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Abstract

Early-life environments have been associated with various social behaviors, including
trust, in late adolescence and adulthood. Given that the oxytocin receptor gene
polymorphism (OXTR rs53576) moderates the impact of childhood experience on social
behaviors, in the present study, we examined the main effect of childhood adversity
through a self-report measure and its interactions with OXTR rs53576 on general trust
among 203 Japanese and 200 European Canadian undergraduate students. After
controlling for the effect of culture, the results indicated that childhood adversity had a
negative association with general trust, and that OXTR rs53576 moderated the impact of
childhood adversity on general trust. Specifically, the negative association between
childhood adversity and general trust is only significant among homozygote A-allele
carriers. These findings demonstrated that OXTR rs53576 moderated the relations
between childhood experiences and social functioning in early adulthood.
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Exposure to green space has been associated with better physical
and mental health. Although this exposure could also influence
cognitive development in children, available epidemiological
evidence on such an impact is scarce. This study aimed to assess
the association between exposure to green space and measures of
cognitive development in primary schooclchildren. This study was
based on 2,593 schoolchildren in the second to fourth grades (7=10
y) of 36 primary schools in Barcelona, Spain (2012-2013). Cognitive
development was assessed as 12-mo change in developmental
trajectory of working memeory, superier working memory, and in-
attentiveness by using four repeated (every 3 me) computerized
cognitive tests for each outcome. We assessed exposure to green
space by characterizing outdoor surrounding greenness at home
and school and during commuting by using high-reselution {5 m x
5 m) satellite data on greenness (normalized difference vegetation
index). Multilevel modeling was used to estimate the associations
between green spaces and cognitive development. We observed
an enhanced 12-mo progress in working memory and superior
working memeary and a greater 12-me reduction in inattentiveness
associated with greenness within and surrounding school bound-
aries and with total surrounding greenness index (induding green-
ness surrounding home, commuting route, and school). Adding a
traffic-related air pollutant (elemental carbon) to models explained
20-65% of our estimated associations between school greenness
and 12-mo cognitive development. Our study showed a beneficial
association between exposure to green space and cognitive devel-
opment among schoolchildren that was partly mediated by reduc-
tion in exposure to air pollution.

activity are related to improved cognitive development (9).
Outdoor surrounding greenness has also been reported to enrich
microbial input from the environment (10), which may positively
influence cognitive development (10). Through these pathways,
exposure to green space, including outdoor surrounding greenness
and proximity to green spaces, could influence cognitive de-
velopment in children, yet the available population-based evidence
on the association between such exposure and cognitive develop-
ment in children remains scarce.

The brain develops steadily during prenatal and early post-
natal periods, which are considered as the most vulnerable
windows for effects of environmental exposures (11). However,
some cognitive functions closely related with learning and school
achievement—such as working memory and attention—develop
across childhood and adolescence as an essential part of cogni-
tive maturation (12-14). We therefore hypothesized a priori that
exposure to green space in primary schoolchildren could en-
hance cognitive development. Accordingly, our study aimed to
assess the association between indicators of exposure to green
space and measures of cognitive development, including working
memory (the system that holds multiple pieces of transitory in-
formation in the mind where they can be manipulated), superior
working memory (working memory that involves continuous
updating of the working memory buffer), and inattentiveness in
primary schoolchildren. As a secondary aim, we also evaluated
the mediating role of a reduction in air pollution as one of the
potential mechanisms underlying this association.
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HY—KITLA4AHY B=-0.783 (p<0.001)

SR FHR? = 0.100

SH— RIS REHTHREET. TIEAH0.78 KIEL

Model 2 : Model 1 + IEMEFHETH
HS—KITLA4RXHY B=-0.551 (p=0.016)
FEFZFHR?>=0.178

S BENERHEHBARLEERLD., BEH0%IET
— BAENETILHARESIND

FELEBEZEH (Model 2)

BEEBERXKB=-0.149 (p<0.001) : mxbiELVETIEGE
RAEESHEE B =-0.326 (p<0.001)

i D{EFER B =-0.365 (p=0.002)
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J— A BNSYITENDITER (B=5,000)

BoHER
RAERSHEE
ik D= 58—
Hh 12 0D H E T4
INBE L DR

RAESSTAE

DD = HLN

Y U A

-0.326

-0.278

-0.157

-0.106

-0.086

-0.069

-0.052

-0.033

-0.015

-0.010

-0.547

-0.425

-0.273

-0.204

-0.177

-0.149

-0.137

-0.098

-0.080

-0.062

-0.114

-0.154

-0.064

-0.034

-0.019

-0.011

0.008

0.017

0.040

0.037

Yes

Yes

Yes

Yes

Yes

No

No

No

No

41.6%

35.7%

20.1%

13.6%

10.7%

9.4%




ENMINAE (E12)

