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REVIEW

THE ACUTE EFFECTS OF EXERCISE ON
MOOD STATE

ROBERT R. YEUNG

Abstract — This paper documents the recent (1976-1995) literature on the acute mood effects associated with
participation in single sessions of exercise. Issues regarding experimental design, ‘ecological validity’ and
the operational definition of mood are addressed. Results from these studies suggest that both clinical and
nonclinical subjects may benefit acutely from even a single bout of exercise. Finally, possible mechanisms
and recommendations for future research are discussed.
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INTRODUCTION

There has been a tendency in recent years to view exercise as a universal panacea, provid-
ing a wide range of both physical and psychological benefits. Indeed, research has sup-
ported that participation in habitual physical exercise is inversely related to the inci-
dence of cardiovascular disease, as well as having beneficial effects on conditions such
as osteoporosis and diabetes [1]. The psychological benefits of long-term exercise par-
ticipation in both clinical and community subjects are also well documented {2, 3].

Given the considerable health benefits of physical activity, it is worrying that so few
people participate in any regular exercise. A recent study conducted in the United King-
dom established that approximately 70% of men and 80% of women did not engage
in the level of exercise recommended for their age group [4]. These alarming statistics
are not dissimilar from findings in North America and Australia [5-7]. In addition,
approximately 50% of those who begin or renew a program of exercise will drop out
within 6 months to a year regardless of the exercise context, for example, whether a
community exercise class or a cardiopulmonary rehabilitation program [8]. Given these
attrition rates and the fact that people often make repeated attempts to become active
and fail, the problem is not one of persuading people to begin exercising, but encouraging
participants to adhere once a program has begun. For some time now, exercise scien-
tists have posited that an understanding of the acute psychological effects of single
bouts of exercise may be useful in producing exercise protocols that enhance long-
term exercise adherence [9].

This article reviews two decades of research on the acute effects of exercise on mood
and affective states. Previous reviews have tended to focus on factors concomitant with
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habitual exercise participation or have confounded acute and long-term exercise studies.
The present paper addresses not only the alleviation of negative mood states, but also
the enhancement of positive mood. The problem of ecological validity is also discussed:
that much of the research has employed testing protocols that are unrepresentative
of actual exercise experiences has produced results with very limited generalizability.
Finally, directions for further research and tentative conclusions are outlined.

EXPERIMENTAL DESIGN

Before examining the research literature, it is useful to review briefly the importance
of experimental design. Only the true experiment, with random allocation of subjects
to exercise and no-treatment conditions, provides the methodological rigour neces-
sary for strong conclusions [10]. Quasi-experimental designs are characterized by com-
parisons of experimental versus nonequivalent control groups; subjects have often been
allowed to self-select participation in either an exercise or control (e.g., lecture class)
condition. In the event that the exercise group does exhibit significant psychological
change, it is impossible to exclude the alternative hypothesis that the two groups differed
beforehand on some variable such as personality. The absence of a control group in
preexperimental designs introduces a host of possible confounds. For example,
significant pre- to post-exercise change in mood could possibly be attributed to the
passage of time or any other factors, as opposed to exercise per se.

A number of these studies are technically defined as experimental, in that subjects
were randomly assigned to various treatment conditions. For the purposes of this re-
view, however, studies are defined as experimental only if they included a no-treatment
or other control group as well as random assignment. Studies with nonrandom control
groups are defined as quasi-experimental herein.

OVERVIEW OF RESEARCH

A search was conducted in February 1995 on the following computer databases: BIDS,
MEDLINE, and PSYCLIT. Only papers that were published in full in peer review jour-
nals or conference proceedings were accepted. Results from abstracts only were re-
jected on the basis that they did not provide sufficient information regarding their ex-
perimental procedures. It is important to recognize that such a decision might have
led to a publication bias. Unpublished studies may, therefore, yield smaller or non-
significant effects. However, this problem cannot be avoided if only studies with sufficient
detail are to be included.

It was the considered opinion of the author not to include effect sizes in either tables
or discussion. From a theoretical perspective, many of these studies employed multi-
group designs with several exercise and several control conditions. Therefore, it would
be difficult to know which are the relevant comparisons to calculate without produc-
ing a prodigious amount of data. Such a relatively brief paper can allow the reader
to glean no more than a gist of a field of research of this size.

Table I summarizes findings from pre-experimental studies on the effects of single
bouts of exercise on mood in adult samples [9, 11-48]. Table II concerns quasi-experimental
research [49-66], and Table III examines true experiments only [67-89]. For the quasi-
experimental and experimental studies, subject numbers are listed for all exercise as
well as control groups. In a number of articles, the gender or status (student versus



panuuo))

125

paaosduit Z/|

pasoadwit €/7 ‘§1/1 ‘1/1 “T/T

paaoxdunt ¢/
pasoxdwit 9/¢
paroxdut 9/
paroadwit €/2

a8ueyd ou
adueyd ou

paroxdurt 9/¢
uondeIsip
ou 10 mo[ 3uImo[[o}
pasoxdun 9/ ‘uondBISIP
Y31y SuUIMO[|0] PIUISIOMN 9/

