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Abstract	
Objective.	The	objective	of	 this	narrative	 review	 is	 to	examine	 longitudinal	data	pointing	 to	 the	efficacy	of	
adequate	 daily	 physical	 activity	 in	 the	 prevention	 of	 obesity.	 Methods.	 Information	 obtained	 from	
Ovid/Medline,	Pub-Med	and	Google	Scholar	through	to	April	2019	has	been	supplemented	by	a	search	of	the	
author's	 extensive	 personal	 files.	 Results.	 Babies	 that	 have	 a	 high	 level	 of	 spontaneous	 physical	 activity	
generally	accumulate	 less	body	 fat	 than	 their	peers	over	 the	 first	 few	years	of	 life.	 	However,	 there	 is	 little	
evidence	 of	 a	 favourable	 response	 to	 supplementary	 exercise	 programmes	 in	 pre-school	 children,	 perhaps	
because	of	practical	difficulties	 in	augmenting	habitual	physical	activity	 in	 this	age	group.	Summer	"obesity	
camps"	for	older	children	usually	induce	a	substantial	immediate	decrease	of	both	body	mass	and	tissue	fat	
stores,	 but	 it	 is	 unclear	 how	 far	 this	 reflects	 dietary	 restrictions	 at	 the	 camp	 rather	 than	 an	 increase	 of	
physical	activity	in	this	environment.	Five	of	8	uncontrolled	longitudinal	studies	of	children	and	adolescents	
with	subjective	assessments	of	habitual	physical	activity	found	no	beneficial	changes	of	body	composition	in	
individuals	who	were	physically	more	active,	as	opposed	to	3	positive	reports	(one	of	these	seeing	benefits	in	
girls	only).	However,	perhaps	because	more	accurate	categorization	of	exercise	 levels	was	possible,	benefit	
was	demonstrated	in	8	of	10	trials	of	children	with	objective	assessments	of	habitual	physical	activity.	Fifteen	
of	 26	 trials	 of	 children	 and	 adolescents	 with	 group	 programme	 assignment	 also	 found	 a	 better	 body	
composition	in	those	assigned	to	groups	that	were	more	physically	active,	although	participants	in	9	of	these	
15	trials	were	given	not	only	an	increase	of	physical	activity,	but	also	dietary	advice	and/or	a	restriction	of	
food	 intake.	 	 Cohort	 studies	 in	 adults	 have	 found	 fairly	 consistently	 that	 regular	 physical	 activity	 reduces	
obesity	or	prevents	the	increase	of	body	fat	content	usually	associated	with	aging;	benefit	was	seen	in	14	of	
17	studies	of	young	adults,	and	20	of	21	groups	of	middle-aged	and	older	individuals.	The	portion	of	the	day	
allocated	to	sedentary	behaviour	has	also	been	associated	with	the	development	of	obesity	in	4	of	6	studies	in	
children,	and	10	of	13	trials	in	adults.	Likewise,	the	transition	from	physically	active	hunting	and	gathering	to	
an	 "urban"	 lifestyle	 has	 been	 associated	 with	 an	 accumulation	 of	 body	 fat	 in	 arctic	 Inuit.	 In	 children,	
randomized	 controlled	 trials	 have	 shown	 beneficial	 changes	 in	 body	 composition	 from	 interventions	 only	
when	 the	 intervention	 has	 been	 effective	 in	 achieving	 a	 substantial	 increase	 of	 daily	 physical	 activity.	
However	27	of	31	controlled	studies	of	adults	have	demonstrated	a	reduction	of	body	fat	content	in	response	
to	 a	 variety	 of	 exercise	 initiatives.	 It	 is	more	 difficult	 to	 assign	 a	 vigorous	 exercise	 programme	 to	 the	 frail	
elderly,	 and	 in	 this	 age	 group	 there	 has	 as	 yet	 been	 little	 study	 of	 the	 potential	 to	 reduce	 body	 fat	 by	 an	
increase	 in	 physical	 activity,	 although	 this	 would	 confer	 obvious	 functional	 benefit	 on	 those	 with	 limited	
muscle	 strength.	Conclusions.	 Both	 in	 children	 and	 in	 adults,	 the	 bulk	 of	 prospective	 and	 controlled	 trials	
point	to	the	efficacy	of	adequate	volumes	of	regular	exercise	in	both	the	prevention	and	the	control	of	obesity.	
But	 as	 with	 initiatives	 based	 on	 rigorous	 dieting,	 the	 challenge	 to	 health	 professionals	 is	 to	 sustain	 the	
enthusiasm	 of	 clients	 over	 a	 sufficient	 period	 for	 a	 programme	 to	 take	 effect	 and	 to	 become	 a	 part	 of	 the	
individual's	normal	lifestyle.	Health	&	Fitness	Journal	of	Canada	2019;12(3):3-92.	
https://doi.org/10.14288/hfjc.v12i3.278		
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Introduction	
Nutritionists	 have	 sometimes	 argued	

against	 the	 efficacy	 of	 regular	 physical	
activity	in	the	prevention	and	treatment	of	
obesity,	 pointing	 to	 what	 they	 regard	 as	
the	 large	 energy	 expenditures	 needed	 to	
metabolize	 excess	 body	 fat,	 to	 the	
supposed	 immediate	 stimulation	 of	
appetite	 by	 a	 bout	 of	 exercise,	 and	 to	 the	
compensatory	 reduction	 of	 resting	
metabolic	 rate	 that	 is	 commonly	 induced	
by	 a	negative	 energy	balance.	However,	 a	
detailed	 review	 of	 such	 fears	 has	 shown	
that	 they	 are	 overstated	 (Shephard,	
2019a).	Moreover,	 the	 literature	 contains	
consistent	 reports	 of	 substantial	 cross-
sectional	 associations	 between	 regular	
engagement	 in	 vigorous	 physical	 activity	
and	 a	 low	 body	 fat	 content	 (Shephard,	
2019b).	 Nevertheless,	 the	 interpretation	
of	 cross-sectional	 data	 is	 always	 difficult,	
and	 it	 could	 be	 argued	 that	 the	 observed	
associations	 reflect	 either	 a	 genetic	
predisposition	 of	 physically	 active	
individuals	 to	 a	 slim	 body	 build,	 or	 an	
association	 between	 an	 interest	 in	
exercise	 and	 the	 adoption	 of	 an	 overall	
healthy	 lifestyle,	 rather	 than	 a	 specific	
beneficial	effect	of	exercise.	Further,	there	
might	 be	 some	 tendency	 to	 reverse	
causation,	 with	 an	 obese	 body	 build	
discouraging	 a	 person	 from	 participating	
in	 an	 adequate	 daily	 volume	 of	 physical	
activity.		
More	convincing	proof	of	the	efficacy	of	

physical	activity	as	a	means	of	preventing	
obesity	 requires	 the	 mounting	 of	
longitudinal	 studies,	 preferably	 randomly	
controlled	 experiments,	 where	 large	
populations	 are	 distributed	 between	 a	
control	 group	 and	 a	 group	 who	 agree	 to	
participate	conscientiously	and	effectively	
in	a	long-term	exercise	programme.	There	
are	now	quite	a	few	instances	where	such	
investigations	 have	 been	 attempted,	 both	

in	 children	 and	 in	 adults,	 but	
unfortunately	 it	 remains	 notoriously	
difficult	to	persuade	the	average	person	to	
persist	 with	 random	 assignment	 to	
vigorous	 exercise	 or	 a	 homeopathic	
control	programme	on	the	necessary	long-
term	 basis.	 One	 alternative	 is	 to	 look	
longitudinally	 at	 the	 changes	 in	 body	
composition	 induced	 by	 non-randomized	
trials	 of	 regular	 physical	 activity	 and	
sedentary	 behaviour.	 The	 present	
narrative	 review	 collects	 and	 evaluates	
not	only	randomized	controlled	trials,	but	
also	 evidence	 garnered	 from	 these	
alternative	sources	of	information.		
Studies	 of	 infants,	 pre-schoolers,	 older	

children,	 adolescents,	 young	 adults,	 and	
middle-aged	 and	 older	 people	 have	 all	
examined	 possible	 associations	 between	
an	 increase	 of	 habitual	 physical	 activity	
and	 a	 prevention	 of	 the	 commonly-
observed	 age-related	 increase	 in	 body	 fat	
content.	 Some	 investigators	 have	 found	
protection	 even	 from	 quite	 modest	
volumes	 of	 regular	 leisure	 activity,	
although	 benefits	 have	 at	 times	 been	
relatively	 small,	 and	 sometimes	 have	 had	
neither	clinical	nor	statistical	significance.	
Moreover,	 (perhaps	 in	 part	 because	 few	
workers	 are	 now	 employed	 in	 physically	
heavy	 jobs),	 benefits	 have	 been	
established	 less	 clearly	 for	 vigorous	
occupational	 and	 domestic	 activity	 than	
for	participation	in	active	leisure	pursuits.	
In	many	instances,	the	chosen	criterion	of	
efficacy	has	been	a	decrease	in	body	mass	
or	 body	 mass	 index	 (BMI),	 and	 in	 such	
instances	 the	practical	 significance	of	 any	
reported	 difference	 from	 the	 control	
group	 is	 increased,	 because	 active	
individuals	 have	 usually	 increased	 their	
lean	mass	at	the	same	time	that	they	have	
reduced	their	fat	mass.	
Information	 is	 also	 examined	

concerning	 the	 changes	 of	 body	
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composition	 that	have	occurred	 in	people	
who	 have	 progressively	 adopted	 a	
sedentary	 lifestyle.	 One	 particular	
example	 of	 this	 trend	 is	 found	 among	
indigenous	 populations,	where	 increasing	
contact	with	modern	 society	 has	 brought	
about	 substantial	 and	 well-documented	
decreases	 in	 habitual	 physical	 activity,	
typically	 accompanied	 by	 an	 increase	 in	
body	 fat	 content.	 Finally,	 available	
randomized	controlled	trials	are	described	
for	subjects	of	all	ages.	
	

Longitudinal	studies	of	physical	activity	
and	 body	 composition	 in	 in	 infants	 and	
pre-school	children	
Spontaneous	 activity	 patterns	 in	

cohorts	of	infants	and	pre-school	students	
have	 often	 been	 followed	 without	 any	
specific	 intervention,	 in	 order	 to	
determine	 how	 far	 the	 spontaneously	
chosen	 movement	 patterns	 of	 the	 child	
correlate	 with	 the	 subsequent	
development	 of	 obesity.	 In	 other	
instances,	 controlled	 studies	 have	
attempted	 (with	 varying	 success)	 to	
increase	 the	 physical	 activity	 pursued	 by	
subjects	 enrolled	 in	 the	 intervention	 arm	
of	 experimental	 nursery,	 pre-school	 and	
kindergarten	 classes.	 A	 recent	 review	
(Carson	et	al.,	2017)	found	57	reports	(49	
unique	 studies)	 that	 had	 examined	
associations	between	physical	activity	and	
various	 aspects	 of	 health	 in	 children	
within	 pre-school	 children.	 Three	
clustered	 randomized	 trials	 and	one	non-
randomized	 intervention	 involving	a	 total	
of	1100	participants	 found	no	differences	
of	 BMI	 between	 exercised	 and	 control	
groups.	Likewise,	 in	most	of	the	less	well-
designed	 studies,	 the	 benefits	 associated	
with	a	high	 level	of	physical	activity	were	
negligible.	 Another	 review	 (Timmons	 et	
al.,	 2012)	 noted	 that	 in	 only	 one	 of	 3	
studies	 of	 infants	 during	 the	 first	 few	

months	 of	 life	 was	 the	 daily	 volume	 of	
physical	activity	related	to	the	subsequent	
thickness	of	skin-folds.		
Likewise,	 among	 pre-schoolers,	 only	 1	

of	 4	 randomized	 trials	 found	 that	 added	
physical	 activity	 offered	 some	 protection	
against	 the	 development	 of	 obesity,	 and	
then	 only	 in	 girls.	 In	 contrast,	 some	
protection	against	future	obesity	was	seen	
in	all	of	3	cohort	trials.		
	
Studies	 of	 physical	 activity	 and	 obesity	
in	infants	
Of	seven	studies	examining	the	physical	

activity	 patterns	 of	 infants	 (Table	 1),	 five	
found	 that	 a	 greater	 level	 of	 activity	
offered	 some	 protection	 against	 the	
accumulation	of	body	fat	over	the	next	few	
years.	 However,	 in	 only	 one	 of	 these	
investigations	had	the	observers	made	any	
attempt	 to	 increase	 the	 spontaneous	
activity	of	the	infant.		
Davies	et	al.	(1991)	recruited	33	infants	

at	 the	 age	 of	 3	 months.	 The	 total	 daily	
energy	 expenditure	 of	 each	 participant	
was	assessed	by	the	doubly-labeled	water	
technique.	Measurements	of	BMI	and	skin-
fold	 thicknesses	 taken	 at	 9	months	 and	2	
years	 bore	 no	 relationship	 to	 the	 initial	
daily	energy	expenditures	of	these	infants.	
de	Vries	et	al.	(2015)	studied	children	who	
were	 initially	aged	 less	than	one	year	old.	
Nurses	 repeatedly	 visited	 and	 advised	
children	in	the	intervention	group,	seeking	
to	 stimulate	 their	 habitual	 physical	
activity.	 After	 a	 follow-up	 of	 2.5	 yr,	
outcomes	 were	 compared	 with	 those	 in	
the	control	group.	The	intervention	by	the	
nurses	 apparently	 had	 no	 significant	
impact	 on	 either	 motor	 development	 or	
the	 habitual	 physical	 activity	 of	 the	
children,	 but	 at	 their	 final	 evaluation	
(perhaps	 because	 of	 dietary	 counseling?)	
the	 intervention	 group	 did	 show	 a	 small	
advantage	 in	 terms	 of	 the	 average	
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thickness	of	4	skin-folds	(7.4	vs.	8.1	mm).	
Among	the	girls,	those	visited	regularly	by	
the	 nurses	 also	 showed	 slightly	 lower	
BMIs	 and	 waist	 circumferences	 than	
control	 subjects.	 Some	 10%	 of	 subjects	
dropped	 out	 of	 this	 programme	 over	 the	
course	of	the	study.	
Ku	et	al.	(1981)	followed	children	from	

an	initial	age	of	6	months	to	an	average	of	
8.75	 yr;	 170	 of	 those	 who	 enrolled	
completed	 the	 trial.	 Parents	 made	 1-day	
estimates	 of	 the	 child's	 physical	 activity	
annually	throughout	the	follow-up	period.	
Data	 for	 the	 girls	 showed	 no	 relationship	

between	 habitual	 physical	 activity	 and	
measures	 of	 obesity,	 but	 the	 boys	 those	
who	were	physically	more	active	at	ages	3	
and	 4	 yr	 showed	 weak	 (-0.35	 to	 -0.36)	
negative	 correlations	 between	 activity	
levels	and	body	fat	as	content	determined	
by	 hydrostatic	 weighing	 and	 skin-fold	
measurements.	
Li	 et	 al.	 (1995)	 related	 dual	 x-ray	

absorptiometry	 estimates	 of	 body	 fat	
content	 in	 babies	 initially	 aged	 6	months	
to	 their	 habitual	 physical	 activity,	 as	
estimated	 by	 6	 hours	 of	 careful	
observation	of	the	child.		At		an		age		of		12		

Table	1:	Longitudinal	studies	examining	the	relationship	between	the	volume	of	physical	activity	of	an	
infant	and	subsequent	body	fat	accumulation.	
	