Y—F7LA R - MMEORENERE (LH3ER)

7—hkZ+Fv 7% B=5,000
#1: ECHER #2: RAERSHE #3: SO EME
BCHER BALRSAR EEOERS

Y—KTL1Z UCLA Y—KTLAR Y—KTLA2 UCLA
®3) S ®3) ®3) ot
¢’ =-0.458" ¢’ =-0.500" ¢’ =-0.626"
MEHR axb = -0.326 MEHR axb = -0.278 MEHR axb = -0.157
95%Cl [-0.547, -0.114] 95%Cl [-0.425, -0.154] 95%Cl [-0.273, -0.064]
BANE 41.6% WAME 35.7% HAME 20.1%
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VanderWeeleERIEN D thDH4E>

BRNER
VanderWeele & Vansteelandt (2014) ORZEZERHAHIZE D K BAREN T
Baron & Kenny;&IZINA . BE-ENTEHOXRBEERATERE

DEDHE

NDE (HERAEEMNR)  ENEHEESLWVY—FITLA ROEEDR
NIE (BAMEDR)  ENEHZEL-RENR

TE = NDE + NIE (#4&%h8)

RES#H (E-value)
RAEXBINERZENL T D-DIBELRINIBROKRES
E-value MK ELMFE EFER (SnafE

AR
BIERBE THER > 26 DDENEMIT DOV TREEN 4T & R

Y O



VanderWeeleEISRIEN DA iER

R EAIRE -0.461 -0.346 -0.807 42.9%
BHOBER -0.471 -0.312 -0.783 39.9% Yes 1.51
i DISRER -0.609 -0.179 -0.788 22.7% Yes 1.35
INEAE L DR -0.716 -0.096 -0.812 11.9% Yes 1.24
Hh izt oD B A 14 -0.694 -0.077 -0.771 10.0% Yes 1.21
RAANE -0.676 -0.058 -0.734 7.9% No 1.18
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NDE/NIEXS®RDfE (E13)

VanderWeeleEREN 511 BAREDNDE/NIES #2
(F=RZL A RHD vs &L — UCLAMIERE)

RAESSTEAE -0.676
s oD EL A1 -0.693
INPEE DR -0.716 TE=-0.812 (A112%)
RO (SRR -0.609 L £{TE=-0.788 (#7123%)]
BCRER -0.471 -0.312* TE=-0.783 (A40%)
RAESSHE — O -0.461 -0.346 * TE=-0.807 (#£143%)
mmm NEE (BABEDR)

o

00 01 02 03 04 05 056 07 0.
MROREE (UCLAIRRZ A7 ADEE)

[#&R]
RANEMIEE (42.9%) LBCEER (39.9%) NEARKDENEIS,
LOEHTHREB-ENEHXEER (6;) IXIEFE — Baron & Kennyik & B/,
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EIRFET/INAE (E14)

VanderWeele BREN 3 /XAE (LI3ZEH)
E[YIXM,C]= X + 6XX + 6XM + 6 XXM + 6[X'C

#1: RAERSHE #2: ACHEER #3: WS DISERX
RAERSHE BHEEER MROERR
(M) (M) (M)
&
A
N
s
v
A % 8 UCLAZI#E H—FTL1R UCLAZI#E Y—FTL1Z UCLAZI#E
(X: $3=1) ° ) X: $3=1) y ) X: $3=1) - )
6:=-1.013 6:=-0.906
NDE = -0.461 [-0.885, -0.019] NDE = -0.471 [-0.863, -0.073] NDE = -0.609 [-1.039, -0.163]
( ] ( ) ( ]
BNEE 42.9% | E-value = 1.55 BENEE 39.9% | E-value = 1.51 BENEE 22.7% | E-value = 1.35
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2DDFEN DI FEDLER

Baron & Kenny + 7— kX bS5 v 7%
DIBZMGEHRICE DK EN ST

FEZHER axb DIS%IEFEXE THEE (B=5,000)
REERAEZEFLEV > DR EMZRELE I AIaeH

VanderWeele AR KN4
EFOREEREAIZE D ERENDHH
BRE-ENERXRBERZHTMICETILE

EESH (E-value) TRAIEXEADERIEZEEZL

HRO—H

FRI3ZEH (BCETER. RAEfAL, tigd{EfHE%) IEFET—H
REEREIIETERE - MFEZOFERITEEGH
VanderWeelei% TlXE-valuelZ & B M EEMEAfTIME ut=
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FERMR