Review

pasoaduuy
pasoiduur :A[Uo 0408 PUB %09
PaUdSIOM /T

paaoidut €/¢
Kuo
$192({qns aWIOS Ul PaU3sIOM
paaoduwt ¢/
paaoxduit 9/¢

J[Mpayds 1PV danedaN
puE 193V dA1IS0d
aress
saouatIadxy IS1019XH
aAnRfqng ‘A103UdAU]
3urpag ‘ampayos
193V aAneSoN
pue 1093V 2AnIsod

areog saouatadxy
3s101axg 2ANRIqng
sa)e1§ POOIN JO 2yoid
sajel§ POOI jO 3[yoid
safess andojeue [ensia

IEEEY o)
aAR2(pY 1995V SdBINN

aress andojeue [ensia

sa)e)S POOIN JO 3jyoid

s2181S POON JO 3yold
K10jUdAU] AJDIXUY 381G
K10jUaAU] KIDIXUY RIS
sdunes pajepijeaun

(sisAjeue syudUOdWIOd
redound £q) Apnas-ug
3[eds pajepijeaun

K103u3AU] SUIdd] ISIOIXH
s3181S POON JO 3[yoid

$3SIDISX3 Paxiu

Alem aniw-|

Burpko
guruuni

WHW%S8 Sutuuni
XewIzry A 04,68 Juruuni

153] SUIPAd [ewixew

XEUZOA %08
10 050p) SurpAho

Fuiuunl

Furpko

(4IYH%09
10 040€) SurPAd

XBUTOA %08 10
909 ‘%0p) Suruuni

Suimol aAnadwod
$91q0198
$3S1019X9 paxiwi

WAH%OL BurdAd
Surwuims

syuspnis 81

sinpe Jd pue | is

sjnpe 4 pue W 001
sympe 4 pue W SI
sinpe j pue | €T

sjjape \ 1
Aj1op[d
W L pue sinpe \ 6
sjnpe W 9
synpe pue
sjuapnis J pue W 0SI

syuapnis J 09
L8 74
sinpe N L

sinpe W 11

synpe pue s;uapmIs g L6

sjuaned
snoixue 4 pue W 99
sjuapnis J 9¢
sjuapnis J pue W Zy

[92] ‘e 10 AKWPW

(g Apis)

[sZ] efsuinod
pue L3Ny

(T Apmis)

[sZ] BAoWINOD
pue AnyOWN
[v2] ‘Te 10 goYieW
{€Z] ‘1e 10 1pWORIY
iz7] 1e  reuef

(12] ‘18 32 plPYIeH
[02Z] ‘1e 19 uewssoln

[61] Y10y pue apooD

[81] ‘e 10 wisuyig
[L1] swaa

[91] ‘12 10 [R1IEg
[s1] e
xnognj-sdureyonoq

[p1] ‘12 1 104D
(€1} vospnH
pue uolowe))
[z1] 'Te 1o uetozog
[11] uamQ pue 12812¢g

awodnnQ

syuawnisu] [esidojoydAsd

AIATRY

s109fqng

SI19YOIBIASY

suSisop [eIUsWILIAdXa-31d :SIIPNIS SSIAXI 3INdE JO Alewwing —°f qeL



Review

126

paroxduwr :Kjuo JurpLd

pasoidur £ /7

pasoxdwr £/
parorduit g/g

paaoadunt :sdnois jre
paaoxdug
paroxduny

pasoxdwnt z/1 ‘1/]
pasoadwi /1 ‘1/(

K10judAu] ARIXUY 3IRIS
(paytpow)

§3)RIS POON JO 3[yoid
. (paytpow)

$31B)S POOIN JO 3yold

$31e1§ POOIN JO 3[yoid

K101UdAU] AIDIXUY 97BIS

A101UaAU] A1PIXUY 2)eIS
A1ojuaau] Bujpaayg
A10judAU] uorssaidxyg
123uy Ne1]-21eIS
‘K101UdAU] AJDIXUY IIBIS
J[eOS ssauaremy Aqipog
‘KIojuaAu] £1IXUY RIS
ISI3YD 2A13(pY
POOIN SI{MON ‘A10IU3AU]

Sutures) 1ydom 1o
AHW%OL 3uldhd

153) Y[em [EwWIXEW
XEUZOA % 0L

10 040¢) 3unjfem
Suduep aui| s1q019e

(suonipuod

19[002 10

‘lourem ‘reuriou)
XRWTOA 04 S. Sutuung

XeWZ(yA 04§, Suruuni
Fuip4o
XeWZ () A 0450, Suruung

XRWZYA Op b8 Suruuna

siuapnis Jf pue W 92
syupe f 7

4 [esnedouswisod 1

pue esnedouswaid 1j
4 Ap19ppp 9§

SIUApTIS N 0Z
sHnpe N 61
syuapnis J pue W [/
sinpe W ZI

siinpe J pue W LI

[8€] “1e 3 unSey
(L€] “1e 12 yuoig

[9€] ‘1e 19 yuoug
[s€] ared pue so131g

[p€] "te 19 ofppzznnRg
[€€] s1opue
pue ofjezznnsg

[zel ‘12 15 nyreg

fe1l
SIAB(] PUE Iouuo),QO

{og} “re 12 10UU0D,0

[62] B19quasiny

paaoadunt $1/1 “1/0 ApIxuy jre1]-aeis Sutuuni synpe g1 pue SiimoN
parordurg 9[BIS PIPV [elouan XeWZ()A 040, Suruuni synpe | § [82] ‘'Te 10 AesrnpnOW
paaoadug 9[BOS 109V [eIaUIN) XeWZA 0450, Suruunt synpe W 11 [LZ] ‘e 10 KelinADOW
awoNnQ sjuswnIsu] [es18ojoydAsq KNATIDY s10a(qng SIYOIBISAY

panunuo) —1 3jqeL



127

pasroaduwi 9/
PaUISIOM SNOIXUB MO[
paroxdun :snorxue y3iy
paaoidwt 9/¢ :jueudaiduou
pauasiom 9/¢ yueudaid

