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Research on Positive Effects of Moderate-Intensity
Exercise on Problem Behaviors and Heart Rate
Variability in Children with Attention Deficit
Hyperactivity Disorder

IR KB, MR

SU Yu, ZHANG Renren’, HE Yi

W OE. B8R RP IR EEFMIEE S S 3 A (attention deficit hyperacthlty
disorder, ADHD) JU 3 |5 # 47 4 =& & % J3-14 (heart rate variability, HRV) 89 %5 v, 7 ik : R

JA SNAP-IV & £ 0 % 13 % ADHD L& [ £ 10 %, % %3 %;(9.00=1.15) ¥ ] T 1 K
20 min W 5 3% FIE F) (FAHEF & K A TFAR) AT S Y R AT A R A S 20
W, [ M) 3%, 5L (Mega Faros 180) Y5 i& 3 T . J5 VA & & 3h £ )] HRV 3847, JE 415 39T 6 VA&
32 B H 18] 242 30 min 3% 2 A 6 AN B (t,~t) , 2T R F B BCHRV 89 B AL AE A R B B £
Fo %R 1)E3E,ADHDILERZEARE T  S3hb o) A2t #ifF 5 FF 2 HKTE
#H A7 (P<0.01);2)3iE 3 & ,RMSSD . SDNN HF \LF TP % #1& T i& 35 A7 (P<<0.05) , LF/HF
R FAA LI AL H 5 3) 35 3 19 B 3K 5 47 RMSSD.SDNN B 5 £ % B 3%, 244 T4
#(P<0.01),37 3% 45 4% LF . TP .LF/HF B 8 2 % 2 3%, LF &4 F % (P<<0.05) . TP ££ t, i &
Al % FH(P<0.05) LF/HF % L6 T (P<0.01) HF B2 F R 2%, 4. PERAE
iEF e —E AL L5310 ADHD U R M 4 A K E P EAT A GEEARE T 53
B A b A, B4R AE M HRY BAK B 232 % T A 4 3007, 3% 15 3 7T Al s 3
%A EAVE Z A AR T AL ) 5 ADHD )L FIAT A 69 B E- 1R 4k R 78 K

KB PHFIREIEF R E B S AL E R B AT

Abstract: Objective: To explore the effects of moderate-intensity exercise on problem behav-
iors and heart rate variability (HRV) in children with attention deficit hyperactivity disorder
(ADHD). Methods: Thirteen ADHD children (ten boys and three girls) (9.00%£1.15) years old
were required to complete a 20 min moderate-intensity exercise (swing movements, step tests,
turn-back runs, opening and closing jumps). The problem behaviors were measured by the
SNAP-IV scale before and after the exercise, and the HRV indicators were monitored by the
Finnish electrocardiogram tester (Mega Faros 180) before, after, and during the exercise. The
whole 30 min (before, after, and during the exercise) was divided into six time periods (t,~t;),
and the variation characteristics and differences of HRV in different time periods were analyzed.
Results: 1) The scores of inattention, hyperactivity-impulsivity, and oppositional defiance of
ADHD children after exercise are significantly lower than before exercise (P<<0.01); 2) RMS-
SD, SDNN, HF, LF, and TP after exercise are significantly lower than before exercise (P<<0.05).
LF/HF shows an increasing trend compared with before exercise; 3) the time domain indicators
RMSSD and SDNN during exercise have significant differences in time periods, with a continu-
ous decreasing trend (P<<0.01), and frequency domain indicators LF, TP, and LF/HF have sig-
nificant differences in time periods, with a continuous decrease in LF (P<<0.05), a significant
decrease in TP at t, time period (P<<0.05), an increase and then a decrease in LF/HF (P<<0.01),
and a non-significant difference in HF time period. Conclusions: Moderate-intensity exercise
can weaken the negative emotions of ADHD children to a certain extent, and effectively im-
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prove problem behaviors, inattention, hyperactivity-impulsivity, and oppositional defiance are

all effectively improved. During the exercise, HRV decreases gradually, suggesting that moder-

ate-intensity exercise can provide a physiological basis for the improvement of problem behav-

iors of ADHD children by enhancing the ability to regulate autonomic nervous system function.