Authors	 Subjects	 Programme	 Findings	 Comments	
Davies	et	al.	
(1991)	

33	infants,	
initially	3	
months	old		

Doubly-labeled	water,	
BMI	and	skin-folds	
measured	at	9	months	
&	2	yr	

No	relationship	between	
physical	activity	at	3	
months	and	skin-folds	at	
2	yr	

	

de	Vries	et	al.	
(2015)		

161	children	at	
well-baby	clinics,	
initially	aged	<1	
yr	

Nurses	advised	
intervention	parents	on	
stimulating	physical	
activity	over	first	year	
of	child's	life	

At	2.5	yr,	no	gains	of	
physical	activity	or	motor	
development,	but	small	
advantage	of	skin-folds	
(7.4	vs.	8.1	mm)	

Intervention	
girls	also	showed	
decrease	in	BMI	
and	waist	
circumference		
10%	drop-outs	
from	study	

Ku	et	al.	
(1991)		

170	children	
followed	from	6	
months	to	8.75	
yr	

Physical	activity	and	
skin-fold	thickness	
measured	from	age	6	
months		

No	relationship	in	girls.	
Boys	activity	at	3-4	yr	
influenced	skin-folds	at	8	
yr	

Parents	collected	
1-day	physical	
activity	records	
annually	

Li	et	al.	(1995)		 31	healthy	
children	aged	6-
12	months	

Physical	activity	over	6	
h	of	observation	vs.	
body	fat	by	DXT		

Significant	negative	
relationship	of	body	fat	
to	physical	activity	rating	

At	12	months,	p	
=	0.002	

Sijtsma	et	al.	
(2013)		

Babies	initially	
aged	9-months		

Movement	patterns	at	9	
months	vs.	wt.	for	
height	and	waist	
circumference	at	24	
months	

Extent	of	movement	in	
infancy	influences	Z-
scores	of	W/H	and	
circumference	at	24	
months	

	

Stunkard	et	al.	
(1999)		

40	infants	
initiakky	aged	3	
months	

Body	fat	(elec.	
conductivity)	and	skin-
fold	thicknesses	at	12	
months	vs.	energy	
expenditure	(doubly-
labeled	water)	

Body	fatness	unrelated	to	
total	energy	expenditure	
at	12	months	

Fatness	
influenced	by	
food	intake	

Wells	and	Ritz	
(2001)		

26	infants	
initially	aged	9-
12	months	

Physical	activity	diary	
and	fatness	at	2	yrs	

Skin-folds	(but	not	total	
fatness)	related	to	
activity	at	12	months	

Total	body	fat	by	
18oxygen	dilution	
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Table	2:	Longitudinal	studies	examining	the	relationship	between	habitual	physical	activity	and	body	
fat	accumulation	in	pre-school	children.	
	
Authors	 Subjects	 Programme	 Findings	 Comments	
Annesi	et	
al.	(2013)	

~	500	
children,	
initially	aged	
4-5	yr	

18	treatment	classes	
(physical	activity	increased	
by	30	min/wk)	vs.	8	control	
classes	

Over	9	months,	reduction	of	
BMI,	greatest	in	overweight	
children		

Mainly	African-
American	children		

Bocca	et	
al.		(2014)		

75	children	
initially	aged	
3-5	yr	

Multidisciplinary	diet	and	
physical	activity	
programme	

At	16	wks,	and	at	3	yr	
follow-up,	intervention	
group	had	lower	Z	score	for	
BMI	and	waist	
circumference	relative	to	
controls	

	

Bonvin	et	
al.	(2013)	

Children	
initially	aged	
3.3	yr	
attending	
child-care	
centres	

Attempts	to	increase	
physical	activity	in	
intervention	group	(n	=	
201)	vs.	controls	(n	=	187)	

At	9	months,	no	significant	
gains	in	motor	skills,	
physical	activity,	or	BMI	

Programme	
compliance	variable	

Butte	et	al.	
(2016)	

127	children	
initially	aged	
3-5	yr		

1-year	correlates	of	body	
fat	%	and	fat	mass	(kg)	

Activity	count	not	
significantly	related	to	body	
fat	(%	or	kg)	

Physical	activity	by	
accelerometer	and	
doubly	labeled	water.	

de	Coen	et	
al.	(2013)	

568	children	
initially	aged	
3-6	yr	

2-year	follow-up	seeking	
correlates	of	obesity	
development	

Risk	factors	for	obesity	
included	parental	obesity,	
screen	time	>	1h/d	&	high	
soft	drink	intake	

	

Huynh	et	
al.	(2011)		

546	
Vietnamese	
children	
initially	aged	
4-5	yr	

1-yr	follow-up	of	factors	
correlating	with	obesity	

Initial	weight,	
neighbourhood	safety	&	
parental	obesity	influence	
BMI	

No	significant	impact	
of	questionnaire	
assessments	of	
physical	activity	or	diet	
on	obesity	

Klesges	et	
al.	(1995)		

146	children	
initially	aged	
3-5	yr	

Initial	questionnaire	
physical	activity	
assessment,	2yr	follow-up	
of	BMI	

BMI	negatively	correlated	
with	baseline	aerobic	
activity		
(r	=	-	0.32)	

40%	of	children	
overweight	at	baseline	

Kromholz	
(2012)		

428	
preschool	
children,	
initially	aged	
~	4.5	yr	

Intervention,	added	20	
min/day	physical	activity		

20-month	intervention	had	
no	effect	on	BMI	or	skin-
folds	

Both	groups	had	45	
min	physical	
activity/week	

Moore	et	
al.	(1995)		

97	children	
initially	aged	
3-5	yr	

Twice	annual		
	5-day	activity	assessments	
by	accelerometer	

Greater	gains	of	skin-fold	for	
inactive	(boys		
-0.75	vs.	+0.25;	girls	1.0	vs	
1.75	mm)	by	entry	into	
Grade	1	

Part	of	Framingham	
children's	study	(5	
skin-folds	measured)	

Mo-Suwan	
et	al.	
(1998)		

292	
kindergarten	
students,	
initially	aged	
~	4.5	yr	

15	min	walk	and	20	min	
aerobics	each	day	for	29.6	
months	

No	change	in	BMI	or	skin-
folds	relative	to	controls	

	

Reilly	et	al.	
(2006)		

545	
preschool	
children,	
initially	aged	
~4.2	yr	

Three	30-min	PA	
classes/wk	for	24	wks,	plus	
home	exercise	programme	

No	effects	on	BMI	or	
physical	activity	relative	to	
controls	

Motor	skills	improved	
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months,	 the	 two	 variables	 showed	 a	
significant	negative	inter-relationship,		
with	a	probability	of	0.002.		 	
Sijtsma	 et	 al.	 (2013)	 looked	 at	 the	

opportunities	for	free	movement	in	babies	
at	the	age	of	9	months,	and	found	that	this	
was	 reflected	 in	 the	 Z-scores	 of	 weight-
for-height	 ratios	 and	 waist	
circumferences.	
Srunkard	 et	 al.	 (1999)	 studied	 40	

infants,	 initially	 aged	 3	 months.	 Body	 fat	
content	 was	 determined	 by	 an	 electrical	
conductivity	 method	 and	 by	 the	
measurement	of	4	skin-folds.	The	body	fat	
content	at	12	months	was	unrelated	to	the	
total	 daily	 energy	 expenditure	 at	 3	
months,	as	determined	by	the	metabolism	
of	doubly-labeled	water.	However,	fatness	
was	 correlated	 with	 food	 intake	 as	
determined	by	weighing	the	infants	before	
and	 after	 feeding	 and	 by	 observations	 of	
suckling.	
Wells	 and	 Ritz	 (2001)	 used	 a	 physical	

activity	diary	to	assess	exercise	patterns	in	
29	 infants	 initially	 aged	 9-12	 months.	
When	they	were	re-examined	at	an	age	of	
2	 yr,	 superficial	 body	 fat	 (as	 assessed	 by	
skin-fold	 readings)	 was	 inversely	 related	
to	 the	 initial	 rating	 of	 physically	 activity	
levels,	but	total	body	fat	(as	determined	by	
18oxygen	 dilution)	 did	 not	 show	 such	 a	
relationship.	
In	 summary,	 5	 of	 7	 studies	 of	 infants	

found	 a	 favourable	 association	 between	
early	 physical	 activity	 and	 subsequent	
body	 fat	 levels,	 although	 in	 one	 of	 the	 5	
reports,	benefit	was	seen	only	in	the	boys.	
This	finding	possibly	reflects	 innate	inter-
sex	 differences	 in	 the	 child's	 body	
metabolism.	
	

Studies	of	physical	activity	and	obesity	
in	pre-school	children	
The	reported	effects	of	modest	physical	

activity	 interventions	 upon	 the	

subsequent	 body	 fat	 levels	 of	 pre-school	
children	are	summarized	 in	Table	2.	Most	
programmes	 have	 been	 organized	 in	 the	
context	 of	 kindergarten	 or	 pre-school	
classes,	 with	 the	 staff	 concerned	 having	
received	 varying	 levels	 of	 expertise	 in	
methods	 for	 the	 promotion	 of	 physical	
activity.	 Often,	 the	 intervention	 has	
attempted	 to	 change	 not	 only	 patterns	 of	
habitual	 physical	 activity,	 but	 also	 the	
child’s	diet.	
Annesi	 et	 al.	 (2013)	 took	 a	 group	 of	

some	 500	 children	 initially	 aged	 4-5	 yr	
who	 were	 attending	 pre-school	
programme,	 dividing	 them	 between	 a	
treatment	group	who	received	30	min/day	
of	 a	 behaviourally-based	 initiative	
intended	 to	 augment	 their	 habitual	
physical	 activity	 and	 a	 control	 group.	
About	a	third	of	the	students	were	initially	
obese	 or	 overweight.	 At	 the	 end	 of	 9	
months,	 accelerometer	 data	 showed	 a	
slightly	greater	amount	of	physical	activity	
in	 the	 intervention	 group	 than	 in	 the	
controls	 (30	 min/week),	 but	
unfortunately,	 it	 was	 not	 possible	 to	
determine	 how	 much	 of	 the	 greater	
activity	was	programme-related,	and	how	
much	 of	 the	 additional	 physical	 activity	
had	 occurred	 of	 the	 child's	 own	 volition.	
Given	 the	 small	 increase	 in	 physical	
activity,	 it	 is	 not	 surprising	 that	 the	 final	
BMI	 values	 showed	 little	 effect	 of	 the	
intervention	 upon	 body	 composition	 in	
normal	 weight	 children.	 There	 was	 a	
detectable	but	small	programme	effect	on	
BMI	 in	 those	 children	 who	 were	 initially	
obese	 (final	 values	 of	 19.0	 versus	 19.5	
kg/m2),	 but	 this	was	 not	 large	 enough	 to	
have	great	clinical	significance.	
Bocca	et	al.	(2014)	evaluated	the	effects	

of	 a	 multi-disciplinary	 diet	 and	 physical	
activity	 programme	 in	 75	 children	 who	
were	 initially	aged	3-5	yr.	After	16	weeks	
of	 treatment,	 and	 at	 a	 3-year	 follow-up,	
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the	 intervention	group	had	 the	advantage	
over	controls	in	terms	of	z	scores	for	BMI	
and	waist	circumferences.	
Bonvin	 et	 al.	 (2013)	 randomized	

children	with	an	average	 initial	age	of	3.3	
yr	 who	 were	 attending	 Swiss	 childcare	
centres	 between	 a	 control	 group	 and	 an	
intervention	group	where	an	attempt	was	
made	to	use	the	normal	staff	of	the	centre	
to	 increase	 habitual	 physical	 activity.	
Unfortunately,	 the	 employees	 were	 not	
very	successful	 in	changing	the	behaviour	
of	children	in	the	intervention	group.	After	
9	 months,	 experimental	 subjects	 showed	
no	advantage	over	the	controls	in	terms	of	
motor	skills,	and	no	significant	increase	in	
their	habitual	physical	activity	(at	 least	as	
determined	 by	 accelerometer	 readings,	
collected	 on	 a	 single	 day).	 The	 BMI	 also	
remained	similar	for	the	2	groups	over	the	
9	 months	 of	 observation.	 However,	 the	
experimental	 design	 was	 weak,	 since	 not	
all	 of	 the	 centres	 implemented	 all	 of	 the	
intended	 interventions.	 Predictors	 of	 a	
favourable	 outcome	 included	 the	
availability	 of	 highly	motivated	 staff,	 free	
access	of	the	child	to	movement	space,	and	
access	 to	 indoor	 equipment	 for	 physical	
activity.	
Butte	et		al.	(2016)	studied	127	children	

initially	aged	3-5	yr,	Some	cross-sectional	
associations	 were	 seen	 between	 their	
initial	 body	 fat	 content	 	 and	 their	
participation	 in	 moderately	 vigorous	
habitual	 physical	 activity	 as	measured	 by	
both	 accelerometer	 data	 and	 the	
metabolism	 of	 doubly	 labeled	 water.	
However,	 when	 the	 children	 were	
followed	for	one	year,	the	changes	in	body	
fat	 (whether	 expressed	 in	 kg	 or	 as	 a	
percentage)	 showed	 no	 correlation	 with	
the	 volume	 of	 daily	 physical	 activity	 that	
had	been	undertaken	by	the	child	over	the	
year.	

