or more units® - - - - - -
Approach to parenting MCSc age 3 (Ref: Unstructured) - - - - - -
Family and friends live nearby, MCSc age 3 (Ref: both)
Both - - - - - -
Family only - - - - - -
Friends only - - - - - -
Neither nearby - - - - - -
Factors Relating To The Mcs Child's Abilities And Behaviours
Strength and Difficulties Questionnaire (SDQ), MCSc age 3
Average Ref - - Ref - -
Borderline 112 0.99 1.26 1.05 0.93 1.19
Below average 13 1.16 146 1.16 1.03 1.32
Sight concerns, MCSc age 3 - - - - - -
Hearing concerns, MCSc age 3 - - - - - -
Child is NOT school ready, MCSc age 3 0.85 0.76 094 1.06 0.96 1.18

“when P < 0.1 (if rounded 1 d.p.) variables were included in the complete case, multivariable analysis
bUsing sample comprising complete cases for all variables in final multivariable analysis

€15 or more units is in excess of UK Guidance for all adults
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