Keywords: moderate-intensity exercise; ADHD; children; HRV, problem behaviors
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VE 75 B B 2 2l [ S Cattention deficit hyperactivity disor-
der, ADHD) X B £ Zh i , i 4k 38 [ R i i 1512 M 5 40t
TR 5 DY R v v R O B 2 B IS B TR AR v, RN
Z A pp B B v R B B 8 R 48 5 B 3 2K (Posner et al.,
2021). ADHD L SR 2 0 AR BEALRE . O BENLRE R &
8, HAR MR T ER JLE (B9, 2021) o A7 A CHIE W
/N, 3 [ ADHD LB 500 % 0 5.7% (¥ B8 46,2021) . AD-
HD L2 (7697 5 8 5 55 i 5 il 7 2 B oy S 30 € e v
[ 2030 A0 K 44 2 ) 4 R Ak e B A5 1K B AT 0GR 40

ADHD 1, # J3& & F TR AH G 70 = A o T 254
il (Lee et al., 2022) \ AE 4 | 45t CVF B 45,2021 K &
% 1% (Groeneveld et al., 2019) %5 J5 [ , K #2516 97 1)
Bl E F % K (Jiang et al., 2022) , ZE 9 I B3R 97 1 A i K
LB AR (B 0, 2021 , 17 1 B 4B MR 1 3 2 B A
f5 (Lambez et al., 2020) . & & 4 J& X} ADHD JL# F &
FEURR 5 Wil P9 AF G BIF 9 2 4 o T 1P Al 4 38 3 3 1] AT
NI R (Fh A% 25 ,2019) , 5 LB Y2 Bl 36 1] AT M 1 5%
Wi LA KRR R 32 Bl T S5 AT AE 3l 4 8] 1R AR IR S I
W5

1L A B (heart rate variability , HRV ) /& 5 32 7¢O 8k
Z ) T A7 AE /N 22 e (PR 48,2016) . 1230 5 HRV 1)
TF 78 AR 2 AR rp 7E K #3235 (Hammami et al. ,2017) 5
K3 1138 3 (Isar et al., 2022) X% HRV [#) 8210 LA K 50K s
S AR HRV (A8 fh CR ¥ ,2016) » HRV 7] [ Wt [ £ 4 28
% 4t (autonomic nervous system , ANS ) i W 35 3% 45 {K 1) fig
71 (Dolezal et al.,2014) . ADHD )L # [f] ANS Th g 5 IE &%
JLFE A7 {E B 44 2 5 (Robe et al., 2021) . fif i ADHD JL#
2T 5 W HRY 09 1 WHF 5, 52 30 (7] HRV [ 28 18,
A5k — bR 90, UL HRV B A8 3 T Wi ADHD JL#
F R 1 O A B R bR S A S A A BRI .

YT, AW A S FE R AL 45 58 18 B X ADHD L
] AT B RE N, BL A2 3T L 5 HRV (AR AR AE A IS
Bl A (8] HRV (1 I5 B 2% 55

1 HRMFE5HE
1.1 AR R
134 ADHD JL#E (B A 104, L3 2D, Fi#l N T~
11 %, FHER N (9.00+51.15) % ; 5N 115~145cm,
P34 B N (132.469.64) em s 1A i &N 16~48 kg, T 1)
A B (29.46+10.63) kg #R TGS V2 PRI B R K
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Figure 1. Screening Process of Experimental Subjects
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122 Lk

ADHD JL # 47 20 min h 5558 fEi2 ) . 1231 H A



JiAR A ARSI IZ S AR S AT SR b 2 S i) L3 10 1R AT D9 B Lo AR SR PERIT

FEEZE St . 10 m 73R i . JF & Bk (Pan et al.,
20190, AP FEHZ B & B L TF A Bk e A R
PLTA/s BETT 223047 10 m TR I DL 8 s O 1 MEIR 122
BEAT + 38 I TS 36 %) 32 ) 5k FE T DA E FR T L 45 R R
B, 323 T H f6 B L By B L 518 Bl 5 B VT IC AN 3R W
I W e 1 R BUAT .
1.2.3  #F % TR il 4547

K H SNAP & & 1) 3 44 it SNAP-IV (Chinese version
of Swan-son Nolan and Pelham, Version IV Scale-parent
form, SNAP-IV) & R AE RS TR ZERLZEN
Fi T ADHD JLE 2K H WERZ —, mRILE T 3%
E26 M H, R AR AIAETINKE 23 E 94
26 H X r it 8 N2 H , Cronbach’s o & #1M 0.95 (K #k
85,2020 o R EE 43 Tk v Al o6 B AT IR S MR I 4%
H, PP AR HE X8 B 7 58—, L0 A s OR 4 — 550, A
W R AT R AT 4.