De	 Coen	 et	 al.	 (2013)	 followed	 568	
children	 initially	 aged	 3-6	 yr	 for	 30	
months,	 looking	 for	 correlates	 with	 the	
development	 of	 obesity	 over	 this	 period.	
Risk	 factors	 were	 found	 to	 include	 not	
only	the	child's	initial	body	mass,	but	also	
obesity	in	either	of	the	parents,	a	low	level	
of	 maternal	 education,	 a	 daily	 screen	
watching	time	of	more	than	an	hour,	and	a	
high	consumption	of	soft	drinks.	However,	
neither	 structured	 physical	 activity	
undertaken	 at	 the	 kindergarten	 nor	 the	
amount	of	physical	activity	undertaken	at	
home	 were	 related	 to	 body	 composition	
outcomes.	
Huynh	 et	 al.	 (2011)	 examined	

correlates	 of	 an	 increase	 in	 BMI	 over	 a	
one-year	 follow-up	 of	 546	 children	
initially	aged	4-5	yr	who	were	living	in	Ho	
Chi	 Min	 City,	 Vietnam.	 In	 a	 multivariate	
analysis,	the	initial	body	mass	of	the	child,	
the	 safety	 of	 the	 neighbourhood,	 and	
parental	 obesity	 all	 influenced	 the	
likelihood	 of	 an	 increase	 of	 BMI	 over	 the	
year	 of	 observation,	 but	 no	 significant	
correlations	 were	 found	 between	 body	
composition	 and	 questionnaire	
assessments	 of	 habitual	 physical	 activity	
and	diet.			
Klesges	 et	 al.	 (1995)	 followed	 146	

children,	 initially	 aged	 3-5	 yr,	 for	 two	
years.	 Some	 40%	 of	 this	 sample	 was	
initially	overweight.	Increases	of	BMI	over	
the	period	of	observation	were	associated	
with	 obesity	 in	 the	 parents.	 A	 high	
baseline	aerobic	activity,	as	assessed	by	a	
parental	questionnaire	and	an	 increase	of	
leisure-time	 physical	 activity	 were	 each	
weakly	 associated	with	 a	 lower	 tendency	
to	 an	 increase	 of	 BMI	 over	 the	 2-year	
follow-up	 (r	 =	 -	 0.32	 and	 -0.32	 [ns]	
respectively).	
Kromholz	 (2012)	 studied	 428	 pre-

school	 children,	 initially	 aged	 ~4.5	 yr.	
Both	 intervention	 and	 control	 groups	
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received	 45	 min	 of	 physical	 activity	 per	
week	 at	 their	 pre-school,	 but	 the	
intervention	 group	 undertook	 an	
additional	20	min/day	of	exercise	on	each	
of	 the	 remaining	 4	weekdays.	 Over	 a	 20-
month	 follow-up,	 the	 intervention	
improved	 motor	 performance,	 but	 the	
additional	 exercise	 was	 insufficient	 to	
affect	 either	 BMI	 or	 skin-fold	 thicknesses	
relative	to	the	controls.		
Moore	 et	 al.	 (1995)	 evaluated	 97	

children	who	were	initially	aged	3-5	yr	as	
a	 part	 of	 the	 Tecumseh	 children's	 study.		
Habitual	 physical	 activity	 was	 measured	
twice	 annually,	 obtaining	 5-day	
accelerometer	 records	 on	 each	 occasion;	
the	 average	 of	 these	 scores	 was	 used	 to	
make	a	binary	classification	of	the	children	
as	 "active"	 (above	 the	 median	 score),	 or	
"inactive"	(below	the	median	score).	Small	
inter-group	 differences	 in	 the	 average	
change	 in	5	 skin-fold	 thicknesses	 through	
to	Grade	1	entry	were	 found	between	the	
2	 categories	 of	 children	 (for	 the	 boys,	 -
0.75	 mm	 versus	 +0.25	 mm,	 and	 for	 the	
girls	+1.0	mm	versus	+1.75	mm).	Further,	
the	 slopes	 of	 the	 increase	 in	 skin-fold	
thickness	 showed	 significant	 negative	
correlations	 with	 measures	 of	 the	 child's	
habitual	physical	activity.	
Mo-Suwan	 et	 al.	 (1998)	 added	 a	 daily	

15	 minute	 walk	 and	 20	 min	 of	 aerobic	
exercise	 to	 the	 programme	 of	 the	
intervention	group	in	a	controlled	study	of	
Taiwanese	 kindergarten	 students	 initially	
aged	~	4.5	 yr.	Over	 a	 29.6	month	 follow-
up,	 the	 intervention	 group	 showed	 no	
overall	advantage	over	control	subjects	in	
terms	 of	 BMI	 or	 skin-fold	 thicknesses,	
although	 the	 girls	 in	 the	 intervention	
group	did	finally	have	a	marginally	smaller	
BMI	 than	 the	 controls	 (13.8	 versus	 14.5	
kg/m2).	
Reilly	 et	 al.	 (2006)	 initiated	a	22-week	

randomized	 controlled	 trial	 with	 545	

preschool	 children	 initially	 aged	 ~4.2	 yr.		
The	 intervention	 group	 was	 given	 three	
30-minute	 physical	 activity	 classes	 per	
week	at	their	nursery	school,	and	they	also	
received	 home-based	 health	 education	
aimed	 at	 increasing	 habitual	 physical	
activity	and	reducing	sedentary	time.	After	
6	 months,	 the	 intervention	 group	 had	
developed	 improved	 motor	 skills,	 but	 it	
did	not	differ	from	controls	with	respect	to	
either	 habitual	 physical	 activity	 (as	
determined	by	accelerometry)	or	BMI.		
In	 summary,	 longitudinal	 studies	 of	

pre-school	children	have	as	yet	found	little	
improvement	 of	 body	 composition	 as	 a	
result	 of	 deliberate	 attempts	 to	 increase	
habitual	 physical	 activity	 through	
interventions	 made	 in	 nursery	 school	
classes	 and	 kindergartens.	 In	 7	 of	 11	
studies,	 there	was	 no	 effect.	 In	 one	 study	
showing	benefit,	the	main	emphasis	of	the	
programme	was	upon	dieting,	in	one	study	
benefit	was	 seen	 only	 in	 those	who	were	
initially	 obese,	 and	 in	 the	 remaining	 two	
positive	reports	the	observed	effects	were	
relatively	 weak.	 	 However,	 the	 problem	
seems	as	much	the	practical	difficulty	that	
kindergarten	 workers	 with	 limited	 skills	
have	 had	 in	 inducing	 any	 substantial	
increase	 over	 spontaneous	 movement	 in	
intervention	 groups	 as	 the	 absence	 of	 a	
positive	 effect	 of	 exercise	 upon	 body	 fat	
content	in	this	age	group.	
	
Longitudinal	studies	of	physical	activity	
and	body	composition	in	older	children	
and	adolescents		
Longitudinal	 studies	 examining	

relationships	 between	 habitual	 physical	
activity	 and	 body	 composition	 in	 older	
children	 and	 adolescents	 have	 included	
evaluations	 of	 time	 spent	 at	 camps	
specializing	 in	 the	 treatment	 of	 obesity,	
school-based	 exercise	 initiatives	 with	
reports	 or	 objective	 assessments	 of	
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habitual	 physical	 activity	 (Gittelson	 and	
Park,	 2018),	 and	 reports	 about	 sedentary	
time,	 such	 as	 the	 number	 of	 hours	 spent	
watching	 television	 or	 other	 electronic	
devices.	All	 long-term	analyses	have	been	
complicated	 by	 issues	 related	 to	 inter-
individual	 differences	 in	 growth	 patterns	
and	 in	 the	 speed	 of	 sexual	 maturation.	
Changes	in	body	mass	have	generally	been	
interpreted	 in	 terms	 of	 the	 individual's	
percentage	 or	 Z-score	 relative	 to	 the	
height/body	 mass	 norms	 of	 the	 U.S.	
Centers	 for	 Disease	 Control	 and	
Prevention.	
	
Effects	 upon	 body	 composition	 of	
attendance	at	"obesity	camps"	
Obesity-treatment	 camps	 for	 children	

and	 adolescents	 have	 typically	 involved	
attendees	 in	 substantial	 (but	 poorly	
quantitated)	 volumes	 of	 daily	 physical	
activity,	but	the	interpretation	of	data	has	
been	 complicated	 by	 simultaneous	 and	
substantial	 changes	 of	 diet	 (not	 always	
clearly	 documented)	 and	 by	 a	 temporary	
reprieve	 from	 the	 adverse	 parental	
influences	 of	 a	 household	 where	
overeating	 and	 a	 sedentary	 lifestyle	 may	
have	 been	 the	 norm.	 Typically,	 such	
obesity	 camps	 have	 focused	 on	 the	
treatment	rather	than	on	the	prevention	of	
obesity,	 and	 although	 such	 an	 approach	
has	often	had	immediate	success,	practical	
objections	 include	 the	 high	 unit	 cost	 of	
treatment	and	the	need	for	repeated	camp	
sessions	 over	 the	 course	 of	 childhood	 in	
order	 to	 maintain	 a	 healthy	 pattern	 of	
living.	Problems	usually	arise	from	a	rapid	
increase	 of	 food	 intake	 and	 a	 lack	 of	
persistence	 with	 exercise	 once	 the	 child	
returns	to	the	family	environment	(Bar-Or	
et	al.,	1998).	
Jana	 Parizková	 and	 her	 colleagues	

conducted	some	of	 the	earliest	studies	on	
the	 efficacy	 of	 summer	 obesity	 camps	 in	

Czechoslovakia	 during	 the	 period	 of	
communist	 rule	 (Table	 3).	 In	 1965,	 7	
obese	 11-12-year-old	 boys	 carrying	 an	
average	of	17.2	kg	of	fat	were	subjected	to	
a	 7-week	 camp	 that	 involved	 daily	
physical	 exercise	 sessions	 and	 distance	
walking,	plus	a	diet	restricted	to	an	energy	
intake	 of	 7.1	 MJ/day	 (Sprynarová	 and	
Parizková,1965).	Hydrostatic	data	showed	
a	 4.9	 kg	 decrease	 of	 body	 fat	 over	 the	 7	
weeks	 of	 camp	 attendance,	 although	
unfortunately	 this	 was	 accompanied	 by	
small	 decreases	 in	 both	 lean	 tissue	 mass	
and	 absolute	 maximal	 oxygen	 intake	
(measured	in	L/min).	No	information	was	
obtained	on	changes	 in	body	composition	
once	 the	 boys	 had	 returned	 home.	 In	
subsequent	research,	it	was	recognized	as	
undesirable	 to	 impose	 severe	 restrictions	
on	the	food	intake	of	developing	children,	
since	 it	 could	 impede	normal	 growth	 and	
development,	 and	 an	 attempt	 was	 thus	
made	 to	 achieve	 the	 desired	 beneficial	
changes	 in	 body	 composition	 by	 exercise	
programmes	alone	(Parizková,	1998).	
Braet	 et	 al.	 (1997)	 compared	 various	

types	 of	 treatment	 in	 a	 sample	 of	 205	
obese	children	aged	11-12	yr	who	were	at	
least	 20%	 overweight,	 comparing	 data	
with	 findings	 for	 a	 second	 group	 of	 54	
obese	 children	 of	 similar	 age	who	 served	
as	 waiting-list	 controls.	 One	 option,	
followed	by	55	of	the	experimental	group,	
was	attendance	at	a	 summer	camp	(a	10-
day	 event,	 with	 exercise	 sessions	 held	 5	
hours	 per	 day,	 a	 6	 MJ/day	 dietary	
allowance,	 and	 monthly	 follow-up	
sessions).	Three	similar	groups	of	children	
received	 group	 therapy	 sessions,	
individual				therapy			sessions,			or		limited	
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Table	3:	Influence	of	summer	camp	attendance	on	body	composition	of	older	children	and	
adolescents.	

	
Author	 Subjects	 Programme	 Findings	 Comments	

Braet	et	al.	
(1997)	

205	obese	
children	aged	
11-12	yr,	>20%	
overweight	

10-day	camp	(5	h	
exercise/day,	6	MJ/d	
diet)	vs.	3	other	
programmes	+	
control	group	

Camp	14.7%	weight	
loss,	group	counseling	
13.1%	weight	loss	

19%	drop-out	rate.	
Benefits	persisted	>6	
months	after	end	of	
programme	

Gately	et	al.	
(2000a,	b)		

194	children	
aged	~12.6	yr	

8-week	camp,	fun-
based	skills	learning,	
5	x	90	min/d	plus	2	
weekly	counseling	
sessions,	food	intake	
limit	5.6	MJ/d	

Decrease	of	BMI	in	
80%	of	students;	also	
decreases	in	skin-folds	
and	waist	
circumferences	

Benefits	persisted	at	
1	yr	(BMI	30.0	vs.	
32.9	kg/m2	in	
controls)	

Karner-Rezek	
et	al.	2013)		

28	children,	
obesity	class	I-
III.	aged		
~	13.8	yr	
(boys),	~15.1	
yr	(girls)	

8-week	camp,	2	
MJ/day	energy	
deficit.	Two	60-90	
min	aerobic	exercise	
sessions/day	

Fat	mass	decreased	
23.8%	in	boys,	21.6%	
in	girls,	Wingate	power	
increased	95.6%	in	
boys,	100%	in	girls	

Dual	x-ray	
absorptiometry	fat	
measures.	No	long-
term	data	

Rauber	et	al.	
(2018)		

12	overweight	
or	obese	
children	aged	
9-11	yr	

5-day	camp,	3-
month	follow-up	

25%	of	children	
became	active	(1500-
3000	MET-h/wk),	15%	
decrease	in	number	of	
sedentary	children.	2	
mm	decrease	skin-
folds,	2	cm	decrease	
waist	circumference	

Weight	loss	
maintained,	further	
decrease	of	skin-fold	
during	follow-up	

Ruzic	et	al.	
(2007)		

20	diabetic	
children	aged	
~13	yr		

2-week	camp,	high	
vol.	low	intensity	
exercise	

Diabetic	control	
improved,	only	2	hypo-
glycaemic	episodes	
over	course	of	camp	

Benefits	disappeared	
2	months	after	
return	home	

Sprynarová	and	
Parizková	
(1965)		

7	boys	aged	11-
12	yr	

7-week	camp,	
exercises	and	
walking,	7.1	MJ/day	
diet		

Average	12.3	kg	loss	of	
body	fat	

Associated	loss	of	
lean	tissue	and	max.	
aerobic	power.	No	
follow-up	
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lifestyle	 advice.	 Dropouts	 from	 the	 4	
options	were	 relatively	 similar,	 at	 ~19%.	
The	 weight	 loss	 was	 greatest	 for	 those	
assigned	 to	 the	 camp	 treatment	 (14.7%),	
although	benefits	were	only	a	little	smaller	
with	 group	 therapy	 (13.1%	 weight	 loss).	
The	weight	loss	was	seen	within	3	months	
of	 beginning	 treatment,	 and	 it	 was	
maintained	 for	 at	 least	 6	 months	 after	
ceasing	formal	therapy.	
Gately	et	al.	(2000a,	b)	had	194	children	

with	an	average	age	of	12.6	yr	attend	an	8-
week	weight-loss	 camp	with	an	emphasis	
upon	 the	 fun-based	 learning	 of	 physical	
skills;	 there	were	 five	 of	 these	 90-minute	
learning	 sessions	 per	 day,	 designed	 to	
develop	 both	 aerobic	 power	 and	 sports	
skills,	 and	 they	 were	 supplemented	 by	 2	
sessions	 of	 health,	 nutritional	 and	
behavioural	 instruction	 each	 week.	 Food	
intake	was	 set	 at	 5.8	MJ/day.	Most	 of	 the	
group	 were	 from	 high	 socio-economic	
status	 families,	 Significant	 reductions	 in	
body	mass	were	seen	over	the	8	weeks	of	
camp	 attendance,	 although	 there	 were	
large	 inter-individual	 differences	 in	
response.	One	year	 later,	 the	average	BMI	
remained	below	its	initial	value	in	89%	of	
the	students	(average	30.0	vs.	32.9	kg/m2	

in	 controls);	 however,	 an	 initial	 8-week	
decrease	 in	 body	mass	 averaging	 11.2	 kg	
had	 decreased	 to	 a	 decrease	 of	 1.3	 kg	 by	
the	 end	 of	 the	 year	 (in	 part	 because	 of	
normal	growth).	
Karner-Rezek	 et	 al.	 (2013)	 studied	 28	

