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Longitudinal Association of Aerobic Fitness and Motor Skills with

Later Executive Function in School-aged Children at 1-year Follow-up

—To focus on implication of aerobic fithess and motor skills in school-aged children—

Tsunenori Isa*
Rei Ono*

Abstract

[Objective] Development of motor skills and executive function (EF) is acquired during childhood and
adolescence. Although some previous studies suggest that motor skills are closely related with EF,
it is not clarified that motor skills assessing speed, strength, and coordination quantitatively are
associated with EF. This study aimed to investigate the longitudinal association of motor skills with
EF at 1-year later in children aged 9 to 12 years.

[Methods] Children aged 9 to 12 years (n = 158, mean age: 10.1 (0.7) years, female: 51.9%) were
included at baseline and 1-year later. Regarding EF as outcome, working memory, inhibition, and
cognitive flexibility were assessed using the Digits Backward test, Stroop Incongruent Color
Naming test, and Trail Making Test Part B, respectively. We assessed speed, strength, and
coordination using the 50-Meter Sprint Running Test, Standing Long Jump Test, and Softball
Throw for Distance Test, respectively. The motor skills composite score (MS-total) of the three
domains as independent variables were developed with principal component analysis. All linear
regression analyses were adjusted for grade, sex, body mass index, and physical activity as
confounding variables and the respective baseline value of EF.

[Results] In unadjusted model, MS-total at baseline was significantly associated with working memory
(StandardizedB= 0.16), inhibition (StandardizedB= 0.18), and cognitive flexibility (StandardizedB= —
0.21) at follow-up. In adjusted model, MS-total at baseline was significantly associated with
cognitive flexibility (StandardizedB= —0.14) at follow-up, but not significantly associated with
working memory (StandardizedB= 0.07) and inhibition (StandardizedB= 0.03) at follow-up.

[Conclusion] The results showed the significant association of motor skills including speed, strength,
and coordination with cognitive flexibility and the importance of mastery of motor skills for all
children.

Key Words : School-aged children, Executive function, Motor skills, Longitudinal study
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1. [FL&HIZ

ZATHEREIX. BWUd 5178 (goal-directed behavior)
F7ITEMH 5 EE (goal-directed cognition) % il
T HIZOIHEEE SNDFBHERRE I D Z & TH D,
B THEBEDFETEI TS DI B BRI DT TREERIZ
L, RFRCVEEIRE S BRI TR Y i
T 5, TWEHIZ 1T 220 THERBI L F3ERR 721 ° 7 <,
R DILFRO FTRENME, MEHEIRAE, #aRRIRb R
BEHZ 52 EPHESNTND Z LoD (Moffitt et
al., 2011) | VBN C a1 T 2 A TRERB DRI TATE 2 5
INT ORI T 2 ECTHEETH D, SHIT,
TR I THRED © BIEEUR GLIBE N5
HESD) \ ikIiEE (IEEGER T C ot T8l 2 Jidl3- 2 8E00) |
TR (RS A 25 2 8E)) 1ICKRE UKMFT D
Z EG (Blairetal., 2015), REIZBITH 3 SO F
NS ER O ENBEER SN TN D,

IREOP THERE 2 T LS 58H L LT, EE3MA
RUFEATT (7)) DS STV 52 (Diamond
et al., 2011), I TIIHFFEDEBIRE ) & B THERED
BIEIZ DWW CHIERMEE > CUV5, Aadland et al.

(2017) <°Hartman et al. (2017) 1%, $#i5 % L<
BT D T & DIERENE &\ o 7 B REHI RSO
B & W o T BRRHINC & D IEEIRE )73 THERE
BEd% = & 2B 5252 L7z, Diamond et al.(2000)
L. ZORBEOE R E LT, @I HAEAE & /MK A
FESIMNA v BT — 7 OIS 2o/ LT D,

