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EFFECTS OF EXERCISE INTENSITY AND PHYSICAL
ACTIVITY LEVELS ON THE BRAIN AND COGNITION

KEITA KAMIJO, YOSHIAKI NISHIHIRA, and TAKURO HIGASHIURA

Abstract

The interactive effects of exercise intensity and physical activity level on the brain and
cognition of young adults were investigated using the electromyographic reaction time (EMG-RT),
the P3, and the NoGo P3, as well as the contingent negative variation (CNV) of event-related
brain potentials. Participants (n=26 : 24.0 & 0.7 years) were divided on the basis of their reg-
ular physical activity level into active and inactive groups. Then, they performed a Go/NoGo
reaction time task in the no exercise, control condition ; as well as after light, moderate, and hard
cycling exercises. Results indicated that increases in P3 and NoGo P3 amplitude following moder-
ate exercise were larger in the inactive group, suggesting that inactive individuals were more
sensitive to exercise intensity than active individuals. Active individuals might be better able to
sustain their attention during the Go/NoGo reaction time task, despite the exercise intensity.
These findings are suggestive of a differential effect of exercise intensity on cognitive function
that might be dependent on the level of regular physical activity. The effects of exercise intensity
on EMG-RTs were observed across groups. However, the P3 latency was not affected by exercise
intensity. These contradictory results are possible related to the nature of the cognitive task, such
as its difficulty. Moreover, increases in CNV amplitudes following moderate exercise were larger
than in other exercise conditions across groups, suggesting that motor preparation process is also
facilitated by moderate, acute exercise. These findings provide additional evidence for the benefi-
cial effects of acute aerobic exercise on the brain and cognition of young adults.

(Tpn. ]. Phys. Fitness Sports Med. 2009, 58 : 63~72)
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Table 1. Group means for participant characteristics,
Active Inactive
Age (yrs) 244 £ 1.1 235 + 09
Height (cm)* 1718 + 1.6 176.0 + 1.1
Weight (kg) 70.1 + 14 730 + 88
IPAQ (kcal/day)* 548.1 + 1293 1054 =+ 204
VO, (ml/kg/min)* 504 + 13 463 + 1.1

Values are mean = SE. Significant difference, unpaired Student’s t-test between
groups : *p<0.05.
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Table 2. Mean RPE, HR, and WR for 20 min at each intensity exercise in both groups.
Light Moderate Hard
Active Inactive Active Inactive Active Inactive
RPE value *$ 105 = 02 108 + 03 126 + 02 128 + 0.3 147 + 02 146 £ 03
HR (bpm)" ** 1077 + 3.6 1109 + 28 1235 + 31 1284 + 29 1405 + 29 1461 =+ 33
WR (W) *$ 999 + 58 871 + 53 1220 =+ 65 1126 * 55 1507 = 7.5 1335 =% 6.0

Values are mean *+ SE. Significant difference by Bonferroni post hoc analysis,*p<0.05 : Light vs. Moderate, #p<0.05 :
Light vs. Hard, *p<0.05 : Moderate vs. Hard. No significant interaction involving Group factor was observed.
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Grand Averaged P3Waveforms
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Fig. 1. Grand averaged Go (Pz; left) and NoGo (Cz ; right) ERP waveforms at all
conditions in the active (top ; n=13) and inactive (bottom ; n=13) groups.
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Grand Averaged CNV Waveforms
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Fig. 3. Grand averaged CNV waveforms at all conditions in the active (left ; n=11) and inactive (right;n=11)
groups. The CNV amplitude was defined as the mean value over the time period of 500 ms immediately before S2
(gray zones).
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RTVIENEZOLNS, LoT, KHEIZBWT control), ALELRTFEIOMEIZ EhgTh b2,
bR RiEEE (HEMES) LEBWE (—BME  Hillman 72 5% & Kamijo 725200, RAME KR
B) OMEIERAD P EAICOABDO LNz #E R Er v, ETEEOVEOTH L TLELRFERA
bhs. DIFEEANLEZEROIH, (FHHH) 25—
HEFOXELZIFRTWVWI L 2R L7, NoGo P3
. EfTHEgE B SRS BT A HHIEEE KBS 5 L £ 2 5
#Lﬁﬁ_zwf BT D&\ 2 L 5 AP3 NTWB N1 NoGo LB TIREFHED O
IRIRDZALIE Go L V) b NoGo U THETH EOTHD "ALERTHOWIH, *ETHLEZ
272 (Go ZHTRAEEMEMOA). BHMBEEOM bha. 2F 0, RAFZERHERIE, THHE > RCH
BIEE LB T, —atEs o e, Wk o ZZBEIChPD ST, ETEEES—B%
FICHITEATEF O @) X | EQ% TR e (executive EEHORBYZITRTWETLRBYIEHETLLD

NI | -El ectronic Library Service



The Japanese Soci ety of Physical Fitness and Sport Medicine

EEREE, SRTEYE LA - ANiRAE 71

THb.

D. RICHEmETE

T AF 12 38\ TPl R B O A CNV HRIE 13K e BE
BE), EiREER L) b REDoL CNV IS
DHEMBBRARBT 2 26T 00, &
DEWRT ORIIZIE L Y KE %2 CNVIRIEDSEIE &
NDZEAHMESNTWE ST 53y K
TR I BV TP BB E) A RUTHE i B AR % {8
3, ZOREGERETHE L IIEMRIC EMG-RT
PEMLIZEEZSNL., CNV &I, 7
AT & ST %P3 iEERIE, SUSLELERE A
ST LCVa EEX LTRSS Y, ko
T, KRBV TRO NP REEH RO
EMG-RT DML, FIBEFMERETIIR L, K
ISHER AR OREDNBR L TWb EZE L LDONEY
THb, LPLEDVS, FATHETIE—atkEs %
I P3 I OERESED BN EDRENTEY
22 KRR T 5. Ih o0 RBOME
I2id, BZLHCREDHSEVBHMRL TS EE X
LD, HATHATMEICB N CHREOHS EI2E
HLT#MEESOEELRET L, LU ViIEE
TOHA P FHEOELFRBDOONIZ L2 HE L
2 KRBT B P3 R £9300-350 ms (Go :
315.44+6.2ms, NoGo : 349.8+3.8ms), EITHE
TI3H400 ms & B & S ARTFE D H A . 2 F ),
RO T I LB B 2 B S 2 WERE R W3
A, PRI T A BEEBOZEIE LI
WekEZoNbL, LoT, AEERE, —@#ED
AHEFEE D N E THE SN T E RIS
TR, FUCEMBRICLEELY SR AT L
ERBETAELOTHA.
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FEORL AELOERIZE LT X 0 EEMIcREET
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