Review

paussiom 9/¢
:SuppAd> pue unl [[Iyumop

paaosduwl 7/

paaoxdwit 7/7

pauasiom £/T ‘MO00T
pasoxdull /T *MST

paaoxduir L/
‘pauasiom /T :MO001
paaoidult L/€ MST

paaoxduwt 9/9

panoxdunt 7/2 ‘1/1
pauasiom €/7 1104
paroadunt g/ :jeutiou

$318)S POOJN JO d[yoid

AI0JUdAU] KRIXUY RIS

$3181S POON JO 3Iyo1d

$a181S POO JO 3[yoid
1SUNI3YD ANRIPY

UOIJRAIJORI(J-UONBAIDY
IIPPAYD 24103(pY

UOTIBAIIDRI(J-UONBALIDY
(paytpour)

sa181§ POOIA JO 3yoid

(payipour)
s9]e1§ POON JO 3[yoid

sajel§ poON JO dyoid
ISIPAYD 2A102(PY
UOTIBANORI(]~UONIRAIDY

‘K103U2AU KIBIXUY 31BIS
ISIPIRYD

aanda(py aidninN

Suruunl
Suruuni

1593 dass
XEWZOA %09
SurpAo
10 Buruuni
[[TuUMOp 10 [3A3]

Sunjjem

Funjjem

(MO001
I0 M§T) Burpkd

(M001
10 M6T) Surpko

$J1qolae
WUH%O0L Furpekd

(suonrpuod joy 10
[purIOU) SOTUSYISI[ED

synpe pue s}uapnis [
sjuapnis J pue W 90t

s)npe J jueusdaiduou
9 pue J weudaid o1

sinpe N v
syuapnis J pue W €
sjuapnis J pue W 6
sjuapnis J 7§
syuapnis 4 Ov

4 resnedousunsod (]
pue [esnedouswaid G|
sjuapnis W Of

syuspnIs W 0T

(sv]
‘e 19 uoIFUIUWLIOM

[L¥] poom

(9%] “Te 13 swelim

[sp] “1e 12 sewoy ],
[##] 12 12 19AeYy L
[e¥) 30heyL

[zp] x0D pue 301dalg

[l
uojjog pue 301dag

[1#] 397 pue usaelS

for} "fe 1 niseley

[6€] ‘Te 19 saaddyg



paaosdwit ¢1/¢ :21n399]

paaoxdunt g1z :suods

pasoxdurr 9/ :21mpa9]
paaoadut

1/1 ‘9/§ :s31q0loe

pasoxduit 9,7 :s1ySrom
pasoidu

9/1 :$21qOise pue unI

paaoaduwnt g/¢ :uni

paaoidw 9/¢
paaoaduwn

9/t 8804 pue wims

pauasiom 9/
paroaduur

1/1 ‘9/¢ €304

paaosdur 9/1 :3unuay

paroidun 9,7 :unms

S3[edS dURWRS

K101u0AU] £191XUY )RS
‘$9181S POOIN JO d[goigd

$3181§ POO JO yoid
$31BIS POOIN JO 3[yoid
$3181§ POOIN JO 3[yo1d

$3381S POON JO dyoid
K10juaAu] £1PIXUY 21RIS

‘s31B1S POOIN JO 3[yoid

K10judAu] A10IXUY 3RS
‘Sa1eIS POON JO Iyoid

21n399]

21n309[

2In309]
EILIRE|
I3
21N1991 10 BFOK

21n393[

2In103[ 10 e304

s110ds

sa1qoIde

Suiuren 1ysom 10
$21qoJae 10 Suruung
Suruuni
Surunms

Furuwims

YHN%08<
Sururen SuruwiIms

Sumuay 1o Furmunms

sjuapnis gg

sinpe { 8

sjuapnIs J pue W 0L
SJuapnis J pue | 6

sjuapnis J g/
sjuapnIs J pue W /8

SjuapnIs  pue W 1

sjuspnis J pue N OLI

[85] ‘T8 12 Aopnn
[LS] seAlaz
pue speyayyy

[96] yono1p pue 134q
{ss] yonoip pue 14

[s] “1e 19 198109
[€s] uamQ pue 10810g

[zS] uamQ pue 19812g

[1¢] uamQ pue 1a313g

poaosdwt 9/¢  s31RIS POOI JO 3[yoid 31n109] Surwuims  syoapnis o pue W 001 [0s] usmQ pue 1aS1og
w paaoadwit 9/ $31B1S POOIN JO 3[yold 1521 jo1nb $21qoIoe sjuapnIs 9¢ [6v] zseqeieg
-
& awonnQ awoonQ sjuauInIISuy Ananoy s103(qng SIaYdIeasay
[eot3ojoydAsq jonuo)