Bos et al. (1987) 2MEET 2@EHRE /1 E7T MIE %
nhH A — Ry, T, D)) 1, AHCIEE
SNDHARTIT A MBI D 50m £, EHIFBKOY
V7 MAR=ABIFIC L T, BAICEHIETT 5 2 & 230]
BETH D, FATHIZEZIBN T, 10~12 O L E & X5
& UCHEMICEHE L7z AL, TR & ThERE
OEBEZFF L5 (Schmidt et al., 2017), L»»
L., [RAE— K] &0 EHEBRE DS THEED 3
DO TN EZ D H D, EOBRITHEL 52 50T
FEICRET STV, S 5IT, 1 AR OREN TR
Ze LT 3720,

2. By

AWFZED BENE, 9D 12 A SR E L WES
RHE LT, [AE—=FR], 0L, D)) 28
B U723 EBEE 1A% 1 45 DA THERED T ARk B

(TEZERDIE, PIHIAE. SRINZRiE) (ChH-2 B80T
ODWTHETHZ L LT

3. Tk

3. 1. MIRAESLURRE

AFTEL, FERNIZ S D 2 LD/ INFAL D 5E
R D /INF AR L OVS 4EAED 204 4 (44
934, 54F:1024) Zxtgl Lz 1 FHoOmimE =
— MIETHD, MHEED I B, (VRBISHEFRIC
B WRE 34, (i) N—RTA URHCT — X KERH
STV 14 4, (i) 7 4 v—7 v TRHIT — 2 KM
bol-IRE 11 4. (v) 74+va—7 v 7 ROERRES)
DFGHEDS 10 73—t 2 2 A VLT @i S /ey s,
FEMRESEEOR L ERSND D v AT E
(Michel et al., 2011)) DUE#E 18 4 2[5k L 7= 158
BTG & LTe (=R T A VW R +
R, 10.1+ 0.7 6 221, 51.9%) . 2017 FET~—
ATA LI DEATIERE, EEEES ), SR, (REAH
EL, FEOORREDT, tGEITa R AER
MERHNT, ZOMOFHmEEIZ W TEIZE Lz,
2018 T 7 + v —7 v T OHIE % RN [FkD )7
EAEAWCTHE L, AR, T~ X ES B
FOBNED HENEFRORE BT DI 2
F 270 BT BEGEE U CALERT S, [EERSE
(ZBET A mEHESE) B LU TERRRIZRIC B 5 fmBite
B 2T LTe, Teds. AMFIUIE KRBT
AR AREIR B R Lo TRE S, MK
RPN R PR R ORGE 21572 ECHERM L
7o URGRE S : 2 5453 ) . AW A T DM,
BINFRROFHR:, 7 7 AT, (L7 LN
ICEHB IO OETHORMAEZIT, A 71— A
Fartvr hBIOT Y FaHE ETER L,

3.2. AIFEIEH

3.2.1. B8R

EEReiEIE, WHEmiT v = 7 27 —AFnRef s 3
hiz31F % Digit Span Test (DST) % HAWTHIEL
7= (Wechsler, 1994), DST L. HIEE D Ferr T 7
BN MEET 57 A N ThDH, Brnding-
BF A oEBT AR L A0 BEET H00E
D 2 FHADT A M &NAIZENE L7z, XTI 3 M1 b
IMTETERL, [F—HDOWITE 2 [BIT21To7, [H
—HMAZRIT 53 TZ 2Bl & HIATTE RS TR T
T & LTc, AWZETIX, JATHIZEZIEN, B
maeEERREoOREE LTEMA Lz (Baron, 2003),
WEOE AL, AT 2 EHEE (0, 1, 2)
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L XD (3~9 #1) ZENTAEDETAFIAE (0~
84 ;1) KVEH ULz BARIGAH: 3¢1)*x2+4H1)x2
+5HDX2+6(H X2+ THD)*2 +8(H1)*x2+9U1)*2) , 15
REWEE, EELEREWZ 2R,