adolescents	 who	 were	 attending	 an	 8-
week	 summer	 obesity	 camp.	 Food	 intake	
was	 limited	 to	 create	 a	 2	 MJ/day	 energy	
deficit,	 and	 participants	 undertook	 two	
60-90	minute	sessions	of	aerobic	exercise	
per	 day.	 The	Wingate	 Test	 power	 output	
increased,	 by	 96%	 in	 the	 boys,	 and	 by	
100%	 in	 the	 girls,	 and	 dual	 x-ray	
absorptiometry	 data	 also	 showed	 a	
substantial	decrease	of	fat	mass	over	the	8	

week	programme,	 a	drop	of	23.8%	 in	 the	
boys	and	of	21.6%	in	 the	girls.	Data	were	
not	 obtained	 regarding	 the	 long-term	
efficacy	of	this	programme.	
Rauber	 et	 al.	 (2018)	 followed	 12	

overweight	or	obese	children	aged	9-11	yr	
who	 attended	 a	 5-day	 educational	 and	
exercise	 camp	 with	 a	 3-month	 follow-up	
programme.	 Over	 the	 course	 of	 this	
intervention,	 a	 quarter	 of	 the	 students	
who	 were	 involved	 became	 physically	
active,	and	sedentary	behaviour	decreased	
in	2	of	 the	participants.	The	children	who	
were	studied	 in	detail	showed	an	average	
2	mm	decrease	in	skin-fold	readings	and	a	
2	 cm	 decrease	 in	 waist	 circumferences	
over	 the	 3	 months.	 Moreover,	 the	
improved	 physical	 activity	 patterns	 and	
the	 beneficial	 skin-fold	 and	 waist	
circumference	changes	persisted	and	even	
increased	over	the	follow-up	period.	
Ruzic	 et	 al.	 (2007)	 studied	 20	 diabetic	

children	 aged	 ~13	 yr	 who	 attended	 a	 2-
week	 high-volume	 but	 low	 intensity	
exercise	 camp.	 This	 intervention	 induced	
favourable	 changes	 in	 the	 course	 of	 the	
diabetes,	 particularly	 a	 decrease	 in	 blood	
glucose	 and	 control	 of	 HbA1c	 levels,	 and	
there	 were	 only	 2	 hypo-glycaemic	
episodes	 over	 the	 course	 of	 the	 camp.	
However,	 beneficial	 changes	 were	
reversed	 within	 2	 months	 of	 returning	
home,	 because	 the	 students	 were	 no	
longer	 participating	 in	 either	 organized	
exercise	 sessions	 or	 well-controlled	
nutritional	programmes.			
Baranowski	 et	 al.	 (2003)	 attempted	 to	

enhance	the	long-term	impact	of	a	4-week	
summer	 camp	 programme	 by	 adding	 a	
subsequent	 8-week	 home	 internet	
intervention,	but	they	found	no	significant	
benefit	from	this	additional	feature,	in	part	
because	 less	than	a	half	of	 the	girls	 in	the	
intervention	 group	 took	 the	 time	 to	 log	
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onto	 the	 authors'	web-site	 after	 they	 had	
returned	home.	
In	summary,	a	number	of	authors	have	

introduced	 camp	 programmes	 where	
vigorous	 exercise	 and	 health	 education	
have	 been	 combined	 with	 substantial	
dietary	 restriction.	 The	 immediate	 effects	
have	 generally	 included	 a	 substantial	
reduction	in	body	fat	content,	and	in	some	
instances	 benefits	 have	 persisted	 for	 as	
long	as	a	year	following	camp	attendance.	
However,	most	investigations	to	date	have	
been	in	the	context	of	treating	established	
obesity.	 Little	 attempt	 has	 been	 made	 to	
determine	 whether	 benefits	 were	
attributable	 to	 exercise	 or	 dietary	
restriction,	 and	 there	 remains	 a	 need	 to	
examine	how	far	low-cost	versions	of	such	
interventions	 could	 introduce	 a	 healthy	
lifestyle	 to	 children	 who	 are	 initially	 of	
normal	 weight,	 preventing	 them	 from	
becoming	obese	as	they	become	older.	
	
Body	 composition	 and	 other	 types	 of	
exercise	 intervention	 in	 children	 and	
adolescents	 	
Many	of	the	interventions	proposed	for	

children	 and	 adolescents	 have	 been	
undertaken	 in	 the	 context	 of	 treating	
rather	 than	 preventing	 obesity,	 and	 as	
with	the	summer	camps,	the	primary	goal	
has	 been	 to	 decrease	 body	 fat	 content,	
rather	 than	 to	 discern	 the	 importance	 of	
dietary	 counseling	 relative	 to	 an	 increase	
in	physical	activity	as	a	means	of	achieving	
this	 objective.	 Further,	 the	 response	 to	
interventions	 has	 often	 been	 less	 than	
impressive,	 both	 in	 terms	 of	 the	
investigator's	 success	 in	 increasing	
habitual	 physical	 activity	 and	 in	 the	
resultant	 decrease	 in	 body	 fat	 stores	
(Zwiauer,	2000).		
A	cross-sectional	study	from	four	parts	

of	Europe	(Ekelund	et	al.,	2004)	found	that	
only	1%	of	the	variance	in	fatness	of	9-	to	

10-year-old	 children	 was	 attributable	 to	
the	 time	 that	 they	 spent	 in	 vigorous	
physical	 activity.	 On	 the	 other	 hand,	 a	
review	by	Bar-Or	and	Baranowski	 (1994)	
reported	several	long-term	exercise-based	
initiatives	 that	 had	 achieved	 a	 1-3%	
decreases	 of	 body	 fat	 content	 in	
adolescents,	with	programmes	of	one	year	
duration	 or	 longer	 being	 more	 effective	
than	 shorter-term	 interventions.	 Some	 of	
these	studies	also	 showed	 large	 increases	
in	the	participants'	power	outputs	(W/kg)	
on	 the	 Wingate	 test	 following	 the	
programme.	 In	 the	 long	 term,	 activities	
incorporated	 into	 daily	 life	 (such	 as	
walking	to	and	from	school)	were	noted	as	
being	 more	 effective	 than	 organized	
classes	such	as	calisthenics	or	jogging.		
Determinations	 of	 the	 increase	 in	

physical	 activity	 achieved	 by	 exercise	
interventions	have	in	some	instances	been	
based	 on	 subjective	 measures	
(questionnaire	 or	 diary	 reports),	
sometimes	 on	 objective	 assessments	 (for	
instance,	 accelerometer	 counts	 or	 the	
metabolism	of	doubly-labeled	water),	and	
sometimes	on	arbitrary	group	assignment.	
In	 many	 reports,	 the	 interpretation	 of	
response	has	been	complicated	in	that	the	
promotion	 of	 greater	 physical	 activity	
promotion	 has	 been	 supplemented	 by	
dietary	 education	 and/or	 restriction	 of	
food	intake.	
	
Studies	 with	 subjective	 ratings	 of	
habitual	physical	activity.		
It	is	difficult	to	obtain	reliable	information	
on	 physical	 activity	 patterns	 from	
subjective	methods	such	as	questionnaires	
or	diaries,	even	in	adults,	and	this	problem	
is	even	greater	in	children,	in	part	because	
they	engage	 in	a	wide	variety	of	activities	
each	 of	 which	 are	 performed	 for	 only	
short	 periods,	 and	 in	 part	 because	 in	
younger	 children	 information	 about	
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physical	 activity	 patterns	 must	 be	
obtained	 second	 hand,	 from	 the	
observations	 of	 parents	 and/or	 school	
teachers.	 Inevitably,	 this	 uncertainty	
weakens	 relationships	 between	 estimates	
of	 habitual	 physical	 activity	 and	 body	
composition	(Table	4).		
Berkey	et	al.	(2000)	examined	one-year	

predictors	 of	 gains	 in	 BMI	 in	 a	 sample	 of	
6149	girls	and	4620	boys	initially	aged	9-
14	yr.	In	the	boys,	such	gains	were	related	
to	the	time	spent	watching	television,	and	
in	 the	 girls,	 a	 high	 food	 intake	 and	 a	 low	
level	 of	 habitual	 physical	 activity	 as	

reported	 on	 a	 youth	 questionnaire	 were	
also	predictors.	However,	the	impact	of	all	
factors	 predicting	 BMI	 was	 relatively	
small.	
Bogaert	 et	 al.	 (2003)	 followed	 a	 small	

sample	of	59	children	initially	aged	6-9	yr	
for	one	year.	The	change	of	the		
child’s	 BMI	 Z-score	 over	 this	 period	 was	
unrelated	to	the	amount	of	total,	moderate	
or	 high	 intensity	 physical	 activity	
performed,	as	estimated	by	a	3-day	diary,	
or	 to	 the	 time	 spent	 in	 TV	 viewing.	
However,	 the	habitual	 physical	 activity	 of	
individual	 children	 was	 related	 to	 the	

Table	4:	Longitudinal	relationships	between	habitual	physical	activity,	physical	fitness,	and	increase	of	
body	mass,	as	seen	in	older	children	and	adolescents	where	habitual	physical	activity	was	monitored	
subjectively.	
	
Author	 Sample	 Follow-up	 Findings	 Covariates	or	Comments	

Berkey	et	al.	
(2000)		

6149	girls,	
4620	boys	
initially	aged	9-
14	yr	

1	yr	 Gains	of	BMI	in	girls	related	to	
high	food	intake,	TV	watching	
and	low	physical	activity.	In	
boys,	to	high	TV	watching		

All	effects	on	BMI	relatively	small	

Bogaert	et	al.		
(2008)		

59	children	
initially	aged	6-
9	yr	

1	yr	 Change	of	BMI	unrelated	to	
physical	activity	or	hrs	of	TV	
watching	

Physical	activity	of	child	related	to	
physical	activity	of	parents	

Brownell	
and	Kaye	
(1982)	

63	obese	
children	
initially	aged	5-
12	yr	

10	wk	 Behavioural	modification,	
nutritional	education	and	
physical	activity	programme	
reduced	body	mass	4.4	kg	

3	of	14	untreated	children	also	lost	
weight	over	10	wks	

Collipp	
(1975)	

25	children,	
initially	aged	9-
10	yr	

6	+	6	wk	 Phase	1,	physical	activity	alone-	
no	effect.	
Phase	2,	physical	activity	+	
dieting,	weight	loss	5	kg	

	

Davison	and	
Birch	(2011)		

197	girls	
initially	5-8	yr-
old		

2	yr	 Increase	of	BMI	related	to	
parental	interest	in	physical	
activity,	but	not	to	estimate	of	
child's	physical	activity	

Initial	BMI,	change	in	mother's	BMI,	
father's	energy	intake	

Kimm	et	al.	
(2001)	

2379	girls	
initially	aged	9-
10	yr	

10	yr	 Physical	activity	not	related	to	
changes	in	skin-fold	thicknesses	

Age,	diet,	age	at	menarche	

Mamalakis	et	
al.	(2000)		

466	M,	424	F	
children	
initially	aged	6	
yr	

6	yr	 Parental	reports	of	habitual	
physical	activity	Persistent	
physical	activity	did	not	predict	
body	mass	index,	skin-folds	or	
waist-hip	ratio	at	9	and	12	yr;	

Sex,	parents'	health	knowledge,	
endurance	run	time,	region	

O'Loughlin	
et	al.	(2000)		

2318	children	
initially	aged	9-
12	yr	

2	yr	 Predictors	of	excessive	wt	gain	
in	girls	baseline	BMI,	low	
physical	activity,	no	sports.	In	
boys,	baseline	BMI	only	

Odds	ratios	for	excess	wt.	gain	in	
girls	no	sports	2.14,	low	physical	
activity	2.18	

Tammelin	et	
al.	(2004)		

2834	M,	2872	
F,	adolescents	
initially	aged	
14	yr	

17	yr	 Remaining	active	vs.	becoming	
inactive,	odds	ratio	of	being	
overweight	(M)	1.49,	obesity	
(M)	1.53,	1.51	(F),	severe	
abdominal	obesity	(F)	1.80	

Education,	occupational	PA,	
alcohol,	smoking,	BMI	at	age	14	yr,	
maternal	BMI	and	parity	
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exercise	habits	of	their	parents.	
Brownell	 and	 Kaye	 (1982)	 evaluated	

the	 effects	 of	 combined	 in-school	
behavioural	 modification	 and	 nutritional	
education	 plus	 an	 adaptation	 of	 the	
standard	 school	 physical	 activity	
programme	(with	an	emphasis	upon	daily	
non-competitive	 games	 and	 aerobic	
exercise)	 in	 63	 obese	 children	 initially	
aged	 5-12	 yr.	 Initially,	 34%	 of	 the	 group	
were	 overweight.	 Over	 10	 weeks	 of	
observation,	body	mass	was	reduced	by	an	
average	 of	 4.4	 kg,	with	 60	 of	 63	 children	
replacing	their	previous	steady	increase	in	
weight	 by	 a	 reduction	 of	 body	 mass.	 In	
contrast,	 only	 3	 of	 14	 untreated	 children	
showed	a	decrease	of	body	mass	over	the	
same	interval.	
Collipp	 (1975)	 involved	 25	 children	

initially	 aged	 9-10	 yr	 in	 a	 two-phase	
programme.	In	the	first	phase	of	6	weeks,	
they	 received	 only	 increased	 physical	
activity,	 and	no	change	of	body	mass	was	
seen.	In	the	second	phase,	also	of	6	weeks	
duration,	 physical	 activity	 was	 combined	
with	 dietary	 restriction,	 and	 their	 body	
mass	then	decreased	by	5	kg.	
Davison	and	Birch	(2011)	 followed	 the	

BMI	of	197	girls	who	were	initially	5	yr	old	
over	a	2-year	period.	Increases	in	the	BMI	
of	 these	 children	 were	 not	 significantly	
correlated	with	the	mother's	rating	of	 the	
child's	habitual	physical	activity	relative	to	
that	 of	 her	 peers,	 although	 there	 was	 a	
significant	 association	 between	 the	
increase	 of	 BMI	 and	 the	 parents'	 own	
interests	 in	 physical	 activity.	 Other	
significant	 correlates	 of	 gains	 in	 BMI	
included	 the	 child's	 initial	 BMI,	 the	
increase	 of	 BMI	 in	 the	mother	 over	 the	 2	
yr	of	observation,	 and	 the	 father's	energy	
intake.	
Kimm	et	 al.	 (2001)	 looked	 for	possible	

differences	 in	 the	development	of	 obesity	
between	 "white"	 and	 black"	 girls.	 In	 both	

ethnic	 groups,	 the	 main	 determinant	 of	
body	fat	content	was	the	individual's	stage	
of	 sexual	maturation.	 	 Three-day	physical	
activity	 diaries	were	 collected	 from	 2379	
girls	 who	 were	 initially	 aged	 9-m10	 yr.	
However,	 the	 extent	 of	 physical	 activity	
reported	 (MET-min/day)	 was	 not	
significantly	 related	 to	 changes	 in	 skin-
fold	thickness	over	the	10	yr	of	follow-up.		
Mamalakis	 et	 al.	 (2000)	 obtained	

parental	 reports	 on	 the	 habitual	 physical	
activity	 of	 6-year	 old	 children	 (466	 boys	
and	 424	 girls).	 Again,	 this	 data	 was	
unrelated	 to	 body	 mass	 index,	 skin-fold	
thicknesses	 or	 waist-hip	 ratios	 as	
determined	when	the	children	reached	the	
ages	of	9	and	12	yr.	
O'Loughlin	 et	 al.	 (2000)	 studied	

excessive	 weight	 gain	 in	 2318	 children	
initially	 aged	9-12	yr	who	were	 recruited	
from	 low-income,	 multi-ethnic	
neighbourhoods.	 In	 boys,	 the	 only	
predictor	 of	 excessive	 weight	 gain	 was	
baseline	BMI,	but	in	girls	effects	were	also	
seen	 from	 the	 absence	 of	 involvement	 in	
sports	outside	of	school,	(odds	ratio	2.14)	
and	a	low	overall	level	of	physical	activity	
as	 seen	 in	 a	 7-day	 recall	 physical	 activity	
questionnaire	(odds	ratio	2.18).	
Tammelin	et	al.	(2004)	recruited	a	large	

sample	 of	 14-year	 old	 students	 (2834	
males,	 2872	 females).	 Over	 a	 17-year	
follow-up,	 those	 who	 persisted	 with	
physical	 activity	 were	 compared	 with	
those	who	had	become	physically	inactive.	
Among	 the	 latter	 group,	 the	 odds	 of	
becoming	 overweight	 and	 obese	 were,	
respectively,	 1.49	 and	 1.53	 for	 male	 and	
female	 students,	 and	 the	 odds	 of	
developing	severe	abdominal	obesity	were	
1.51	 and	 1.80	 relative	 to	 those	 who	 had	
maintained	an	active	lifestyle.	
In	 summary,	 5	 of	 8	 reports	 based	 on	

subjective	 determinations	 of	 habitual	
physical	 activity	 found	 no	 association	 of	
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such	data	with	subsequent	weight	gain,	as	
opposed	 to	 3	 reports	 of	 such	 an	
association	 (one	 of	 these	 three	 being	 in	
girls	only).		
	