128

Sug1sap [eudwIadx3-1send) :SAPNIS SSIDIIXI AJNdE JO Arewrwing —'[] S|qeL



129

paaoaduwi
9/S :pa1d3fas-J|as
pasodwl 9/ :2in03[
paaocidurt 9/4 10409
paaoadwi
9/T %08 Pue %0y
paaoidut :sdnoad [fe
paaosdut
1/1 ‘9/9 :a8essew
paaoidwt g/ :Suud)}
a3ueyd ou
{[{eqionboes pue wims
paroxduwt 9/¢ unit

Review

paaoxduat /7

paaoaduir 9/¢

a8ueyd ou :djeIey
pasoidwit 9/7 :S1y3om
paaoidunt 9/ uni

pasroadwy 9/¢
pasoidut 9/7 :31n323|
paaoidut

v1/v ‘9/ sd1qo1oe

AIOJUdAU] A1DIXUY IeIS

‘sajeI§ pPOO Jo Ijyoid
K101U2AU] K1IDIXUY d)BIS

A10JUdAU] KIDIXUY 3)8IS
‘saJ1e1§ POOIN JO 3[yoid

ISI{93YD 3AN23(pY
UOTIRAIIOBI(J-UOLIBAIDY

$31BIS POOIA JO Iyoid

$3)81g POOIN JO 3[yoId

$3181g POOA JO 3yoid
BIN3YD

3AN3(PY SHMON

‘s31e)S POOIN JO dyold

2In109]
youn| unyea

1sa1 J21nb
10 a3essewt

yoeus Iegns

21n303]

21N)29]

NIom [eduad

2In393]

(paroayas-jos
10 JHIN%08 10

%09 ‘%0p) sdiqolae
sa1qolae 10 uruuni

SIuud)
10 [jeqianboer 10
Sutwuims 10 Suruung

Sunyrem
$21q0JoE
Jjeley 10 Sunyy

131om 10 Suruuni

JAH%08-09
$1QOIdE

so1qoIae

syuapnIs 4 €71
s)npe J pue W Tv

syuapnis J pue W 6LT
sjuapnis f pue N 81

suapnIs 1]

sjuapnmis gL

sHnpe 4 66

sinpe 9

[99] ‘1€ 15 sealdz
(591 "1e 10 uospm

[¥9] *[e 12 S1aquiam

(£9] 1oy

[z9]
13315¢ pue UBWUIIN

[19] ‘Te 12 uemoDOIW
{09] seardz
pue spye[noIey

l6$]
13504 pue ueunydI|



(31npasoad
Sunpur-Ljoxue
8uimoqoy) pasordur

paroidur ¢/
pasoaduy

Review

3[eds pajepijeaun
$31e1S POOIN JO 3yoid

QsI¥AYD dAndRpY
PPV Irduny

ISIIXI-0U

9S1DIIX9-0U

Suipho

AHW%08-09
solqoloe

(MYH%09

sjuapnis 4 Op

sjuspnis g 81

[9L] wundayag
pue opoun

[s] sswjoy

:A[U0 YYH%09 K10judAu] £1p1XUY RIS 1521 j121nb 10 040€) Buroko SJUAPNIS 7  OIBIdBA pue SI[94
(pa109)95-j13s
10 XPUZOA 04508
38uey> ou $31e1S POOA JO dyoid 1521 12Inb 10 04(9) Suruuni sijnpe J pue | 9 [€L] “1e 3 onreg
sjnpe
(payrpour) pue sjuspnjs
paaoxdunt /1 SSAIIS POORA JO dfyolid 1831 19mb  YHW%0L-S9 Suruunig g pue | ¢S [zL] 'Te 19 Sumyg
(21anpasoid
Sudnpui-£jarxue ue
Sumofjoy) pasoidwr 3S12I9X3-0U sjuapnis [1£] afpzo1n
IXB[3l pue sd1qoide AI01udAU] £1R1XUY 31RIS 10 uorexefar $31qoIae 4 pue W\ <8 pue I3Y501)
sjuapnjs pajqesip
pasoidun :sdnoid yloq Alojudau] £RIXUY 31BIS 1531 19mb Suruuni 1o Suipkd A pue W 01 [0L] 1e 12 umoig
slauunt S3181S POOIA JO dyoid sjjnpe pue [69] siopue
1oj A[uo pasosduwir [/]  ‘A10jUdAU] KIBIXUY 3jRIS Suipear  YHIN%S8-08 Suruuni s1uapnIs N O pue Jayojnog
paaoxdunt 9/¢ dnoid uoissnasip sjuapnis
‘uonjexepd pue uni SIS POOJN JO 3[yoid Jo uonexe[dl  YHW%O08-S9 Suruuni A pue W 08¢ [89] 'Te 15 10810g
1801 1010b [L9] ueSiop
pasorduwnr :sdnoid e Alojusau] K12IXUy 2jeIg 10 uonexepals XEWZ()A 0450, Furuuni s)npe W sL pue ayIlyeq
awoMNnQO sjudwInIIsuy ANANOY [onuo) ANAIDY spalqng SI9YOIRASIY
[estdojoydAsq