3.2.2 HNIHRE

PHIFEAEI L, Stroop test & FH\CHlIE L 7= (Golden,
1978), Word Reading #fHTld, #frEis, BT
RSN TV D EAEEE (b I - HED) % 45
FORICRIREZR IR Y < Hidr B 5 K D IZ#rm Sz,
Color Naming i Tl #fi i 3 4 R+ F k0 D
WU TEBONZIUA DL 45 FORICREEZRIR Y
L FEA BT D K 9128 ur ST, Incongruent Color
Naming (ICN) #fHIL, a4 HEE (B> - HE -
EV) BEDGLIIRI DA 7 Ot GR-F ) T
Ll SN TRY (i HFETDY, HEaTDE) |
PARENIA 7 DEDAHTZ 45 FOE THREZRRY &
<Hi BT D X9 lZBREnTz, AW CIL, ST
ZEIZHEV, ICN Sz IifilfRE DFatE & L TREF L7

(Sarsour, 2011), FHAREEICIIT A15M0%, 1IEREICHTE
F BT T A BEEOH (0~100) & L7, fSabdmn
T &, PIHESEE D B2 & 2T,

3.2.3 PRENZENE

FRENZEHIMEI, Trail Making Test (TMT) % fHu»
THIEL72 (Kortte, 2002), TMT part A (235U T,
PHRE L FTREZRBR Y . B3 Evnic & IEZ I
B CRES L 2 Ic#r &z (Bl 1-2—3—4), TMT
part B (TMT-B) (25T,  #RFILTRE/RIR Y
<, BFEBIVOLRRNEINT-AERTEOLN
72 E R HAIZEM TRHES L ) ICH R sz (B 1-5
-2V, ABFFETIL, FATHIEZIE, TMT-B @
oA SRR EDOFERE & U Cfli L7z (Sarsour,
2011), ATREDNEVNE L, FRAZEMENE N &
ERT,

3.2.4. ;BERES

EEIRE X, SCHRMFART) - EBIRE A L D
HATIT A N FEREEIA (6~11 x4 2 2RI LT,
Fhi L7 CCERIEEE, 1999), ik )17 A S OEE O
D, 50m £ (B). SEHIEEE) (em), Y7 bR
—WTF (m) OFtEREZNENAL— R, i),
FHOFRIEL U=, 50m EOREAV NS WNEE, A
— ROFRENENZ L2 £ T, CHIEOS LY 7
R AR— VBT DFFEER R E VT E, 75138 L OFHIE )
DFREERENC & 2T,
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3.2.5. ZDithDFHEER
PRI, AR, L. B R ANERRE HOVCE
WA, FR, REIT 2 PRI 2 E IRk
THE ST —# #fH L7-, Body mass index
BMD %, FE keg) 24K (m) OFTHRLT
RSBl E e, SIREBRIE, A AGE
Physical Activity Questionnaire for Older Children
(PAQ-C) ZHWTHIE L7, HAGEMW PAQ-C %9
~12 DO E ARG E LT, 9 HE TR S U8
L Vi T HMOFRIEEEZFHET BRI TH Y |
EH DITZEMR LOEFEEIC OV THREL TV D
(Isaetal., 2019), A= 7{ki%, FERIZxFLT5 £
IETR BB O L 0 B L7z (1.00~5.00)
AAGER PAQ-C DR mWNEE | FIATEEIEN %
WZ KT,

3.3. HrEtERAT

FI EERE ) OWFE IR L LT N vy
AVENZ K D EHRE W2 B 0T ATV, TEERE
DOERUE (composite score) ZHH L7=, 50m A=, 37
HIEHEOY, V7 MAR— VT OZENZE DR F-Efnf &
73 0.400 LA ETHHEMO T T, HHESh - AkiEE
MS-total (Motor Skill-total) & L7z, MS-total iZ—
AN FAER L ORI &R < BT 5 2 & D, FH4E
B X OWERICHERE( L L 7= MS-total 25 H| L7=,

I, R—=AT A AREOERRES )N T A0 —T
PO TRRAEIC G- 2 D BB DUV TG 72912,
PR T Wz, 74 1 —7 » TIRROKZ TH%
REA BAVASL, ~—RA T A LB MS-total ZailZE
Bl LR T V2 F ik, AR 2 EET 5
7olz, MR, BMI, SiRNEEIE, ~—2 T A UKD
B THRRE A TR BN LT e T V2 EhE LT, 72
B, FHTHERRIITHRIR EBLEZITH 2 LD,
ARAPIEE T ML PR A TREFRA LT,