K FH 25 220 B B 41X (Mega Faros 180) 1t 3% 12 3))
A7 iz sh 1) iz 3 )5 3£ 30 min ) HRV, {# [l HRV-Scanner
RGNS HOEAT /M. HRV $ b 6045 3% B2 AR 41 1F 5 21k
2Bl 31 22 18 19 59 75 #R (RMSSD/ms ) « R-R [ 1 5 44 ~F 4
% 1 72 (SDNN/ms) « 2 5 Ty % (TP/ms’, <<0.40 Hz) . /& #i
I % (HF/ms?, 0.15~0.40 Hz) . fik 41l T) 3 (LF/ms?, 0.04~
0.15 Hz) G 5 w5 41 2 b (LF/HFD AF 9 28 BIR 25 10 I 7
fEbx. SDNN.TP el [ 4% 53 ) B A 5 fiE , RMSSD \HF
TR E MR 5K ) (RIS I 4828 AR R, LF 32 2 e
ACIEAR 225K /), LF/HF J B AZ 1% 5 Bl 38 8w 22 0 2y 1) 350 i
P, Hh, RMSSD . SDNN AR 545 47 ; HE \LF . TP Jy 473
E{EL
124 EHHES

Bt 58 B 1 UK 20 min H 48 5 BE T2 F)) , 32 2 I H K R
ADHD L2 [¥) B¢ 5 5 A R8I 45 , i 35 151 5 5 47 4 4Rz

. G B IAR L 3R H L JF A Bk (Pan et al., 2019) . B3
BT A B4 I 3 1 25 L LG Bh F o1 3RV a1 AR
BEATHEAAIEED . G B IR 10 m 37 3R B L T & Bk, R 150 H
1230 5 min, 12 2 1 (8] A2 B4R b5 A0 WG 0, R, #E32 B JF
G T 5 min K& 45 35 5 min 384T AR S AT B R T
e LRMARFI B ER VLT I LW IKREEMA, &
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FUEFEY, GURETFELRIER.
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Figure 2. Experimental Flow Chart
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i, A3 & BRI FE o 36 U 5K A BR % FR Greenhouse-Geisser
FHON oy W 5 R AT RSO, 355 PR 0BG SR H LSD
B oy i 4 R 7 e W VKT E P<0.01 AAEH B3
0.01<P<<0.05 A%

2 R

1595 9 (40.08£4.42) 4% , 1 5 5 il AT J9 MK T2 3
A, IZZh AT . J5 ADHD JL3E SNAP-IV R 1570 2 7 AR % &
F(=11.277,P<0.01)
212 EEHTEF

Hh &5 5 B 18 B AT (1)) <18 3 )5 (1,) ADHD JL# VE & 7
NG5 oy BT 45 SR 7R I8 BT L J5 ADHD JL 2 7 5 5k

2.1 EFHE S FIAT A0 B W15 4 22 % B8 2 2% (1=9.157, P=0.000) , iz )] J§ ADHD
2.1.1 SNAP-IV &% %4 JLEEESREA ST Eahn, AR RINEERE IAE

Hp 255 5 38 B AT (t,) 18 8 J5 (t,) ADHD JL # o) @ AT
9 SNAP-IV 3 £ 43 15 0L 43 7 45 S 275« 13 4 ADHD L
12 Z) {if SNAP-IV £ £ 15 5r y (55.08+8.02) 7p I8 3l 5

th 46 H 2(£=3.207, P=0.008) . %% H 3 (1=3.742, P=0.003) . %%
H 5(=4.382, P=0.001) %% H 6(+=3.207, P=0.008) . % H 8
(£=5.196, P=0.000) 15 73 & 3 B (3R 1),

®1 EHELEERNREREIIELE

Table1 Comparison of Mean Values in Attention before and after Exercise n=13
. Ehp2d
Y E R AR P
B (t,) E 5 (1)
ABARET 21.624+2.39 17.54+2.02 9.157 0.000”
1.2 AR L R A EF B, ik E T ¥ 6930 3 h LA S 89 B iR 2.6140.50 2.3840.50 1.897  0.082
2R AR G R T AR R E S 2.30+0.48 1.84+0.38 3.207 0.008"
3. B AL RIFAIEAT T B HA ST h (f) L35 69 1 5 2.2340.59 1.69+0.63 3.742 0.003"
45K Dk, LRk AR FRAE LR EF 2.15+0.55 1.9240.49 1.897 0.082
SARMELA L IR] TAEREF) 2.154+0.80 1.534+0.51 4.382 0.001"
6.3 Kk RRE BENFETEEH LI T 2.61£0.50 2.15+0.37 3207 0.008™
T AFEELRENTLEHRD 2.23°+0.43 2.23°+0.43 — —
8RS 5 2 SM RN B v Fa e 2.76+0.59 1.61+0.50 5196  0.000”
9. EBFAFPRE 2.53°40.66 2.53'+0.66 — —