130

u31sop [eIuswIadXY 1SAPNIS ISIDIXD JNIE JO AreWWING — *[[] J[QEL



131

paroadut

L/T %0L PU® %0S
paroadunt

Z/1 ‘uonexejl
pasoxdun /7 jrem
poaocadwt 9/7
s8ueyd ou

a3ueyo ou

Review

paaoidur :s109{qns [[e

paaoxduut

parosdui :sdnoid yroq
paaodui

agueyd ou

a8ueyd ou

adueyo ou

pasoaduit /1 ‘9/§

(poyipow)
$a1B1S POOIN JO d[yoid

ISIPIP3YD 2A193(PY
UOIIBAIIOBI(J-UOHRAIDY

sajelS POON JO dpyold
ISIP{OaYD 2ANRIPY
PPV ddnm

sa1e1§ POOIN JO 3jgo1d

AIOJUAU] APRIXUY I1BIS

AIOIUDAU] ARIXUY 318G
AIOJUDAU] ARIXUY 31BIS

K101U2AU] ARIXUY RIS
afeds
uoissaida@ dineLD
AJIOJUSAUJ 21U
[21e353y UOIIPPV
JnpaYds
199V 2AneSIN
puR 1095V dANISO]
AIOJUDAUT ARIXUY )RS
‘sajels pooN Jo dgoid

(mo01) Burpho

uomnexe[ai
1521 1_IMb
3s31 Jomb

1521 939mb

1s21 1omb

jsa1 1omb
1531 32Inb
as1213%3-0U
1531 19Inb

sl dAINuS00

1521 j3omb

1531 121nb

¥EUZOA %0L
10 940¢) BurpPAd

Sunjem
AHIN%LY-%LS

BuIpAid
YYH%OL Buljosd

¥EWIOA %08
10 0/06) SuIpAd

S3SID19X9 PIXIW

$ISIOI9Xa paxIwt
Xewgy A 06/ Sutuuns
Sururen jy3rom
$31qoJoe

(**UTOA%0L
10 04,6S “04Gp) SUIPAd
WAH%OL Sulp4d

XeWI() A 0L Bupy[em

synpe W 2L

SIUAPNIS €6
sjuapnIs
d pue N 08

sinpe A 8y

sinpe W I
synpe W
JAISULIDAAY
S1 pue

JAlsuIoULIOU G
snnpe W 1
sjuapnis | 91
sjuopnis J v
Ay1appe

g pue W ST
sinpe W Z1
sjuapnis J 08

sinpe 4 6
pue sorwinng 4 6

[68] 'Te 10 d03daIS

s8]
e 32 Msjopies

(8] wod
(98] "[e 12 pisafy
[s8] ‘e 12 Misafoy

[p8) uedio
pue urdey

(1 Apnis)

(e8] uediow
pue uidey

[z8] oldzznned
pue 10uu0),Q

(18l
‘e 19 Jouuo)d,0

(o8] ‘12 10 LOTION
i6L)
‘1e 19 UBMODIIN

{8L] vysafoy
pue uosqoH

(LL] J0UUOD,0
pue I15zZe|D



132 Review

adult) of subjects was not reported. Otherwise, gender, status and any other distin-
guishing characteristics of subjects are included. Regarding outcomes, where the psy-
chological instrument included two or more subscales (or more than one instrument
was used), a fraction is given denoting the proportion of subscales that evinced sig-
nificant change. Unless otherwise indicated, change in mood for the exercise group
is significantly greater than for the control group(s) at the 0.05 level. Where significant
changes occur in more than one group, these are reported individually.

It should be immediately apparent that a substantial number of these studies used
student samples, and students tend to differ from the general population in terms of
both fitness and cognitive factors, thereby limiting the generalizability of the results.
A further limitation is that the quasi- and pre-experimental designs have been favoured
by the greater proportion of researchers. Many of the control conditions have also
been of dubious relevance. It is difficult to see how a comparison of exercise with,
for example, lecture class or lunch eating groups can provide a stringent test of whether
exercise has acute psychological benefits per se. That many studies used small sample
sizes also leads to some question over the reliability of their resuits. One of the most
troublesome problems relates to the demand characteristics of exercise testing. It is
universally agreed that a double-blind trial provides the best test of the effects of any
treatment, such as a drug, on psychological states. In exercise situations, it would be
reasonable to employ persons who are blind to the hypotheses under test to provide
the treatments. It is virtually impossible, however, to give self-report mood question-
naires to subjects who are unaware of the purported effects of exercise.

Table IV presents a summary of results from the reviewed studies, comparing out-
come by design. Positive outcomes are defined as those that produced enhanced mood
for at least some of the exercise conditions, with no detrimental effects for any sub-
jects; the converse is true for those defined as negative outcomes. Notwithstanding
the aforementioned methodological problems, the research literature does generally
support the widespread belief that there are acute effects of exercise on mood. Over
85% of these studies found at least some degree of improved mood, that is, the results
were either positive or mixed, on a wide variety of measures following exercise, despite
a diversity of exercise modes, durations and intensities. Exercise is also more effective
than no-treatment for the reduction of elevated anxiety induced by laboratory-based
procedures [71, 76]. Exercise may therefore be a useful short-term strategy for alleviat-
ing psychological distress. In general, the mood effects of exercise occur irrespective
of either gender or age. Reports of enhanced mood were found for both men and women;
young students and middle-aged adults as well as older and elderly subjects benefitted
as well. Neither does physical disability preclude the experience of mood enhancement
following exercise [70]. One group that may experience mood disturbances following
exercise deserves mention: in pregnant women, exercise becomes increasingly less toler-
able as pregnancy advances [46]. Several of the studies reporting worsened mood states
(negative or mixed results) employed either competitive or training intensities of exer-
cise [15, 52] or unusual conditions such as cognitive tasks or a heated environment
during exercise [18, 39].