1. Y— KT LA R IMBEREZFREICERT S
HB—FRFTLA ZXAHY DREEXIMIRENFI0.78 KLY (B=-0.783, p<0.001)
HESHBRZLDRIEHR (B=-0.551, p=0.016)

2. HCHAERSBRER T HEM RN
Y—FTLAR - BEERRE - TRE] ENEIE $940%)
Y—FTLAANBECMERESH 15 & L THEE

3. RA#®Y N7 —U OHKRHN2%E H DIER
B—FTLA R > RAEM - ] (ENEIE $936-43%)
MHETHOHREMDLGNYDIFELTOH—FT LA ADEE

4. Y — v L v ERIILELENRIE
S5 (22.7%) - BEENE (10.0%) - tHRIEHE (11.9%)
=R T LA ADMEBOHESEFREREZERT S
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H—RFTL A ROEFZREEOIMBREL L THY
BICHDEEREECENTOI S LOBHIRHNEE
RADYERET DBOTHA Y (KRARY M)
SHRATROBEEBERMICREHT D

HROBR

BERHROI-OEREROAREIEEETEEL
BEHET —FICK D/ 17 ADWHEM

E-value (NIE:1.21~1.55) [FPW/NE<, RUEXBOEEZTRITHIFRTES L
SEMEVWSBE—BRAEDT—2THY —MRIEICRF

SHORHE
HEETRIERE IS & S ERE R DIRELE
TABE (H— KT LA RBHERTRO L)
fth3thisi T DIEEIC & S /IR L DIRELE
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@ EERLDEEIZDONT., BRDERMNEBTHIVE . EEBRINMELMER,
0 ERMNEBATHLE., EEREMNMELMER,

o HIFANDEBENTEBIFL. #ffm,@h\gmtﬁr:ﬂ

@ HRTZEBANZWEE., ERENSLMER

15 H AT {#¥ (Coef.) 95 %{= 5 (2 i

=4 R 1
BHaaiENEEN Ry -0.1734 [-1.1042,0.7574]
HTEESLOIEAL | 03118 [-0.3227,0.9462]

=4 R 1
B4 ST RYRY-§ -2.1821* [-3.2587, -1.1054]
HTIRES LDIEAL -0.788 [-2.0263, 0.4502]

=4 R 1
FHAEIRAT ARy -1.3179* [-1.9408, -0.6951]
HTEESZLOIEAL | -1.3221° [-2.0050, -0.6391]
Hb s~ 0 B K 0.3593* [0.1636, 0.5550]
HETzi )\ ogx 0.5524* [0.3841, 0.7206]
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® LEHmEELDAEIZONT, BADRMNBEMTAEWNE, EFHEEINMELVER,
® ERMNBGAAITHWNE, EiFHREMELMER,
o HMIBADEENSFTDEE., EFBEENELMER
® HITETAAMNZWITE, AFEBREENELMER

IEE AT ¥ (Coef.) 95% {5 R (= i

L 1
B @ik E A EEAT AIAY-4 0.132 1-0.087, 0.361]
HTEESHDEL L -0.028 |-0.183,0.128]

L 1
B O mA ERAT AIAY-4 -0.298* 1-0.563, -0.034]
HTIEESLDEL L -0.294 |-0.598, 0.011]

L 1
FRAYEHAT AIAY-4 -0.381" |-0.534, -0.228]
HTIEESLDEL L -0.284* |-0.452, -0.116]
Hotsl~ O &R - 0.1308° 10.0803, 0.1712]
HETEzs A A0ES - 0.1060% 10.0712, 0.1408]
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e ERfEDIMEMAFLVE, LU T UANFLMER,
® I TZTHANZWNIZTE, LOYITURANELMER

EE HF T ¥ (Coef.) 95 % {2 BREE fE
L 1
BaOiE S EEAT RIRY 4 -0.141 [-7.433,7.151]
HTIEESLDITE L -1.371 [-6.342, 3.600]
L 1
BarORA EHAR RIRY 4 -11.987 [-20.423, -3.552 ]
HTIEESLDITE L -1.7489 [-11.450, 7.952]
L 1
FRA R AT RIRY-4 -7.043* [-11.923, -2.164 ]
HTEESBODEL L | -10.1167 [-15.466, -4.765 ]
B A - 24521 |0.6676, 4.4358]
HETELI ) DEX - 24521 1.2058, 3.6985]

i o A o A OEICEESETIERES S
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mzm...‘a.t.\ﬂnq*a‘va b