Studies	with	objective	ratings	of	physical	
activity.		
Objective	 ratings	 of	 habitual	 physical	

activity	 have	 substantially	more	 accuracy	
than	 subjective	 assessments	 (Table	 5).	
However,	one	common	source	of	objective	
data	 (the	 use	 of	 pedometers	 and	
accelerometers)	 also	 fails	 to	 record	
substantial	 segments	 of	 childhood	
physical	 activity,	 including	 the	 effort	
involved	in	walking	up	hills,	cycling	to	and	
from	school	 and	 swimming.	Nevertheless,	
a	 review	 of	 pedometer	 readings	 and	
measures	 of	 adiposity	 in	 children	 and	
adolescents	 (Miguel-Berges,	 Reilly,	
Moreno	Aznar,	 and	 Jiménez-Pavón,	 2018)	
noted	 that	 30	 of	 36	 studies	 showed	
significant	negative	relationships	between	
the	two	variables.	
Butte	 et	 al.	 (2007)	 studied	

accelerometer	records	for	897	normal	and	
overweight	 Hispanic	 children	 and	
adolescents	aged	4-19	yr.	Physical	activity	
levels	 declined	 in	 all	 students	 over	 the	
period	 of	 observation,	 but	 students	 who	
sustained	>60	min	per	day	of	moderate	or	
vigorous	 physical	 activity	 were	 not	
consistently	 less	 obese	 than	 their	 more	
sedentary	 peers,	 suggesting	 the	
importance	 of	 diet	 in	 the	 genesis	 of	
obesity.	
Byrd-Williams	 et	 al.	 (2008)	 measured	

the	 treadmill	 maximal	 oxygen	 intake	 of	
160	 overweight	 Hispanic	 youth,	 initially	
aged	an	average	of	11.2	yr.	Over	a	follow-
up	 of	 4	 yr,	 the	 initial	 aerobic	 power	
(presumably	 in	 part	 a	 surrogate	 of	
habitual	 physical	 activity)	 was	 inversely	
related	 to	gains	of	 fat	mass	 in	 the	boys,	 a	
15%	higher	 initial	maximal	oxygen	 intake	

equating	 to	 a	 1.4	 kg	 smaller	 increase	 in	
body	fat	content	over	the	study.	However,	
no	such	relationship	was	seen	in	the	girls.	
Most	 girls	 had	 a	 poor	 initial	 aerobic	
fitness,	 and	 it	 was	 suggested	 that	 in	 this	
group	food	intake	played	a	more	role	than	
habitual	 physical	 activity	 in	 determining	
gains	in	body	fat	content.		
Byrd-Williams	 et	 al.	 (2010)	 examined	

38	 initially	 obese	 adolescents	 aged	 15-16	
yr;	 an	 exercise	 intervention	 failed	 to	
increase	 daily	 physical	 activity	 in	 the	
group	as	a	whole,	so	attention	was	focused	
on	 those	 members	 of	 the	 group	 who	
themselves	decided	to	increase	their	daily	
physical	 activity	 by	 28%	 (~1	MJ/day),	 as	
verified	 by	 7-day	 accelerometer	 readings.	
Over	 16	 weeks	 of	 observation,	 these	
individuals	 showed	 a	 1.4	 kg	 (0.8%)	
decrease	 in	 their	 body	 fat	 content,	
Danielson	 et	 al.	 (2018)	 followed	 204	
children	 initially	 aged	 ~p.8	 yr	 for	 2	 yr.	
Gains	of	body	fat	as	determined	by	dual	x-
ray	absorptiometry	were	related	to	 initial	
physical	 activity	 (4-day	 accelerometer	
recordings),	aerobic	fitness	as	determined	
by	 a	 cycle	 ergometer	 test	 carried	 to	
voluntary	 exhaustion,	 and	 initial	 levels	 of	
abdominal	and	total	body	fat.	
Johnson	et	al.	 (2000)	made	tests	on	95	

children	 who	 were	 initially	 aged	 ~	 8	 yr,	
retesting	 them	 annually	 for	 3-5	 yr.	
Increases	 of	 body	 fat	 as	 determined	 by	
dual	x-ray	absorptiometry	over	this	period	
were	 strongly	 related	 to	 initial	 body	
fatness,	and	were	also	inversely	related	to	
aerobic	power	and	gains	of	aerobic	power	
(assessed	 by	 treadmill	 walking	 to	
exhaustion,	 and	 expressed	 in	 L/min),	 but	
increases	 of	 body	 fat	 content	 were	
unrelated	 to	measures	 of	 habitual	 energy	
expenditure	 as	 assessed	 by	 the	
metabolism	of	doubly-labeled	water.	
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Table	5:	Relationship	between	objectively	monitored	physical	activity	and	obesity	in	older	children.	
	
Author	 Subjects	 Programme	 Findings	 Comments	
Butte	et	
al.	(2007)		

897	U.S.	Hispanic	
children	and	
adolescents	aged	
4-19	yr	

3-5	day	recordings	
of	physical	activity	
by	accelerometer	

%	of	subjects	taking	>60	
min/day	of	mod.	or	
vigorous	physical	activity	
not	consistently	related	
to	risk	of	obesity	

?	diet	important	in	
genesis	of	obesity	

Byrd-
Williams	
et	al.	
(2010)		

38	initially	obese	
adolescents	

28%	increase	of	
habitual	physical	
activity	verified	by	
7-d	accelerometry	

1.4	kg	loss	of	fat	mass	
over	16	weeks		

	

Byrd-
Williams	
et	al.	
(2008)	

160	overweight	
Hispanic	youth	
initially	aged	
~11.2	yr	

Treadmill	maximal	
oxygen	uptake	

Over	4	yr	follow-up,	15%	
higher	maximal	oxygen	
uptake	equates	to	1.4	kg	
less	gain	of	fat	mass	in	
boys	

Gain	of	fat	unrelated	to	
initial	aerobic	power	in	
girls	

Danielson	
et	al.	
(2018)	

204	children	
initially	aged	
~9.8	yr.	

2	yr	 Phys	activity,	physical	
fitness	and	initial	body	
fat	all	predicted	gains	of	
fat	as	measured	by	DXT	

Accelerometry	and	
cycle	ergometer	test	

Johnson	
et	al.		
(2000)	

95	children	
initially	aged	4.6-
11.0	yr	

Annual	assessments	
for	3-5	yr	

Gains	of	body	fat	related	
to	initial	body	fat	and	
aerobic	fitness,	but	not	to	
physical	activity	as	
assessed	by	doubly-
labeled	water	

Treadmill	walk	to	
exhaustion	

Metcalf	et	
al.	(2008)		

307	children	
initially	aged	5	yr	

Four	7-day	
accelerometer	
records,	subjects	
followed	annually	
for	3	yr	

BMI,	5	skin-folds,	&	waist	
circumference	all	
unrelated	to	physical	
activity	

	

	Moore	et	
al.	(2003)		

103	children,	
initially	aged	4	yr	

Physical	activity	
monitored	by	
Caltrac	
accelerometer	for	8	
yr	

Upper	physical	activity	
tertile	gained	less	BMI	
and	skin-fold	thicknesses	

At	age	11	yr,	average	
skin-fold	14.8	mm	vs.	
19.0	mm	

Raustorp	
et	al.	
(2006)		

93	children	
initially	aged	12-
14	yr	

Pedometer	counts	
over	3	yr	follow-up	

Decrease	of	count	
associated	with	increase	
of	BMI	

Self-esteem	important	
to	maintenance	of	
physical	activity	in	girls	

Riddoch	
et	al.	
(2009)		

	7159	children	
initially	aged	12	

2	yr	 DXT	body	fat	at	age	14	
less	
(-11.9%	in	boys,	-9.8%	in	
girls)	if	taking	>15	
min/day	of	moderate	to	
vigorous	physical	activity	

Accelerometry	data	

Treuth	et	
al.	(2003)		

88	normal	
weight	girls	
initially	aged	8-9	
yr	

Body	composition	
followed	for	2	yr	

	Parental	obesity	a	strong	
predictor;	negative	
relation	of	body	fat	to		
24	h	energy	expenditure	
and	peak	oxygen	intake	

24	h	calorimetry	and	
doubly-labeled	water	
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Metcalf	 et	 al.	 (2008)	 enrolled	 307	
children	who	were	 initially	aged	5	yr	 in	a	
programme	 intended	 to	 evaluate	 the	
appropriateness	 of	 governmental	
minimum	physical	activity	guidelines	from	
the	viewpoint	of	metabolic	health.	Activity	
levels	 were	 assessed	 by	 annual	 7-day	
accelerometer	 records	 until	 the	 children	
reached	the	age	of	8	yr.		Less	than	a	half	of	
the	boys,	and	only	one	in	eight	of	the	girls	
met	the	current	minimum	weekly	physical	
activity	recommendations.	Despite	a	small	
inverse	association	with	overall	metabolic	
health,	 the	 average	 of	 the	 4	 physical	
activity	assessments	showed	no	significant	
differences	 in	 several	 measures	 of	
increasing	 obesity	 (BMI,	 waist	
circumferences,	 and	 the	 sum	 of	 5	 skin-
folds)	 between	 children	 with	 low	 and	
higher	accelerometer	counts,	and	likewise	
there	 were	 no	 significant	 correlations	
between	 markers	 of	 obesity	 and	 the	
minutes	 per	 day	 that	 individual	 children	
spent	at	an	intensity	of	activity	>	3	METs.	
Moore	 et	 al.	 (2003)	 obtained	 objective	

data	 on	 the	 physical	 activity	 patterns	 of	
103	 children,	 using	 a	 Caltrac	
accelerometer.	 The	monitor	was	 typically	
worn	for	3-5	d,	twice	per	year.	Over	8	yr	of	
observation,	 beginning	 at	 an	 age	 of	 4	 yr,	
those	 in	 the	 upper	 tertile	 of	 physical	
activity	 (with	 50%	 greater	 physical	
activity	 counts)	 had	 smaller	 gains	 of	 BMI	
and	 skin-fold	 thicknesses	 than	 the	
remaining	 students;	 their	 health	
advantage	first	appeared	at	the	age	of	6	yr,	
and	developed	progressively	with	time.	By	
the	age	of	11	yr,	the	average	of	5	skin-fold	
readings	was	14.8	mm	for	the	most	active	
tertile,	 as	 compared	with19.0	mm	 for	 the	
least	 active	 tertile.	 There	 were	 parallel	
differences	 of	 final	 BMI	 between	 the	
highest	 and	 lowest	 tertiles	 (18.6	 vs.	 20.3	
kg/m2).	

Raustorp	 et	 al.	 (2006)	 followed	 93	
children	initially	aged	12	to	14	yr	for	3	yr.	
Most	 students	 showed	 a	 substantial	
decrease	 of	 daily	 physical	 activity	 over	
this	 period,	 pedometer	 step	 counts	
decreasing	 by	 an	 average	 of	 2547	
steps/day,	and	this	change	was	associated	
with	 a	 1.9	 kg/m2	 increase	 of	 BMI.	 In	 the	
girls,	 a	 good	 self-image	was	 important	 to	
maintenance	of	a	high	daily	step-count.	
Riddoch	 et	 al.	 (2009)	 collected	

accelerometer	 data	 on	 7159	 children	 at	
the	 age	 of	 12	 yr.	 Two	 years	 later,	 those	
practicing	 at	 least	 15	 min	 of	 moderately	
vigorous	 physical	 activity	 per	 day	 had	
lower	 levels	 of	 body	 fat	 as	 measured	 by	
dual	x-ray	absorptiometry	than	those	who	
did	 not	 meet	 this	 standard	 (-11.9%	 in	
boys,	-9.8%	in	girls)	.	
Treuth	et	al.	(2003)	followed	88	normal	

weight	 girls	 initially	 aged	 8-9	 yr	 for	 2	
years,	 observing	 a	 strong	 influence	 of	
parental	 obesity	 on	 the	 accumulation	 of	
body	 fat	 over	 this	 period.	 	 The	 peak	
oxygen	 intake	 and	 the	 24-hour	 energy	
expenditure	 as	 measured	 by	 doubly	
labeled	water	were	both	inversely	related	
to	the	accumulation	of	body	fat.	
In	 summary,	 perhaps	 in	 part	 because	

levels	 of	 habitual	 physical	 activity	 were	
measured	 more	 accurately	 when	 using	
accelerometers	 or	 similar	 objective	
recording	 devices,	 habitual	 physical	
activity	 had	 a	 positive	 effect	 upon	 the	
subsequent	 accumulation	 of	 body	 in	 8	 of	
10	investigations.	
	 	