Reduction of negative mood states seems to accompany most forms of aerobic exer-
cise as well as anaerobic exercise such as weight lifting and yoga. However, few studies
have evaluated the two modalities under carefully controlled conditions. The only study
to randomly assign subjects to cycle ergometry or weight training conditions found
a reduction in state anxiety only for the cycling group [38].
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Table IV. —Summary of results: Outcome by design

Results by Study

Total Number

of Studies Positive Negative Mixed No change
Pre-experimental 40 29 3 6 2
Quasi-experimental 18 15 1 2 0
Experimental 23 17 0 0 6

The research has not systematically investigated the impact of different exercise du-
rations. One of the few studies to do so that included a random assignment protocol
found no effects at all after 10, 25 or 40 minutes of exercise [78]. Less strictly con-
trolled studies by Thayer and associates, however, have indicated that brisk walks of
only 10 minutes in duration are sufficient to enhance energy and reduce tension (43,
44, 63]; exercise durations in excess of an hour can also produce mood benefits [24].
Due to the lack of evidence from adequately controlled research, however, it is cur-
rently premature to stipulate an optimal or even minimal duration for the accrual of
psychological benefits from exercise.

The literature is also unresolved as to the impact of intensity on mood states. Step-
toe and associates found that low intensity exercise (25W) produced modest improve-
ments in mood as measured by the Profile of Mood States (POMS), while high inten-
sity exercise (100W) actually increased negative mood states [9, 42]. Other work has
observed that only moderate and high intensity exercise (60% and 80%VO;max) re-
duced anxiety, with no effect at 40%VO,max [16]. Similarly, Felts and Vaccaro observed
a significant decrease in state anxiety only after cycling at an intensity of 60% of heart
rate reserve (HRR), but not following 30%HRR or a period of quiet rest [74]. Yet
other researchers have not found any effect of intensity on mood states {17, 36, 89].
Despite the use of properly controlled designs in all of these studies, there can be no
resolution as to the effects of intensity. The problem may lie in the various definitions
of intensity that have been used, including power wattages, and percentages of maxi-
mal heart rate (MHR), heart rate reserve, or maximal aerobic capacity (VO,max). Ex-
ercise physiologists acknowledge that the correspondence between, for example,
70%MHR and 70%VO,max may be poor [90]. The lack of consistency in quantifica-
tion of intensity prevents any real comparison of results between studies. From the
disparate studies, however, one might tentatively suggest that neither very high nor
very low intensities of exercise seem optimal for the accrual of psychological benefits.
It is also interesting to note that when Zervas et al. [66] compared low, moderate and
high exercise intensities with a group that were allowed to exercise at an intensity of
their own choosing, the greatest number of improvements across POMS subscales oc-
curred in the self-selecting group. This result is reminiscent of flow theory, which states
that “flow” — a pleasurable state of consciousness—can only be achieved when an in-
dividual’s competencies are realistically matched against the challenges of the task at
hand [91, 92]. When demand is perceived to exceed ability, anxiety and frustration
are likely outcomes; on the other hand, boredom may result when the task is not
demanding enough. One might speculate that a similar state of affairs is necessary
for optimal exercise-induced mood benefits [92]. While some subjects may find the
physical discomfort of high intensity exercise distressing, other subjects may enjoy the
feeling of tiredness from a ‘good workout’. In support of this notion, several studies
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observed greater mood effects only for fitter or more active subjects [S5, 69], and one
study found greater mood enhancement for subjects who categorized themselves as
active [32]. It is plausible that individuals who are more accustomed to the sensations
of exercise will be more readily able to exercise comfortably at higher intensities. How-
ever, the greater proportion have failed to find differences between more or less fit or
active volunteers [23, 42, 74, 87, 89].

Only a minority of studies have assessed mood at multiple time points after exer-
cise. Exercise-enhanced mood generally persists for 3 to 4 hours post-exercise [55, 84],
although certain effects may persist for as long as 24 hours after a single bout of exer-
cise. Maroulakis and Zervas [60] administered the Profile of Mood States to a group
of exercising females 10 minutes before, immediately after, and 24 hours after a single
aerobics class; a convenient group of nonexercising women acted as a control. Im-
mediately post-exercise, the exercise group reported highly significant improvements
on all six subscales of the POMS (p values were less than 0.001). The control group
reported basically unaltered mood states. One day later, the aerobics group exhibited
scores for anger and total mood disturbance that were still significantly lower than
at pre-exercise. However, it is important to recall that this was a quasi-experimental
study; the effects on mood over time may not be so readily apparent when persons
not predisposed in such a way to exercise are examined.