o IERREDEEIZDODNNT., EFENHD E. MHREAELMER,
@ HHIXKTEDANZWNZE., IIREINELMER,

® MEMAEIBEL TS E, DEMART LY FAMELMER],

e HNDEMNBEARTHWLE., DEMRT LY FHAELMER

Il 4
IEH HFIU ## (Coef.) 95 % {= #R R i
B - -0.1491* [-0.2207, -0.0775]
HETEd ) ogx - -0.1633* [-0.2249, -0.1018]
BT L2 b
IHH HFIU R (Coef.) 95 % {= #H R i
BELTWLS 1
WML Tudnn -2.281 [-6.816, 2.254)]
BENE L7 -3.415"* [-6.303, -0.528]
EFIZ 2N T Fhoidt{-Twa -1.148 [-7.290, 4.993]
HhsESEL L - -
Foft -1.134 [-12.707, 10.439]
g i R AR -0.123 [-4.595, 4.350]
(Ed R 1
BAORN BT (RTRY§ 4,233* [1.049, 7.417]
HTIHEZ LD | -1.749 [-11.450, 7.952]
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HRIR/E: & 35 3 (DIEHRPRODBY;E Lo

o MEERLEIDFEBZMEDNDEEIZDONT, EIDFEANH S & MIRRIELMER,
@ ETIL2THMRTEIADHEERT H&. REARD LT,
® EINFHLFAMNHAHET., HRTEAIADZSZDGAY | MIHEREAELATREME,

o 1RRDEMAETHLS-O. BHRIIDERIZITEIENDE,
Tl EFN2
HE AT null HEITESZ A DS
(RIRY-3 1 1
I BB (= R -0.2713096* -0.1665529*
HFTRHESLDEILWL -0.0233982 -0.0054335

71 BiEd, EFRR. BRoRR. EFNTRE
EFL2 ETALIHEHTER AOSS
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1. X EEESFTOITT

TNE - 2 (d=-0.41). KEDR (d=-0.38).
BREE (d0=-0.35) NABICIREEE T,
S T DRSS AR £ S BN E,

2. SNSIREAD X IG
SNSZEIGFT & I S TIIMEAR T LY
(d=+0.60), RER DA RITERETI=H.
oS4 VICERET HAFELADOHER
BB~ DEE LIENABE,

3. BAMMERTIZEICY

F 5 (B=-0.246) NEEFTNRDEN L,
TE LI=AA & ORI BOEBRG

MEBFEEDRID.

9 UxK

4. HECNWBROX R

B AR (B=-0.316) IR ADIRE

FBIZFTTO TZIEEER] Ll aAm%ﬁ
BDREDERLG E) NMUHRERIZHF S,
BRI EIENHBFE TOT S5 LDFRANEN,

5. FEEA IR O i

FEB A2 (B=-0.089) AHh¥ L 1= Rk
Okﬁ (M=7.3) [XFZN7% 1) X B,
AFEFOLNEVFELORHRER L
EBETERANEDT Y F U IHBE.

6&%MEEA®¥§
BEUNFALZRIEIEETIXEEHI.
DEERZ L -EEIROATREE,
BEXBELLDEXEOEG7 JO—FHEE,
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SHOEN

BETOFED - BE (0=751) ERFRICUCLAIRBRERMEIR (3-125) ZMALTHH,
BEFOARE. BE. DENA DXL, BEOTRELOBEE SEMITRE LT,
FEGHA

(1) BIEA THdH1 Bl T30 BLUVIIRENFEREICEL (n2=.028) , ZFREIGOYREEK (d=0.73) ,
(2) BIBFDEATIE, FLE - REDOR - HRBEHNREM. SNSITY XV EER (BonferronffiERLAE) .
Q) ERMEIFROFER. BEMAR (B=-0.316) &£&HE (p=-0.246) HZLELVRERTF,

(4) BISFOMRIEIBEZEN L TRBEMICHIIRRZERT 5 (N2 THER .

(5) BEMARRERFI-ZEETIHEE (n?=.038) =A%, DEZERZHHT S EEFTE (B=0.049,ns.) ,

RN DR

XEE - BEREEROBSER. SNSIEKEDFEL~AOXEEEE L XIE.