Eia kT EFHOAREL A0, Rk *4P<0.01, TR,

2.13 %z
rp 855 5 32 B T (1)) V12 8)) )5 (t,) ADHD JLE £ 8 3l

9.815,P=0.000) %% H 2(=6.743, P=0.000) . %% H 3(=5.099,
P=0.000) . %% H 4 (+=4.430, P=0.001) . % H 5 (+=6.062, P=

AN LA M 25 B R IZ B ET 5 ADHD JL % £ B E) 0.000) . 4% H 6(1=8.832, P=0.000) . %% H 7(+=3.742, P=0.003)
1545y 2 5 4EH 5% (.=13.885, P=0.000) , i 5/ J§ ADHD )7 oy BEFRGR D,
ZE MBIk Fisshar, R RIAEZ sz B 1=

®2 EHE.ESHANHEIHELE

Table2 Comparison of Mean Values of Hyperactivity-Impulsivity before and after Exercise n=13
Yt ALK A MR ‘ P
B (t,) EFJE (t,)

%35 20.15+3.43 12.92+2.01 13.885 0.000™
1. A2 A% b 50T F W S R 44T A 2.61+0.50 1.30+0.48 9.815 0.000™
2 EHE R LI G AL GG SRR E BT R AL 2.15£0.55 1.23+0.43 6.743 0.000™
3ETRE 04 5L B B ek 2.15+0.80 1.15+0.37 5.099 0.000™
4 A T BA G R IR E D) 2.61£0.50 1.76+£0.43 4.430 0.001"
5.8 —HAED 2.69+0.48 1.61+0.50 6.062 0.000™
6.7 % 2.53+0.51 1.53£0.66 8.832 0.000™
7. A R R K P 7R A e A 1.69+0.63 1.154+0.37 3.742 0.003™
8 AL P R AR E S T, Tk H AR F IR 1.9240.64 1.76+0.43 1.477 0.165
9. 37T B A F A A 1.76+£0.72 1.3840.50 2.132 0.054
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2.1.4 FLE AR
S5 B E B AT (t,) 12 3l ) () ADHD JL X 7 i
PR o 18 W A 4 L R 12 3 H0 L )5 ADHD JL 6 2%

JUEE RS SLI LA 0 R T a8 Sl A, B R R IR X 7 9t %
H 1(=5.196, P=0.000) . 2% H 2 (+=3.411, P=0.005) . % H 3
(+=3.207, P=0.008) « % H 4 (+=2.739, P=0.018) . % H 6 (1=

Yy # 5 AR H B # (1=5.730, P=0.000) , iz 3 )5 ADHD 3.333, P=0.006) [¥] & 3 PR (K 3) .
x3 EBEEEIIERESSHELE
Table3 Comparison of Mean Values of Oppositional Defiance before and after Exercise n=13
, [hP2d
HAARMK R EAH (1) w1 ! r
PSR 13.314+3.17 9.62+1.44 5.730 0.000"™
1. Z M4, 2.15£0.55 1.234+0.43 5.196 0.000"™
2.5 kA% 1.84+0.68 1.234+0.43 3.411 0.005™
3. EHHBRIRBAEL KA T RGP 2.00+0.70 1.5340.51 3.207 0.008™
4B FEM—EF L TFRANA 1.8440.55 1.46+0.66 2.739 0.018"
5.8 B TALH AR R E S 6947 A iR T ALA 1.15+0.55 1.00+0.40 1.000 0.337
5y B BARE By AR R A 2.074+0.95 1.304+0.48 3.333 0.006"™
7. A A A (R) B 1.234+0.72 0.9240.49 1.760 0.104
8. BERAMAC 0.92+0.27 1.0040.00 -1.000 0.337

#:%0.01<P<0.05, FFl.