There has been a dearth of studies on the effects of acute exercise in clinical samples.
This is perhaps surprising, given the efficacy of exercise for mood enhancement in non-
clinical subjects. It is also unfortunate that the few clinical studies have tended to be
quasi- or pre-experimental in nature. Nonetheless, these preliminary findings are, in
the main, encouraging. For example, both hypertensive and normotensive subjects ex-
perience exercise mood effects [83). There has been some debate as to the suitability
of exercise for patients with anxiety disorders. Cameron and Hudson ascertained that
31% of patients with diagnosed panic disorder retrospectively reported experiencing
increased anxiety during exercise [13]. Another study observed that students scoring
high on state anxiety prior to exercise became less anxious, whereas those scoring be-
low the mean actually became more anxious [47]. An experimental trial is needed to
elucidate the impact of exercise on anxious subjects. Anecdotal experience has led cer-
tain researchers to suggest that patients with bulimia nervosa may be using exercise
as another means of weight control, along with vomiting and the use of laxatives [94].
On the other hand, bulimics might be using exercise as a strategy for reducing the dis-
tress associated with their disorder [95]. The acute exercise study by Glazer and O’Con-
nor found that bulimics experienced greater improvements in POMS mood states than
did a group of nonbulimic controls [77]. Exercise may therefore be a useful adjunct
in the treatment of bulimia nervosa.

METHODOLOGICAL CONSIDERATIONS

In addition to the problems that have already been discussed — poor experimental
design and an over-reliance on student samples —there are several more concerns that
require comment.

A number of the investigations that failed to find acute mood benefits did not con-
sider mood as their primary outcome variable. Many of these were directed at the ex-
amination of the psychophysiological response to cognitive stressors following exer-
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cise [78, 79, 85, 86]. In the typical psychophysiological stressor paradigm, subjects
are asked to complete a mood questionnaire following exercise, but prior to a stressor
such as a Stroop or public-speaking task. In the real world, exercisers are unlikely to
have to contend with a stressful task immediately after their usual exercise routines.
Therefore, the ‘ecologically invalid’ nature of the testing situation is unlikely to en-
gender psychological changes that are representative of the norm. It is encouraging,
however, that researchers are beginning to study exercise-induced mood changes in
more naturalistic settings. For example, subjects are increasingly being studied in en-
vironments outside of the exercise laboratory [43, 44, 82]. Considering only the true
experiments, it is notable that the studies employing stressor paradigms account for
4 of the 6 results that exhibited no change post-exercise. In other words, 17 of 19 eco-
logically valid, experimental studies supported some degree of affective change fol-
lowing exercise.

A further concern relates to the instruments used to tap mood. The Profile of Mood
States and the state anxiety scale of the State-Trait Anxiety Inventory have been adopted
in the majority of studies. The original POMS comprises 6 subscales: tension, confu-
sion, anger, depression, vigour and fatigue [96]. State anxiety is defined as an undesirable
mood state [97]. Thus, the POMS is heavily skewed towards the assessment of nega-
tive mood states, with only one positive as opposed to five negative subscales; the STAI
measures negative mood only. In contrast, recent conceptualizations of mood place
equal emphasis on both the positive and negative dimensions of affect [98, 99]. Stated
otherwise, psychological well-being is characterized by more than simply the absence
of distress. In practical terms, the POMS and STAI may be prone to floor effects in
normal populations. More theoretically, these arguments imply that the POMS and
STAI do not adequately sample the full range of affective experience. Due to such con-
cerns, researchers have begun to develop inventories specifically designed to measure
the affective changes that may occur during exercise [12, 25].

MECHANISMS

Both physiological and psychological explanations have been suggested to account
for the mood enhancing effects of exercise. Of the biological theories, the most atten-
tion has been given to the action of endorphins within the central nervous system [100,
101]. Numerous studies have shown that plasma levels of endorphins are elevated fol-
lowing exercise [20, 24, 27, 102], but attempts to correlate endorphin levels with changes
in mood by these researchers have generally failed. In addition, administration of the
endorphin antagonist naloxone does not completely reverse the mood-enhancing effects
of exercise [22]. While the endorphin hypothesis has an intuitive appeal, the evidence
does not support it. On the other hand, Thoren et al. [101] warn that methodological
problems may account for the lack of significant results. For instance, plasma endor-
phin levels may not correlate well with concentrations in the central nervous system
(CNS). Unfortunately, assessment of endorphin levels in the human CNS is a highly
invasive procedure and would in itself cause affective and biological changes.

The thermogenic hypothesis of exercise proposed that an elevation of body temper-
ature is responsible for subjectively increased mood following exercise [83, 103]. Two
studies have directly tested the hypothesis. The first, by Reeves et al. [39] measured
body temperature in exercising subjects wearing either insulating or noninsulating cloth-
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ing (the experimental and control groups, respectively). Subjects in the control group
experienced no change in either core body temperature or anxiety. Body temperature
in the experimental group rose significantly, which was accompanied by a significant
increase in anxiety. Similarly, Petruzzello et al. [34] compared subjects running on a
treadmill in Warmer, Cooler, and Normal temperature conditions, finding that increases
in temperature were highly correlated with increases in anxiety; the anxiolytic effects
of exercise became apparent only when body temperature cooled. While these certainly
seem to refute the thermogenic hypothesis, Petruzzello et al. caution that post-exercise
anxiety reduction could possibly be linked to brain, rather than core body, tempera-
ture. If so, it may not be feasible to test the thermogenic hypothesis.