Studies	 with	 group	 assignment	 of	
physical	activity	patterns.		
Most	group-assignment	studies	in	older	

children	 and	 adolescents	 have	 attempted	
to	increase	the	habitual	physical	activity	of	
participants	 by	 modifying	 traditional	
school	 physical	 education	 programmes	
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(Table	 6).	 One	 review	 of	 school-based	
trials	found	12	controlled	investigations.	 
There	 was	 a	 greater	 impact	 upon	

obesity	 in	 the	 intervention	 than	 in	 the	
control	 group	 in	 11	of	 these	 trials	 (Story,	
1999).	However,	often	the	improvement	in	
body	 composition	 reported	for	 the	
children	 who	 were	 more	 active	 was	
relatively	small.	
Ara	 et	 al.	 (2006)	 compared	 26	 active	

and	 16	 inactive	 boys,	 initially	 aged	 ~9.4	
yr.	 Over	 a	 3-year	 period,	 the	 active	 boys	
practiced	sports	at	least	3	times	per	week.	
Levels	 of	 body	 fat	 content	 were	
determined	 by	 dual	 energy	 x-ray	
absorptiometry.	 Both	 groups	 of	 students	
became	 fatter	 as	 puberty	 approached.	
However,	 the	 final	 values	 showed	 an	
advantage	 to	 the	 active	 boys	 in	 terms	 of	
both	 smaller	 percentage	 increases	 in	 the	
amount	 of	 body	 fat	 (+45.7%	 versus	
66.1%)	 and	 in	 the	 absolute	 body	 fat	
content	(9.4%	vsersus11.0%).	
Caballero	 et	 al.	 (2003)	 involved	 1704	

American	Indian	students	from	Grades	3-5	
in	 a	 controlled	 3-year	 trial.	 The	 study	
compared	 responses	 to	 the	 standard	
educational	 programme	 with	 an	
intervention	 where	 teachers	 sought	 to	
increase	 habitual	 physical	 activity	
(providing	 3	 additional	 30-minute	
physical	 education	 classes	 per	 week),	 to	
improve	diet	and	to	involve	the	families	of	
the	 children	 in	 general	 health	
maintenance.	 	 The	 intervention	 induced	
little	 change	 in	 the	 daily	 physical	 activity	
of	 the	 experimental	 subjects,	 as	 assessed	
by	 a	motion	 sensor,	 and	 perhaps	 for	 this	
reason	 they	 showed	 no	 significant	
differences	 in	 their	 final	 BMI	 or	 skin-fold	
readings	relative	to	findings	in	the	control	
group.	 The	 daily	 energy	 intake	 of	 the	
experimental	 students	 was	 reported	 as	
reduced	 on	 a	 24-hour	 dietary	 recall,	 but	

this	 was	 not	 confirmed	 by	 direct	
observation	of	the	study	participants.	
Christiakis	 et	 al.	 (1996)	 followed	 82	

boys	initially	aged	13-14	yr	for	18	months.	
The	 intervention	 group	 received	
nutritional	guidance	and	participated	 in	a	
physical	 fitness	programme;	 they	 showed	
an	average	3.5	kg	decrease	 in	body	mass,	
but	 this	 was	 limited	 largely	 to	 those	
members	 of	 the	 group	who	 initially	were	
obese	(>30%	excess	body	mass).	 	
Finkelstein	 et	 al.	 (2013)	 enrolled	 285	

students	 aged	 6-12	 yr	 in	 a	 clustered	
randomized	 controlled	 study.	 The	
intervention	group	was	set	an	incentivized	
daily	 pedometer	 target	 reading,	 and	
additional	 physically	 active	 weekend	
events	were	 arranged	 for	 them	 (although	
the	 latter	 were	 poorly	 attended).	 The	
intervention	 group	 increased	 their	 step	
count	by	~1000	paces	per	day	relative	 to	
the	 controls,	 but	 after	 9	 months,	 the	
average	 BMI	 of	 these	 students	 did	 not	
differ	 significantly	 from	 that	 of	 the	
controls.	 As	 in	 several	 of	 the	 studies	
discussed	here,	no	more	specific	measures	
of	fat	accumulation	were	obtained.		
Foster	 et	 al.	 (1985)	 evaluated	 a	 peer-

led	 obesity	 prevention	 and	 treatment	
programme	 in	 89	 obese	 children	 from	
grades	 2-5.	 Over	 12	weeks,	 the	 provision	
of	 advice	 on	 diet	 and	 physical	 activity	
yielded	a	0.15	kg	decrease	of	body	mass	in	
the	 intervention	group,	as	compared	with	
a	 gain	 of	 1.3	 kg	 in	 control	 students.	 The	
intervention	 group	 also	 showed	 an	
improvement	in	self-concept.		
Gorely	 et	 al.	 (2009)	 had	 589	 children	

aged	 7-11	 yr	 participate	 in	 a	 controlled	
trial	of	a	multi-phasic	attempt	 to	 increase	
their	 habitual	 physical	 activity.	 Teachers	
of	 the	 intervention	 group	were	 given	CD-
rom	 instruction	 in	 health	 education,	 and	
an	interactive	web	site	was	developed	for	
the	 pupils.	 Highlight	 physical	 activity	
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events	 were	 arranged,	 a	 local	 media	
campaign	 was	 held	 at	 intervention	
schools,	 and	 a	 summer	 physical	 activity	
planner	 was	 offered	 to	 the	 experimental	
students.	 At	 the	 end	 of	 10	 months,	 the	
level	 of	 physical	 activity	 in	 the	
intervention	 group	 had	 increased	 by	 a	
modest	9	min	per	day,	as	compared	with	a	
10	 minute/day	 decrease	 in	 the	 control	
students,	and	there	were	final	inter-group	
differences	 in	 pedometer	 counts	 of	 1500	
steps/day.	 There	 were	 also	 lesser	
increases	of	a	skin-fold	prediction	of	body	
fat	(0.9%	versus	1.8%	over	the	year),	BMI	
(0.4	 versus	 0.9	 kg/m2)	 and	 waist	
circumference	 (0.8	 cm	 versus	 2.8	 cm)	 in	
the	 intervention	 group	 relative	 to	 the	
controls.	
Hollis	 et	 al.	 (2016)	 carried	 out	 a	

randomized	 controlled	 trial	 of	 physical	
activity	 on	 1051	 grade	 7	 students	 drawn	
from	an	economically	disadvantaged	area.	
At	 12	 and	 24	months	 of	 follow-up,	 those	
involved	in	the	physical	activity	arm	of	the	
trial	 demonstrated	 an	 advantage	 of	 body	
mass	(-0.62	kg)	and	of	BMI	(-0.28	kg/m2)	
relative	to	the	control	group.	
Jetté	et	al.	 (1977)	examined	 the	effects	

of	 extracurricular	 sports	 activity	 on	 a	
small	group	of	adolescent	males	aged	~15	
yr.	 Biweekly	 lacrosse	 games	 of	 ~45	 min	
duration	were	organized	for	5	months,	but	
participation	 in	 these	 games	 yielded	 no	
advantages	 of	 skin-fold	 thicknesses	 or	
body	 mass	 relative	 to	 control	 students.	
There	were	also	no	favourable	changes	 in	
self-concept	 as	 a	 result	 of	 the	 sport	
participation.	
Kain	 et	 al.	 (2004)	 assigned	 Chilean	

primary	 school	 children	 between	 an	
intervention	 (n	 =	 2141)	 and	 a	 control	
group	(n	=	945).	Those	in	the	intervention	
group	received	dietary	advice	and	90	min	
of	additional	physical	activity	per	week	for	
6	 months.	 Those	 of	 both	 sexes	 in	 the	

intervention	 group	 showed	 improved	
aerobic	fitness,	as	assessed	by	scores	on	a	
20	 metre	 shuttle-run.	 Body	 composition	
did	 not	 change	 in	 the	 girls;	 the	 boys	
showed	 a	 decrease	 of	 average	 waist	
circumference	 (-0.9	 cm	 versus	 +0.9	 cm),	
although	 there	 was	 no	 significant	
decrement	 in	 triceps	 skin-fold	 readings	 (-
0.5	 mm	 versus	 	 -0.9	 mm)	 relative	 to	 the	
control	group.	
Lansky	and	Brownell	(1982)	compared	

the	 effects	 of	 behavioural	 modification	
with	a	programme	that	combined	physical	
activity	 and	 nutritional	 education	 in	 71	
obese	 adolescents	 aged	 12-15	 yr.	 The	
subjects	 were	 initially	 on	 average	 57%	
over	 their	 ideal	 body	 weight.	 Eighteen	
meetings	were	attended	over	three-and-a-
half	 months;	 this	 led	 to	 an	 average	 3.0%	
decrease	 in	 excess	 body	 mass	 with	 the	
behavioural	 approach,	 and	 of	 2.1%	 with	
the	 exercise/nutritional	 intervention.	 The	
authors	 speculated	 that	 the	 better	
response	 to	 the	behavioral	 approach	may	
have	 reflected	 a	more	 structured	 form	 of	
teaching.	 Lansky	 and	 Vance	 (1983)	
reported	 a	 further	 trial	 of	 a	 behavioural	
intervention.	 This	 focused	 on	 increasing	
physical	activity	and	improving	the	eating	
habits	 of	 55	 overweight	 students	 aged	
~13	 yr.	 Forty-five	 minute	 sessions	 were	
held	 weekly	 for	 12	 weeks;	 at	 the	 end	 of	
this	 period,	 the	 excess	 weight	 of	 the	
intervention	 students	 had	 decreased	 by	
5.7%,	 as	 compared	 with	 an	 increase	 of	
2.4%	 in	 the	 control	 subjects.	 The	 authors	
noted	that	the	involvement	of	parents	was	
important	 to	 the	 success	 of	 their	
programme.		
Mcmurray	et	al.	(2002)	studied	a	group	

of	 1140	 youth	 aged	 11-14	 yr.	 Students	
divided	 between	 four	 groups,	 enrolled	 at	
different	 schools.	 One	 group	 received	 30	
min	of	varied	aerobic	training,	3	times	per	
week,	 a	 second	 group	 was	 assigned	 to	 a	
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health	 education	 programme,	 and	 a	 third	
group	 received	 both	 of	 these	 treatments.	
At	 the	 end	 of	 8	 weeks,	 all	 four	 groups	
showed	 some	 increase	 in	 skin-fold	
readings,	 but	 increments	were	 smaller	 in	
those	 receiving	 aerobic	 exercise	 (average	
1.4	 mm)	 or	 the	 combined	 treatment	 (0.9	
mm)	 than	 in	 the	 educational	 group	 (1.9	
mm)	or	the	controls	(3.7	mm).	There	were	
no	 inter-group	 differences	 in	 changes	 of	
BMI,	 but	 the	 2	 groups	 receiving	 the	
aerobic	 exercise	 also	 showed	 small	
increments	 of	 maximal	 oxygen	 intake	 as	
predicted	 from	 a	 sub-maximal	 cycle	
ergometer	 test.	 The	 authors	 did	 not	
comment	 on	 why	 the	 exercised	 students	
became	 fatter;	 this	 probably	 reflected	 in	
part	 pubertal	 changes,	 but	 in	 view	 of	 the	
short	nature	of	the	study,	seasonal	effects	
may	also	have	been	at	play.	
Neumark	 Sztainer	 et	 al.	 (2003)	

evaluated	 a	 multi-component	 physical	
education	 programme	 in	 201	 adolescent	
girls	 aged	15-16	yr.	 Students	drawn	 from	
6	 schools	 were	 randomized	 between	 an	
intervention	 and	 a	 control	 group.	 The	
intervention	 was	 designed	 to	 make	 the	
larger	 girls	 feel	 comfortable	 when	 they	
were	being	physically	active,	and	specially	
adapted	 exercise	 classes	 were	 held	 in	
place	 of	 the	 regular	 co-ed	 physical	
education	programme.	Observations	were	
made	 initially,	 after	 16	 weeks	 of	
intervention,	 and	 8	 months	 later.	 The	
special	physical	activity	classes	were	held	
4	 times	 per	 week,	 and	 they	 were	
supplemented	 by	 social	 support	 (offered	
on	 alternate	 weeks)	 and	 by	 nutritional	
guidance	 (also	 provided	 on	 alternate	
weeks).	The	 intervention	group	showed	a	
slight	 increase	 in	 their	 overall	 physical	
activity,	 and	 a	 small	 decrease	 of	
sedentarity	 both	 post-intervention	 and	 at	
the	 8-month	 follow-up,	 but	 there	 was	 no	

inter-group	difference	of	BMI	at	the	end	of	
the	intervention.	
Pangrazi	 et	 al.	 (2003)	 enrolled	 606	

Arizonan	Grade	4	students	in	a	trial	where	
one	third	of	the	group	were	encouraged	to	
engage	 in	 30-60	 min	 per	 day	 of	 self-
monitored	moderate	and	vigorously	active	
play,	one	 third	supplemented	this	play	by	
a	 variable	 amount	 of	 physical	 education,	
and	 the	 remaining	 students	 served	 as	
controls.	 The	 play	 and	 the	 combined	
options	 achieved	 similar	 pedometer	
counts	 (12,598	 versus	 12,763	 steps/day,	
versus	 11,180	 steps/day	 in	 the	 control	
subjects,	 but	 neither	 initiative	 produced	
any	 improvement	 in	 the	body	mass	 index	
relative	to	controls	over	the	12-week	trial.	
Ruppenthal	 and	 Gibbs	 (1979)	 carried	

out	a	small-scale	study	on	14	intervention	
and	28	control	students	 from	Grade	1;	all	
were	 initially	 obese.	 Over	 a	 5-month	
programme	 that	 included	45	min	per	day	
of	 physical	 education	 and	 nutritional	
counselling,	 the	 average	 excess	weight	 of	
the	 students	 decreased	 from	 19.1%	 to	
7.8%	of	height	and	age	norms.	
Sahota	 et	 al.	 (2004)	 undertook	 a	

randomized	 controlled	 trial	 of	 an	 obesity	
and	lifestyle	education	programme	on	634	
British	school	children	aged	7-11	yr.	Over	
a	 9-month	 period	 the	 intervention	
produced	 modest	 increases	 in	 vegetable	
consumption,	 but	 no	 changes	 of	 physical	
activity	(as	assessed	by	a	questionnaire	on	
the	 sport	 and	 physical	 activity	 students	
had	undertaken	over	the	previous	week).	
Sallis	 et	 al.	 (2003)	 involved	 1109	

middle-school	 students	 in	 a	 controlled	
study	 to	 assess	 an	 intervention	 that	 was	
intended	 to	 increase	 the	 amount	 of	
vigorous	physical	activity	undertaken	both	
in	 formal	 physical	 education	 classes	 and	
informally	 throughout	 the	 school	 day.	
Over	 a	 2-year	 period,	 observers	 using	
special	 software	 noted	 that	 the	 physical	



Exercise	and	Obesity:	Longitudinal	Data	

 

Health	&	Fitness	Journal	of	Canada,	ISSN	1920-6216,	Vol.	12,	No.	3	⋅	September	30,	2019	⋅	23	

activity	of	all	students	declined.	There	was	
a	 significantly	 smaller	 decrease	 of	
moderately	 vigorous	 physical	 activity	 per	
day	in	the	boys	(-15	vs.	-18	units/day)	but	
not	 in	 the	 girls	 from	 the	 intervention	
group;	 however,	 neither	 sex	 showed	 any	
decrease	 of	 body	 mass	 index	 relative	 to	
control	students.	
Schofield	 et	 al.	 (2005)	 studied	 a	 group	

of	 "low-active"	 adolescent	 girls,	 aged	
~15.8	 yr;	 these	 were	 assigned	 between	
three	 groups.	 One	 group	 followed	 a	
pedometer-based	 exercise	 prescription,	 a	
second	 were	 given	 a	 time-based	 exercise	
prescription,	 and	 the	 third	 served	 as	
controls.	 After	 12	 weeks,	 both	 of	 the	
intervention	 groups	 had	 increased	 their	
daily	activity	by	an	average	of	2000-2500	
steps/day,	 as	 determined	 by	 4-day	
pedometer	 records.	 But	 (perhaps	 in	 part	
because	 of	 a	 relative	 short	 period	 of	
observation),	 there	 were	 no	 inter-group	
differences	of	BMI.		
An	 early	 report	 by	 Seltzer	 and	 Mayer	