T RCOFFHITIL STATA software version 14.0

(StataCorp, College Station, TX, USA) Z 1 H L7-,
AT I T Dita A E/KIEIL 5%AM & LTz,

4 HBRRUER

F1F, R_R—RATA VB LO 7 0 —7 v 7RO
RIHRE ORI R LT,

4.1, EEDPHTOER
TR OITCBIT 55 1 T OEERIL, 4 H%
FT58.0% (KFAfE: 50m &, —0.83; 2 HIEHE,



0.75; V7 A=A, 0.70) | 4 F4 1T 62.5% (K] A, —0.90; YEHIEEKOY, 0.87; Y 7 FAR—A T, 0.73) |
FHA i 50m 5, —0.84; SLHIEBEC, 0.88; Y 7 bR 5 44T 65.5% (KIT-Hff : 50m &, —0.88; LH
—/W 17T, 0.63) 5 EFFT 70.3% (K F-AfiE : 50m MR, 0.74;, ¥ 7 hAR—L481F,0.80) Th o7z,

x1. NRERME

P (Vg TAu—7 v
444 5 A 5 A 6 P4
n =68 (n =90

D, % 9.5+05 10.5+0.5 10.5+0.5 115+ 0.5
T 33 (49%) 49 (54%) - -
BMI, kg/m2 16.7+2.0 17.1+2.2 17725 17.9+2.4
PAQ-C, A 3.33+0.70 2.85+0.76 2.76 +0.69 2.50+0.70
DST 18, s 10.1+5.1 14.0+ 7.7 14.4+89 19.4+10.9
Stroop ICN #H, 41.5+10.7 474+11.3 48.9+12.4 55.2+14.2
TMT-B, # 89.3+25.9 73.5+22.9 69.2+17.7 60.7 +21.8
50m A&, 9.73+0.58 9.71+0.64 8.96 + 0.52 8.97+0.63
N HIREBEOY, em 140.1+21.7 147.5+19.7 153.9+ 16.3 162.9 +20.6
V7 MRS, m 17.4+82 17.9+17.9 21.9+99 20.3+9.0

BT TEE + FEERE, HDWIRERE (%) 2T,
PAQ-C (35 {AiEENE:, DST BT TS, Stroop ICN ARSI XHNHKEGE, TMT-B | 35RENFARMOFMHRIE & L
TEMA LT,

BMI, body mass index; PAQ-C, Physical Activity Questionnaire for Older Children; DST, Disit Span Test; ICN, %%
Incongruent Color Naming; TMT-B, Trail Making Test part B i‘
B

F2. R—RF5A UEDEEREN & T+ O—7 v TROZRITHEEDBEZ R LI IRBEIGRSTORER Ej%
T4 a7 v FHEOB THERE g

E i AR °

ARAHEE* A EN A ENE A /jf

MS-total 0.16 % 0.07 0.18% 0.03 -0.21+ -0.14 % %
S 0.23 ¥ 0.06 0.22 0.02 -0.19% -0.01 ]/
TR - -0.08 - 0.06 — 0.01 o
BMI — -0.04 - -0.01 - 0.11
QLSS - —0.08 - 0.02 - 0.08 .
N2 T A RO THEREY™ - 0.57 F - 0.81F - 0.55F ;7%

Bl AT L B TR LTS,

MS-total, Motor Skills-total; BMI, body mass index
PRI THERE & 5R < BT 2 7o O AT T /TR
w0 N LOBITHEREE A

T:p<0.01

I'p<0.05
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RIITFF S, EERE AR MEDIREIC L 5T
HETHHZ LERLT

5. F&BH

AL, 9~12 iZBIT D IRE AR L LT, &
BNRE ) SRR B A B2 5 2 L &R LTz, K

TOFEFIZ L T, TRTOFELITE ST, EH
B DOBEGOBEEMI R I,

298 2018 /I AR —Y W5

(&3]

Aadland KN, Moe VF, Aadland E et al. (2017)
Relationships between physical activity, sedentary
time, aerobic fitness, motor skills and executive
function and academic performance in children.
Ment Health Phys Act, 12: 10-8.