The distraction hypothesis maintains that it is not a specific action of exercise as
such that enhances mood, but rather the respite or ‘time out’ that it provides from
worrisome thoughts and daily stressors {67, 83]. Bahrke and Morgan [67] randomly
assigned 75 adult men to exercise, meditation, and no-treatment control conditions.
The exercise group walked at 70%MHR, the meditation group practised Benson’s relax-
atjion procedure, and the control group rested quietly in a reclining chair. After 20
minutes of each treatment, all three groups evinced significant and equal reductions
in state anxiety. A number of experimental studies have also supported the distraction
hypothesis in that exercise was no more effective than an equivalent period of quiet
rest or relaxation in reducing anxiety and tension [68, 70, 74, 77]. Goode and Roth
[19] examined the pattern of cognitions characteristic of runners’ thoughts during ex-
ercise, finding small but significant correlations between a tendency to engage in nonas-
sociative thoughts, for example, about the external surroundings, and enhanced vigour
post-exercise. This certainly indicates that cognitive factors are important during exer-
cise. A study by Fillingim et al. [18], however, provides evidence that distraction alone
is insufficient for mood benefits from exercise. Subjects were randomly assigned to
exercise under one of three distraction conditions. One group performed a highly
demanding cognitive task, while another performed a less demanding task. A third
group exercised without additional intervention as a control. While both the low de-
mand and control groups experienced reduced POMS tension, the high demand group
reported increased tension, contrary to the distraction hypothesis. The earlier discus-
sion regarding the assessment of both positive and negative aspects of mood may also
clarify the distraction hypothesis. Using the Activation-Deactivation Adjective Check-
list, Saklofske et al. [88] compared the effects of walking and relaxation. Both treat-
ments resulted in reduced perceptions of tension, but the walking group also expressed
an increase in subjective energy. Thus, although exercise may be only equivalent to
relaxation for the reduction of negative mood states, it may be superior for the en-
hancement of positive mood.

The mastery hypothesis states that the completion of an important and effortful
task brings about a sense of mastery or achievement, thereby improving mood [104].
This bears a striking similarity to Bandura’s theory of self-efficacy [105]). Bozoian et
al. [12] demonstrated that more efficacious females, that is, those who perceived them-
selves as being more capable of exercising for a specified duration, experienced a greater
sense of revitalization post-exercise than did the less efficacious subjects. However,
researchers have yet to examine whether subjects experience an immediate increase
in self-efficacy itself.
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It has been suggested that subjects report elevated mood following exercise only
because they have been influenced by expectancies or demand characteristics of the
experimental situation. Certainly, it would be impossible to discount this theory in
the majority of this field of research. However, Steptoe and associates conducted two
studies in which a cover story was used to conceal the true aim of the experiments
[9, 42]. Debriefing verified that subjects had been completely deceived by the cover
story, but in both cases, significant mood benefits were still observed.

RECOMMENDATIONS FOR FUTURE RESEARCH

Study of the acute mood benefits of exercise may aid the development of exercise
routines designed to improve adherence. It is thus surprising that no attempts have
been made to establish a relationship between the acute mood benefits of exercise and
subsequent exercise adherence. Research in this direction is strongly advocated.

Replication of several key findings is also necessary. Only one study to date has found
elevated mood for more than several hours after exercise [60]. Direct comparisons of
aerobic and anaerobic modalities under experimental conditions would also be advan-
tageous; the inclusion of instruments other than the STAI in such a test would also
be of benefit. Clinically, the impact of exercise on anxiety levels in patients with diag-
nosed anxiety disorders merits further investigation. The only studies to be conducted
in this population have been either retrospective in nature or used subjects without
diagnosed disorders [13, 47].

As already mentioned, there may be no duration and intensity of exercise that is
optimal for all exercisers —they may interact to produce acute mood benefits. There
may be other important factors such as the fitness level of the exerciser, as well as his
or her body mass index. For example, more overweight subjects perspire more heavily
during exercise, which may cause greater discomfort for them than for their leaner
counterparts. Dispositional factors are known to influence the extent to which individ-
uals experience positive and negative moods [106, 107]. However, the role of personal-
ity traits in the determination of acute responses to exercise have been neglected. Clearly,
future research should examine these factors in relation to the preferences of individuals.

A related topic of interest is the determination of a critical threshold for the accrual
of psychological benefits. This is an important consideration for the prescription of
exercise in populations who may be restricted with regard to the intensity or duration
at which they are able to exercise. For instance, cardiopulmonary rehabilitation pa-
tients and the elderly may initially be unable to engage in more than short bursts of
low intensity exercise. It is currently unknown whether such exercise would lead to
appreciable mood effects. Meta-analytic results have not indicated a minimum dura-
tion or intensity for the anxiolytic effects of exercise to occur [108].

The mechanisms through which exercise influences psychological states need clarifica-
tion. While the evidence reviewed suggests that exercise may be as effective as relaxa-
tion or quiet rest for the alleviation of negative mood states, further research using
controlled experimental protocols is needed to determine whether exercise is more effec-
tive for the promotion of positive moods. Regarding the mastery hypothesis, it would
be of interest to see whether post-exercise enhancement of self-efficacy correlates with
the degree of affective change.
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CONCLUSIONS

Overall, the findings must be tempered by an awareness of the methodological limi-
tations inherent in the acute exercise literature. INevertheless, there is strong support
for the existence of acute mood benefits derived from a single bout of exercise. This
suggests that exercise may be a valuable short-term strategy for the self-regulation of
mood in both distressed and normal subjects.

Little is known about the specific factors that may contribute to these mood effects.
Parameters such as duration, intensity and mode of exercise have not been investigated
systematically. With regard to the mechanisms proposed to mediate these effects, the
role of endorphins, distraction and self-efficacy cannot be discounted. In all likelihood,
both physiological and psychological factors are implicated.
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