(1970)	looked	at	the	needs	of	obese	public	
school	 children	 (48	 boys	 in	 grades	 4-6,	
and	141	girls	 in	grades	4-9	year,	with	the	
sample	 being	 on	 average	 40%	
overweight).	 The	 existing	 physical	
education	 programme	 was	 judged	 as	
unsuited	 to	 the	 needs	 of	 obese	 children,	
and	 specially--trained	 teachers	 instituted	
a	 programme	 that	 emphasized	 sustained	
vigorous	aerobic	activity,	 and	encouraged	
the	 taking	 of	 additional	 exercise	 at	 the	
weekends.	Responses	of	 the	experimental	
students	 were	 compared	 with	 data	 for	 a	
similar	 number	 of	 non-participants.	 Over	
5	 months,	 the	 programme	 was	 relatively	
successful	 in	 moderating	 body	
composition	 for	 the	 boys,	 with	 the	
increase	 in	 body	mass	 limited	 to	 1.34kg	 ,	
as	 compared	 with	 2.99	 kg	 in	 the	 control	
students.	However,	in	the	girls	programme	
benefits	 were	 much	 smaller.	 	 Girls	 from	

grades	 4-6,	 showed	 a	 2.50	 kg	 increase	 in	
body	 mass,	 as	 compared	 to	 2.90	 kg	 in	
controls,	 with	 skin-folds	 increasing	 by	
0.17	 mm	 versus	 0.20	 mm,	 while	
corresponding	 numbers	 for	 those	 from	
grades	 7-9	 were	 1.71	 kg	 versus	 2.64	 kg	
and		-0.08	mm	versus		+0.72	mm.	
The	 Trois	 Rivières	 regional	 study	

(Shephard	 and	 Lavallée,	 1993)	 was	
successful	 in	 completing	 a	 six-year	 quasi-
experimental	 study	 of	 additional	 physical	
activity	in	546	primary	school	students.	
An	 agreement	with	 the	 parents	 and	 local	
school	boards	allowed	some	classes	at	 an	
urban	 and	 a	 semi-rural	 school	 to	 be	
assigned	 to	 an	 experimental	 programme	
where	 all	 students	 received	 an	 hour	 of	
specialist-taught	 physical	 education	 per	
day,	 while	 students	 in	 the	 immediately	
preceding	and	following	classes	continued	
with	 the	 standard	 programme	 of	 only	 a	
nominal	 40	min	 of	 physical	 activity	 twice	
per	week,	 led	 by	 the	 home-room	 teacher.		
The	 experimental	 students	 pursued	 a	
variety	of	physical	activities	in	the	aerobic	
training	zone	throughout	their	classes,	and	
compliance	 with	 this	 requirement	 was	
monitored	 periodically	 by	 telemetric	
recording	 of	 the	 participants'	 heart	 rates.	
Further,	 diary	 records	 showed	 that	 the	
intervention	 group	 made	 no	 substantial	
compensatory	 reduction	 of	 their	 leisure-
time	 physical	 activity	 relative	 to	 control	
students.	 The	 experimental	 group	
progressively	 developed	 greater	 aerobic	
power,	 muscular	 strength	 and	 physical	
performance	 than	 students	 in	 the	 control	
group,	 but	 they	 showed	 little	 advantage	
over	 the	 controls	 in	 terms	 of	 body	 fat	
content.	 The	 main	 reasons	 for	 this	 were	
that	 few	 students	 in	 either	 group	 were	
initially	 obese,	 and	 the	 experimental	
programme	did	not	exert	any	control	over	
the	diet	provided	at	home.	
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Table	6:	Relationship	between	physical	activity	and	obesity	as	seen	in	longitudinal	studies	of	older	
children	and	adolescents	assigned	to	specific	groups.	
	

Authors	 Subjects	 Programme	 Findings	 Comments	
Ara	et	al.	(2006)	 26	active	vs.16	

inactive	
children,	
initially	aged	
~9.4	yr	

>3	h/wk	of	sports	activity,	no	
dietary	change	

After	3	yr,	final	values	of	fat	mass	
by	DXT	9.4%	vs.	11.0%		

	

Caballero	et	al.	
(2003)	

1704	American	
Indian	
children,	
grades	3-5	

Controls	vs.	programme	to	
increase	physical	activity,	
improve	diet	&	involve	
families	in	health	

Reduced	energy	intake,	reduced	
body	fat,	but	little	change	of	
physical	activity	achieved	

	

Christiakis	et	al.	
(1996)		

82	boys	
initially	aged	
13-14	yr	

18	month	trial	 Net	weight	change	of	3.5	kg	in	
intervention	group,	limited	to	
obese	individuals	(30%	
overweight)	

Random	assignment		

Finkelstein	et	al.	
(2013)		

285	children	
aged	6-12	yr	

Intervention	group	given	
pedometer	target	and	extra	
weekend	physical	activity	

No	significant	advantage	of	BMI	in	
intervention	group	at	9	months		

Clustered	randomized	trial	

Foster	et	al.	
(1985)		

89	overweight	
children	in	
grades	2-5	

12-week	peer-led	advice	on	
physical	activity	and	nutrition	

Weight	loss	0.15	kg,	vs.	1.3	kg	
gain	in	controls	

Self-concept	improved	in	
intervention	group	

Gorely	et	al.	
(2009)		

589	children	
aged	7-11	yr	

Multi-phasic	intervention	to	
promote	physical	activity	

Intervention	group	showed	less	
increase	of	BMI,	waist	
circumference	&	%	body	fat	at	10	
months	

Physical	activity	increased	
9	min/d,	vs.	10	min/d	
decrease,	in	controls	

Hollis	et	al.	
(2016)			

1051	econ.	
disadvantaged	
grade	7	
students	

12	month	and	24	month	(n	=	
985)	physical	activity	
promotion	

Advantages	of	weight	(-0.62	kg)	
and	BMI	(-0.28	kg/m2)	at	12	and	
24	months	relative	to	controls	

Randomized	controlled	
trial		

Jetté	et	al.		
(1977)		

21	obese	male	
students	aged	
~15	yr	

Intervention	group	played	45	
min	lacrosse	biweekly	for	5	
months	

No	difference	in	skin-folds	or	
body	mass	changes	between	
intervention	and	control	groups	

	

Kain	et	al.	
(2004)		

Primary	school	
children,	2141	
intervention,	
945	control	
group	

6	month	physical	activity	and	
nutritional	intervention	

Shuttle-run	score	increased	in	
both	sexes,	boys	improved	BMI	
and	waist	circumference	

Triceps	skin-folds	not	
significantly	decreased	in	
intervention	group	

Lansky	and	
Brownell	(1982)		

71	obese	
adolescents	
aged	12-15	yr,	
57%	over	ideal	
weight	

Behavioural	modification	vs.	
physical	activity	+	nutritional	
education	

18	meetings	over	3.5	months;	
excess	weight	decreased	by	3.0%	
vs.	2.1%	

Better	results	from	more	
structured	behavioural	
programme	

Lansky	and	
Vance	(1983)		

55	overweight	
students		
aged	~	13	yr	

Behavioral	sessions	to	modify	
physical	activity	and	eating	
behaviour,	12	weekly	45	min	
meetings	

Excess	weight	decreased	5.7%,	vs.	
2.1%	increase	in	controls	

Weight	loss	influenced	by	
parental	involvement	

Mcmurray	et	al.	
(2002)		

1140	youth	
aged	11-14	yr	

Aerobics	(30	
	min,	3/wk),	vs.	education	vs.	
education	+aerobics	vs.	
control	

After	8	wks,	increase	of	skin-folds	
in	4	groups	1.4	vs	1.9	vs.	0.9	vs..	
3.7	mm	

No	inter-group	differences	
in	BMI	

Neumark	
Sztainer	et	al.	
{2003)		

201	girls,	
grades	9-12	

Multi-component	physical	ed.	
class	vs.	controls	for	16	
weeks,	8	month	follow-up	

No	inter-group	difference	of	BMI	 Slight	increase	of	physical	
activity,	decrease	of	
sedentarity	post-
intervention	&	at	8-month	
follow	up	

Pangrazi	et	al.	
(2003)		

606	Grade	4	
students	

Play	vs.	Physical	ed.	+	Play	vs.	
control	

Pedometer	counts	12,763	vs.	
12,598	vs.	11,180	steps/d	

No	inter-group	differences	
of	BMI		

Ruppenthal	and	
Gibbs	(1979)		

Obese	students	
in	Grade	one,	
14	
intervention,	
28	controls	

45	min/day	physical	ed.	plus	
nutritional	advice.	

Decrease	from	average	19.1%	to	
7.8%	overweight	over	5	months	

No	significant	change	of	
obesity	in	control	students	

Sahota	et	al.	
(2004)		

634	children	
aged	7-11	yr	in	
Leeds,	UK	

Obesity-prevention	
programme		

Modest	increase	of	vegetable	
consumption.	No	change	of	
physical	activity	

Questionnaire	on	sport	and	
physical	activity	over	
previous	week	
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Sigmund	 et	 al.	 (2012)	 organized	 a	 2-
year	 non-randomized	 intervention	 with	
176	 children	 in	 grades	 1-3	 (students	 6-9	
yr).	 At	 2	 intervention	 schools,	 judged	 as	
environmentally	 favourable	 to	 physical	
activity	 in	 terms	 of	 the	 school	 and	
neighbouring	 environment,	 additional	
physical	 activity	 was	 promoted	 (physical	
education	 sessions,	 physical	 activity	
breaks	 during	 academic	 class-time,	 a	
longer	 recess,	 and	 post-school	 physical	
activities).	 Pedometer	 or	 accelerometer	
measurements	 demonstrated	 a	
substantially	 higher	 level	 of	 physical	
activity	 in	 the	 two	 intervention	 schools	
than	in	the	2	schools	serving	as	controls	(a	
difference	 of1718	 to	 3247	 steps/day).		
Initially,	 children	 at	 the	 four	 schools	 on	

average	 had	 a	 similar	 body	 composition,	
but	 after	 one	 year,	 the	 odds	 of	 being	
overweight	 or	 obese	was	 3	 times	 greater	
in	 the	 control	 than	 in	 the	 intervention	
schools,	 and	 this	 difference	 was	 even	
greater	after	2	yr	of	follow-up.	
Sollerhed	 and	 Ejlertson	 (2008)	

examined	the	impact	of	increased	physical	
education	 instruction	 upon	 132	 primary	
school	 students	 initially	 aged	 6-9	 yr.	 In	
this	study,	no	constraints	were	place	upon	
diet,	 but	 physical	 education	 classes	 were	
increased	 from	2	 to	4	 times	per	week	 for	
the	intervention	group.	At	the	end	of	3	yr,	
students	in	the	experimental	group	had	an	
advantage	 on	 an	 11-item	 physical	
performance	 test	 battery,	 and	 they	 also	
fared	 better	 in	 terms	 of	 BMI	 (-0.32	 vs.	 +	

Table	6	Continued	
Authors	 Subjects	 Programme	 Findings	 Comments	

Sallis	et	al.	
(2003)		

1109	middle-
school	
students	

Intervention	intended	to	
increase	activity	in	physical	
ed.		and	throughout	school	
day	

Slightly	smaller	decrease	of	phy,	
activity	over	2	yr	in	boys	only,	no	
change	in	body	fat.	

	

Schofield	et	al.	
(2005)	

85	low-active	
girls	aged	
~15.8	yr	

Pedometer	vs.	timed	exercise	
prescription	vs.	control	group	

Over	12	wk,	step	count	increased	
2000-2500	steps/d	with	both	
interventions	

No	inter-group	differences	
of	BMI	at	12	weeks	

Seltzer	and	
Mayer	(1970)		

48	boys	grades	
4-6,	141	girls	
grades	4-9,	
initially	~40%	
overweight	

Enhanced	physical	ed	classes,	
nutritional	education		

Over	>5	months	skin-fold	+0.02	
vs	+2.40	mm	(boys),	+	0.17	vs.	
+0.20,	and	-0.08	vs.		+0.72mm	
(girls)	

Need	to	re-orient	phys	ed.	
away	from	fit	students	

Shephard	and	
Lavallée		(1993)		

546	children	
grades	1-6	

6	yr	 Quasi-experimental	allocation,	5	
h/week	of	aerobic	activity	vs.	
control	

No	inter-group	difference	
in	body	fat	(but	few	obese	
students,	no	control	of	diet)	

Sigmund	et	al.	
(2012)		

176	students,	
grades	1-3	

Pedometer	or	accelerometer	
monitored	activity	
encouraged	in	intervention	
schools	

Odds	of	obesity	after	1	yr	3	times	
greater	in	control	schools	

Environment	favoured	
physical	activity	at	
intervention	schools	

Sollerhed	and	
Ejlertson	(2008)		

132	children	
initially	aged	6-
9	yr	

Physical	ed.		classes	increased	
from	2/wk	to	4/wk	in	
intervention	group	

At	3	yr,	BMI		
-0.32	vs.	+	0.25	kg/m2	
Waist	circumference		
-0.5	vs	+0.4	cm	

Physical	performance	also	
improved	

Story	et	al.	
(2003)		

54	8-10-year-
old	Afro-
American	girls	

After-school	programme	to	
increase	physical	activity,	
healthy	eating	

At	12	wks,	no	difference	of	BMI	or	
DEXA	body	fat	between	
intervention	and	controls	

	

Tanas	et	al.	
(T2007)		

190	
overweight	
children	

Medical	counseling	(n	=	85)	
vs.	105	on	dietetic	
programme		

73%	of	med.	counseling	group	
shows	decrease	of	BMI,	vs.	43%	in	
dieters	

	

Warren	et	al.	
(2003)		

213	children	
initially	aged	5-
7	yr	

14	month	programme,	
physical	activity	vs.	nutrition	
vs.	physical	activity		+	
nutrition	vs.	control	

Increased	fruit	and	vegetable	
intake	but	no	changes	of	
overweight	or	obesity	

17%	drop-out	rate	

Zakus	et	al.	
(1981)		

22	girls	aged	
~14	yr	old	

9	wk	programme,	eating	and	
physical	activity	
interventions		

Decreased	overweight	in	
intervention	group	at	9	wks,	
further	reductions	at	8month	
follow-up.		