2.2 iEFHJE HRV 89 TALHFAE

2558 B 02 B AT () 18 3 J5 (1) ADHD JLZ# HRV 48
FR 3 M 45 R R - 383 )5 (1, ) RMSSD . SDNN . HF . LF . TP
S 2R W FK T8 3R (t,) (P=0.002. P=0.002, P=0.025 . P=
0.01.P=0.003) ; iZ &l & (t,) LF/HF 5iZ &1 (t,) /A 17 1L 5
#2255 (=-1.069, P=0.306) . & W rp & 5% J¥ 32 3l X RMS-
SD.SDNN.HF.LF.TP Z %7 /£ T — & #% & Lk 1 4 1F
H, 1235 HRVAR T2 8 i (R 4) .

F4 IEFEIJEHRV SHNHELE
Table 4 Comparison of Mean Values of HRV Parameters before
and after Exercise n=13
[hg2d
FEAF t P
EF] (1) 23 G (1)

RMSSD/ms 30.63£16.05 13.62+8.98 3.969 0.002"
SDNN/ms 52.514+15.97 35.28+13.62 3.813 0.002"
HF/ms? 530.97+610.11  112.224+185.96  2.553 0.025
LF/ms® 987.35+839.20 274.96+293.05  3.067 0.010

LF/HF 3.361+2.09 4.641+4.37 -1.069 0.306
TP/ms®  2471.54+1688.65 911.96+1177.17 3.708 0.003"

2.3 iEFH M HRV 89 B E 2 5+
23.1 RMSSD
*%gﬁgﬁi}],ﬁﬁrﬁﬂ4/I\HHLE§€(t1\t2\t3\t)RMSSD??%[
S 230 o DH) 3 R N R g 2 4 BT A R SRR < 32 B 3 1]
RMSSD I Bt 2 5 8 Z [F | s 10s,=9.995, P=0.002] .
JE O BRIt 5. 5 6t 5t J5#  RMSSD {1
F i, 2R AEH B F (P=0.000. P=0.005 . P=0.004) ; t, 5
t, 5t 5 I RMSSD L T 5 &, T6 2 # % 5 (P=0.683

P=0202);t, 5t, FHEMRMSSD & T i &, LREER
(P=0.744) . %45 B F 4% I B RMSSD & $ 7 # $ £ 17,
1Z F) W A) ¢, N B9 RMSSD 23037 T 6,0t t, I B, Hoeh
ot I B AG T B 35 2 e (13D

16 ok
14 1 12262
121
g 0]
5" 7.549 7875
a 7.079
=N
6.
4..
2_
0_
t, t,
Wi
B3 4B RMSSD REE
Figure 3. Schematic Diagram of RMSSD of Four Periods
2.3.2 SDNN
Hp 4 5 5 32 2 A 1] 4 AN B BE (et 1 t,) SDNN S 4L (1)
S PR R R RN R ZE A, S5 R R - i2 3 Y

5] SDNN I Bt % W 2 [ F | 13700,=13.357, P=0.000] . =
Ja R L R ot 5t 5t 5t S5 # 1 SDNN I+
B, 2 5 4B % B3 (P=0.002. P=0.001.P=0.001) s t, 5 t,.
t, 5t t, 5 t,, J5 % () SDNN K T 7 &% , & & # % 7 (P=
0.626P=0.361.P=0.636) . %45 R [ % I Bt SDNN % °F
K%, 18 33 ) 55 1 B SDNN 2 803 i 136 2.
VAN B K2 3 A B AR TR % = 7 (4.
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Figure 4. Schematic Diagram of SNDD of Four Periods
2.3.3 HF

Fp 25 i R G2 A I A 4 AN B B (4t t) HE S 5087
B (ERGiBVRN PSR i R ST e P
HF BB ZE R R ZELF o s0385=3-370, P=0.081]. HJ5
ARt 5, EE M HF LT R, £ 7 B3 (P=
0.018):t, 5t t, 5t t, S5t t, 5¢t, 5EE B HFIR T A&,
TG 2 1 %5 R (P=0.084 . P=0.102. P=0.985.P=0.856) ; t, 5
t,, J5 & W HF & T, T W3 % 7 (P=0.977) . %45 R
K & N BCHF Z 80 B8R W], 18 sh W11 28 1 i BL i HF 2
B T8 2.3 4 B AHAE B8 1 IS BRI SR 2 I BRAE AE
Z 5, WA B ) ) AR TE 22 e (B 5D

701 48845
60 1
50 1
%4 40 1
£
s
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