Baron IS. (2003) Neuropsychological evaluation of the
child, Oxford University Press.

Blair C, Raver CC. (2015) School readiness and
self-regulation: a developmental psychobiological
approach. Annu Rev Psychol, 66: 711-31.

Bos K. (1987) Handbuch sportmotorischer Tests
(Handbook of sport motor tests). Gottingen:
Hogrefe.

Diamond A, Lee K. (2011) Interventions shown to aid
executive function development in children 4 to 12
years old. Science, 333(6045): 959-64.

Golden CJ. (1978) Stroop Color and Word Test: A
manual for clinical and experimental uses.,
Chicago, Stoelting Co.

Hartman E, Smith J, Houwen S et al. (2017)
Skill-related physical fitness versus aerobic fitness
as a predictor of executive functioning in children
with intellectual disabilities or
intellectual functioning. Res Dev Disabil, 64: 1-11.

Isa T, Sawa R, Torizawa K et al. (2019) Reliability and
validity of the Japanese version of the Physical
Activity  Questionnaire for Older Children
(PAQ-C). Clin Med Insights Pediatr, [In press]

Kortte KB, Horner MD, Windham WK. (2002) The
trail making test, part B: cognitive flexibility or

borderline

ability to maintain set? Appl Neuropsychol, 9(2):
106-9.

Koziol LF, Budding D, Andreasen N et al. (2014)
Consensus paper: the cerebellum's role in
movement and cognition. Cerebellum (London,
England), 13(1): 151-77.

Ludyga S, Gerber M, Miicke M et al. (2018) The acute
effects of aerobic exercise on cognitive flexibility
and task-related heart rate variability in children
with ADHD and healthy controls. J Atten Disord,
doi: 10.1177/1087054718757647

Michel E, Roethlisberger M, Neuenschwander R et al.

(2011) Development of cognitive skills in children
with motor coordination impairments at 12-month
follow-up. Child Neuropsychol, 17(2): 151-72



Moffitt TE, Arseneault L, Belsky D et al. (2011) A
gradient of childhood self-control predicts health,
wealth, and public safety. Proc Natl Acad Sci U S
A, 108(7): 2693-8.

SCEREFYAE. (1999) Bk )17 A I (6 mk~11 ik
K5

Niederer I, Kriemler S, Gut J et al. (2011) Relationship
of aerobic fitness and motor skills with memory
and attention in preschoolers (Ballabeina): A
cross-sectional and longitudinal study. BMC
Pediatr, 11(34): doi: 10.1186/1471-2431-11-34.

Piek J, Dawson L, Smith LM et al. (2008) The role of
early fine and gross motor development on later
motor and cognitive ability. Hum Mov Sci, 27(5):
668-81.

Sarsour K, Sheridan M, Jutte D et al. (2011) Family

status and child

functions: the roles of

socioeconomic executive

language, home

environment, and single parenthood. J Int
Neuropsychol Soc, 17(1): 120-32.

Schmidt M, Egger F, Benzing V et al. (2017)
Disentangling the relationship between children’s
motor ability, executive function and academic
achievement. PLoS One, 12(8): e0182845. doi:
10.1371/journal.pone.0182845.

Specht K, Lie CH, Shah NJ et al. (2009) Disentangling
the prefrontal network for rule selection by means
of a non-verbal variant of the Wisconsin Card
Sorting Test. Hum Brain Mapp, 30(5): 1734-43.

Wechsler D. (1994) Wechsler Intelligence Scale for
Children, 3rd ed, London,

Corporation.

Psychological

Z OMFFEIFFE) AR —Y e 252 CohE L 7= b
DT,

24- B RAR—VIHE
SASAKAWA SPORTS FOUNDATION

2018 )| AR—YW7eE 299

i
o
%=
B
o
7

I - *ro

N
&

S E TOBRIO & — SN

S