BEEVREBCHNRETH S TOT 5 LR, HMEFOVGTVFELDRPIEENER,
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EiSFhiE b S HC R

Fig.13 BiEFTOELER BEWAHE (BonferronifEiFd+)

- =+0.67 =
B - 3 {n=1p0)
. d=+0.47 ***
REDR - (n=144)
d=+0.32
BRAS | | s
d=+0.29
IREE 1 | (n=9)
d=+0.29 **
BREBE | P
N d=+0.28
PR | (n=45)
i, . d=+0.25
KE - A% | (nod
d=+0.19
B LR 1 | (53
. d=+0.03
IVE XA (n=45)
. d=-0.05
FELRE A (n=9)
- d=-0.11 I:
L%§777 7 (n=13)
mm EEICEL (adj. p<.001)
SN%ZZ?,fg) | mm E5EICEL (adj. p<.01)
Bonferroni#ilE: 12487, «_adj=.004 BEELL
-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

Cohen'sd (E=B23HELAEW)
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UCLAFIRRRE

B#88hR Short-form UCLA FRMEREE (553 KR 10 IRER-3 TREMR

FREIUNIER (220 T, SH=id O BB TR T vEns

g

BEALEE, s oH
THEBBERVLOICOA DI TS, A I B

s o z

A 5;‘.‘ F) )

:)a e MEINCTE 22 AN N U 5 L la 3| s

2) Eﬁiiiﬁ‘ﬂﬁ‘))\ ukdtﬁ = %b\cﬁfiu _J*:fnab*ﬂﬁ h‘*(*} 1 2 3 4

3) BB LW AT BANA L £400) 1 2 3 4
.fd‘iilﬁ"ﬂﬁﬁnfb\{;cﬁ’%Li';_J:?h’éhf)f rﬁ" 1 2 3 4

5) BaDLEA Ik kb‘6)\@%“?’4&‘515'%5_}'&&0& 3’?5‘ 1 2 3 4

@ D A= BISIL TOBEBEAZ Liddbn T 12| 3| 4

DESLRNCERL AL | Pz s | e

DEIDAL R BB L E | L2 s e

9) ZELAEFD N VDR 17 1 2 3 4

P e Lz s |
238, ORMLERR 3 HARETT

i)2,3,7,9,10 (ILHFREE FEET 1=4, 2=3, 3=2, 4=1 [ZHH)
Arimoto A & Tadaka E:Reliability and validity of Japanese versions of the UCLA loneliness scale version 3

for use among mothers with infants and toddlers: a cross-sectional study. BMC Women's Health. 2019;19:105.
DOL10.1186/12905-019-0792-4
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APPENDIX UGk &L &5
FRENDEHIZSNT, HhimEDL b TIEED F3 5,

T L) oy 2 KNI HRER
Lol LEnEDIrOE-SIFTLEE 0. (QIENRER 1 > )

£o74 | pEsi | L pin | e
HTIEE | Tz | bz | 0z | HTizz
57 % 3 3 %
I B EHODABE W) TAZERTES 1 9 3 4 5
2 ﬁﬁ%-i’-tf&:tﬂihﬁ%ﬁ&%i 1 2 3 4 5
T 12 & T H AR E DL S FHT 5RE S EH Tl 1 9 3 4 5
4 %(% %); Bz aEETLEL AT TLRTINS 1 9 3 4 5
5 m(% i, DI ERELA-TnD (KIEbAERY 1 , S i .
Mﬁ%é#m&)
6 ﬁﬁﬁimteﬁdé%@ﬁﬁxr@é 1 9 3 4 5
7 {L(D/\f)\ R L\é&mu\t@ kA FELTHD 1 2 3 4 5
8 HADOLHLIEOWTER 1 2 3 1 5
9 && gzhnfué&ﬁté 1 2 3 4 5
10 75\#“& ‘J‘i&’CL\éJiﬁ“éith\é 1 2 3 4 5
1 obm&g'zuﬁﬁ1<né%&ﬁmé<t&zﬁ,E#ﬁm 1 \ 5 s .
Brotzl), MR- 7s B LT LE T E X E)
12 SBLEXLAEATTIRAKENRNSD (L 2IE, HANE | \ 5 . 5
oo, i o T e B LT LE f X2 )
13 FHRAEDII 2T A (- 7 V—FDZE) TP
hhfné ! 2 8 * 5
14 [ORHE L, SEE - CHBCE B LS ko b, | \ X . 5
t@AL Y
15 *ﬁt~%'hét%f¢é 1 2 3 4 5
16 SFE oo & A »HAﬁhé<ﬂﬂ¢uf N 7 &) i 9 3 4 5
17 %Eﬁ@ﬁf—«bm% t;e:%z‘{ﬁt ELATWD 1 2 3 4 5
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FEDODA=BITEWIE LAZEL TV (FERIER)
RIRITODBRETHY . hExZZA TNz (HERIEH)
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