Random	assignment	
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0.25/kg/m2)	 and	 waist	 circumference	 (-
0.5	cm	versus	+0.4	cm).	
Story	 et	 al.	 (2003)	 studied	 54	 Afro-

American	girls	aged	8-10	yr.	A	half	of	 the	
group	 followed	 an	 after-school	
programme	that	was	intended	to	increase	
habitual	 physical	 activity	 and	 improve	
eating	 patterns.	 After	 12	 weeks,	
experimental	 students	 showed	 no	
significant	 differences	 of	 BMI	 or	 DEXA	
measures	 of	 body	 fat	 content	 relative	 to	
the	control	group.	 	 	
Tanas	 et	 al.	 (2007)	 compared	 the	

efficacy	 of	 medical	 counseling	 versus	
traditional	 dieting	 in	 a	 sample	 of	 190	
overweight	 children.	 The	 medical	
counseling	 comprised	 3	 immediate	
consultations	 with	 a	 pediatrician	 on	
methods	 of	 increasing	 physical	 activity	
and	 avoiding	 sedentary	 habits,	 with	
reinforcing	 discussions	 at	 6	 and	 12	
months,	2	and	3	yr.	After	3	yr,	there	was	a	
decrease	of	BMI	 in	73%	of	 the	counseling	
group,	compared	with	43%	in	the	dieters.	
Moreover,	 the	 respective	 percentages	 of	
students	who	had	 increased	 their	BMI	by	
>10%	were	11.8%	versus	25.7%,	and	 the	
average	BMI	of	those	who	were	counseled	
decreased	by	 some	10%,	 versus	 a	 gain	of	
2%	in	the	dieters.	
Warren	 et	 al.	 (2003)	 allocated	 213	

children	 aged	 5-7	 yr	 between	 4	 school-	
and	 family-based	 programmes	 (physical	
activity,	 nutritional	 counselling,	 physical	
activity	 plus	 nutritional	 counselling	 and	
control).	The	dropout	rate	was	similar	for	
all	 4	 options.	 at	 ~	 17%.	 The	 exercise	
component	 was	 intended	 to	 increase	
physical	activity	in	daily	life	and	to	reduce	
the	 amount	 of	 television	 viewing.	 At	 the	
end	 of	 14	 months,	 fruit	 and	 vegetable	
intake	 had	 increased,	 but	 all	 4	 groups	
showed	 small	 and	 similar	 increases	 in	
their	 habitual	 physical	 activity.	 The	 final	
proportions	 of	 overweight	 and	 obese	

children	 remained	 comparable	 in	 all	 4	
groups.	 	
An	early	pilot	programme	of	Zakus	et	al.	

(1981)	 involved	22	girls	aged	~14	yr	 in	a	
random	assignment	to	either	a	9-week	in-
school	 intervention	 designed	 to	 increase	
physical	 activity	 and	 improve	 eating	
habits,	or	to	a	control	group.	At	the	end	of	
9	weeks,	 there	were	 fewer	 obese	 girls	 in	
the	 intervention	 group	 than	 in	 the	
controls,	and	this	advantage	had	increased	
at	an	8-month	follow-up.	
In	 summary,	 of	 the	 26	 longitudinal	

studies	with	group	assignment,	15	showed	
an	advantage	of	body	composition	to	those	
students	 where	 physical	 activity	 was	
encouraged.	However,	in	9	of	the	15	trials	
with	 positive	 results,	 encouragement	 to	
greater	 exercise	 had	 been	 supplemented	
by	nutritional	advice.	
	 	
Longitudinal	 studies	 of	 habitual	
physical	activity	and	obesity	in	adults	
Adult	 life	 is	 commonly	 marked	 by	 a	

progressive	 decline	 in	 habitual	 physical	
activity,	 with	 an	 attendant	 increase	 in	
body	 fat	 content.	 Numerous	 longitudinal	
studies	 have	 examined	 the	 efficacy	 of	 a	
deliberate	increase	in	physical	activity	as	a	
means	 of	 preventing	 and/or	 correcting	
this	 trend,	 both	 in	 young	 and	 in	 older	
adults.	 One	 systematic	 review	 and	 meta-
analysis	of	studies	lasting	at	least	one	year	
found	 a	 5.0-8.5	 kg	 weight	 loss	 over	 the	
first	 6	 months	 of	 increased	 physical	
activity,	 and	 benefits	 of	 3-6	 kg	 that	 were	
maintained	 for	 48	 months	 (Franz	 et	 al.,	
2007).	 However,	 interpretation	 of	 data	 is	
complicated,	 since	 in	 many	 of	 the	
published	 investigations,	 an	 increase	 of	
physical	 activity	 was	 supplemented	 by	 a	
substantial	 restriction	 of	 food	 intake.		
Fogelholm	 and	 Kukkonen-Harjula	 (2000)	
examined	 the	 intensity	 and	 volume	 of	
effective	 physical	 activity	 programmes,	
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suggesting	 that	 the	 weekly	 energy	
expenditure	 needed	 to	 be	 increased	 by	
6.3-8.4	 MJ/week	 in	 order	 to	 induce	
significant	 beneficial	 changes	 in	 body	
composition,	 and	 they	 recognized	 that	
many	of	 the	published	 trials	had	 failed	 to	
achieve	or	 to	maintain	 this	 level	of	added	
energy	 expenditure.	 Another	 meta-
analysis,	 based	 on	 39	 studies	 and	 617	
subjects,	compared	high	 intensity	 interval	
training	 with	 cycle	 ergometry	 and	
running,	 finding	 that	 the	 interval	 training	
was	the	more	effective	method	of	reducing	
body	 fat	 stores	 (Maillard,	 Pereira,	 and	
Boisseau,	2018).	
Other	 potential	 problems	 in	 the	

interpretation	 of	 relationships	 between	
habitual	 physical	 activity	 and	 changes	 in	
body	fat	content	pointed	out	by	Wareham	
et	 al.	 (2005)	 include	 difficulties	 in	
detecting	 changes	 in	 body	 fat	 content	
because	 of	 inappropriate	 methodology,	
associations	 between	 successful	 fat	 loss	
and	 exercise	 programme	 adherence,	 and	
associations	 between	 adherence	 to	 a	
regular	 physical	 activity	 programme	 and	
the	 adoption	 of	 a	 generally	 healthy	
lifestyle.		
	
Responses	 of	 body	 composition	 in	
young	adults	to	an	increase	of	physical	
activity	
Numerous	studies	of	young	adults	have	

made	 longitudinal	 examinations	 of	 the	
changes	in	body	composition	that	occur	in	
response	 to	 high	 levels	 of	 both	
occupational	 and	 leisure	 activity.	 Studies	
based	 upon	 occupational	 energy	
expenditure	have	had	 the	advantage	 than	
any	 extra	 physical	 activity	 was	 usually	
pursued	regularly,	5	d/wk	and	for	several	
hours	 per	 day,	 although	 the	 intensity	 of	
effort	 was	 often	 poorly	 documented,	 and	
in	many	 industries	 the	 physical	 demands	
decreased	 progressively	 with	 automation	

and	 the	 introduction	 of	 robotics.	 Also,	
when	 interpreting	 occupational	
comparisons,	 note	 must	 be	 taken	 of	 the	
important	 socio-economic	 and	 general	
lifestyle	 differences	 that	 usually	
distinguish	workers	in	"heavy"	and	"light"	
occupations	 (Shephard,	 2018c).	 A	 few	 of	
the	 leisure	 studies	 have	 made	 objective	
determinations	 of	 the	 weekly	 volume	 of	
exercise	 achieved	 by	 the	 supposedly	
"active"	subjects.	
	 	
Occupational	comparisons	
Factors	 potentially	 confounding	

comparisons	of	 fat	 accumulation	between	
jobs	 with	 differing	 physical	 demands	
(Table	 7)	 include	 not	 only	 the	 socio-
economic	 issues	 already	 noted,	 but	 also	
job-entry	 discrimination	 based	 on	 body	
build,	 obesity-related	 differences	 in	
educational	attainments,	and	(particularly	
in	women),	 the	 influence	 of	 obesity	 upon	
marriage	 prospects	 (Glass,	 Haas,	 and	
Reither,	2010).	
The	percentage	of	8726	Chinese	women	

initially	 aged	 18-23	 yr	 who	 showed	 a	
change	of	obesity	over	a	4	year	 follow-up	
was	 significantly	 related	 to	 the	 extent	 of	
light	and	moderate	intensity	work-related	
activity	that	they	had	undertaken	(Bell,	Ge,	
and	 Popkin,	 2002),	 and	 fat	 accumulation	
was	also	correlated	with	the	time	that	the	
women	 had	 spent	 sitting	 at	 work	 each	
week.	 	
Among	 a	 sample	 of	 2488	 men	 and	

women	 initially	 aged	 20-45	 yr,	 Bell	 et	 al.	
(2001)	identified	workers	who	had	gained	
more	than	5	kg	of	body	mass	over	a	4-year	
period	 observation;	 these	 individuals	
were	more	 likely	 to	 have	 a	 "light"	 rather	
than	 a	 "heavy"	 occupational	 classification	
(odds	of	3.1	in	men	and	1.8	in	women).	
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Table	7:	Comparisons	off	body	composition	in	young	adults	based	on	vigorous	occupational	or	leisure	
physical	activity.	
	

Authors	 Subjects	 Follow-up	 Findings	 Covariates	and	
comments	

Occupational	comparisons	
Ball	et	al.	
(2002)		

8726	F	aged	
18-23	yr	

4	yr	 No	association	between	weight	gain	
and	number	of	20	min	periods	of	
moderate	&	vigorous	activity	per	
week,	or	time	spent	sitting	per	wk	

Education,	
occupation,	marital	
status,	parity	

Bell	et	al.	
(2001)	

2488	M	&	F	
20-45	yr	

8	yr	 Those	gaining	>5	kg	body	mass	more	
likely	to	have	light	vs.	heavy	
occupation	(odds	ratio	3.1	[M],	1.8	
[F])	

Age,	height,	body	
mass,	residence,	
income,	education	

Hou	et	al.	
(2019)		

	 Recent	
urbanization		

2.6	cm	increase	of	abdominal	
circumference	in	urban	group	
relative	to	rural	residents	

	

Klesges	et	al.	
(1992)		

142	M,	152	F	
aged	25-52	
yr.	

2	yr	 Decline	in	work	activity	related	to	
gain	of	body	mass	in	women	only	

Smoking,	alcohol		

Monda	et	al.	
(2008)	

4708	M,	
4697	F	aged	
18-55	yr	

9	yr	 Occupational	activity	inversely	
associated	with	body	mass	in	both	
sexes;	in	men,	also	inverse	
association	with	domestic	activity	

Age,	height,	urban	
residence	education,	
income,	energy	
intake	

Monsivais	et	al.	
(2015)		

7201,	4539	
adults	

43,	26	
months	

Increase	of	body	fat	with	job	loss;	
little	relation	to	change	in	physical	
activity	

Psychological	
factors	probably	
important	

Sarrafzadegan	
et	al.	(2014)	

6504	adults	
aged	>35	yr	

7	yr	 Little	difference	of	gain	in	body	mass	
between	manual	and	sedentary	
workers		

Age,	smoking	and	
education	main	
determinants	of	
change	in	body	
mass.	

Leisure	activities	
Barefoot	et	al.	
(1998)		

3885	M,	841	
F,	mean	age	
19	yr	

21	yr	 Exercise	(hr/wk)	negatively	
correlated	with	gain	in	body	mass	

Sex,	BMI,	smoking,	
depression	

Christensen	et	
al.	(2012)		

98	
overweight	
female	
health	care	
workers	

1	yr	 Intervention	group	had	advice	on	
diet,	physical	activity	&	behavioural	
training	1	h/wk.		6	kg	decrease	of	
body	mass,	BMI	-	2.2	kg/m2	No	
change	of	body	mass	in	controls	

	

Després	et	
al.(1984)	

12	men,	7	
women	aged	
~23	yr	

20	wks	 4-5	times	/wk	40-45	min	cycle	
ergometry	at	60-65%	maximal	
oxygen	uptake.	Decrease	of	body	fat	
(2.0%	M,	2.6%F)	and	skin-folds	(2.5,	
0.6	mm)	

Improvements	of	
body	composition	
lost	with	
subsequent	
detraining	

Fogelholm	et	
al.	(2000)		

442	M,	aged	
36-49	yr	

10	yr	 Increase	of	leisure	physical	activity	
negatively	associated	with	change	in	
body	mass.	No	effect	on	body	mass	
from	continued	high	or	low	level	of	
physical	activity	or	decrease	of	
physical	activity,	

Age,	weight	at	age	
20	yr	and	at	entry,	
smoking,	health,	
alcohol,	diet,	
occupation,	marital	
status,	former	
sports	training	
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Table	7	Continued	
	

Authors	 Subjects	 Follow-up	 Findings	 Covariates	and	
comments	

French	et	al.	
(1999)		

228	M,	882	F	
(mean	age	
35	yr)	

4	yr	 Leisure	physical	activity	reported	in	
1	or	more	of	4	yr	not	significantly	
related	to	changes	in	body	mass	

Age,	diet,	baseline	
values	

Heitmann	et	al.	
(1997)		

2110	M,	
2490	F	twin	
pairs	aged	
18-39	yr	

6	yr		 Physical	activity	at	follow-up	not	
associated	with	change	in	body	mass	
over	study	

Age,	zygosity,	
smoking,	initial	BMI,	
change	of	BMI	in	
twin-pair	

Lewis	et	al.	
(1997)		

1823	M,	
2083	F	aged	
18-30	yr	

7	yr	 Decrease	of	treadmill	time	to	
exhaustion	related	to	gain	of	body	
mass	in	both	sexes	

Age,	education,	
smoking,	total	
energy	intake,	
fat	intake	
alcohol	parity	

Martin	et	al.	
(2015)		

179	adults,	
aged	_	37.8	
yr	

2	yr	 Switch	to	active	travel	or	public	
transport	to	and	from	work	
decreased	BMI	0.32	kg/m2	

Switch	to	private	
transport	increased	
BMI	0.34	kg/m2	

May	et	al.	
(2012)	
	

325,537	
adults	aged	
25-70	yr	

5	yr	 Being	physically	active,	never	
smoking	and	keeping	to	
Mediterranean	diet	gained	0.54	and	
0.20	kg	less	weight,	waist	
circumference	0.95	and	0.99	cm	less	
in	men	and	women	respectively.	

Responses	
compared	to	
subjects	without	
healthy	behaviours	

Paeratakul	et	
al.	(1998)		

3484	
working	
adults	aged	
20-45	yr	

2	yr	 Increased	physical	activity		reduced	
gain	of	body	mass	in	women	only	(p	
=	0.02)		

Diet	
smoking	
SES	

Rainwater	et	al.	
(2000)		

539	M	&	F,	
mean	age	37	
yr	

5	yr	 Interview,	Stanford	7-day	recall	quiz.	
Change	in	physical	activity	not	
associated	with	change	in	body	mass	

Age,	sex	

Schmitz	et	al.	
(2000)		

2770	M	&	F	
aged	18-30	
yr	

10	yr	 6	MET	exercise	>	2	h/wk	for	11	
months	decreased	body	mass	by	0.38	
to	1.12	kg/yr	

Age,	education,	
alcohol,	parity,	
smoking,	fat	intake	

Sherwood	et	al.	
(2000)		

1044	health	
volunteers	
aged	20-45	
yr	

3	yr	 Physical	activity,	history,	occ.	&	
leisure	activity	all	correlated	with	
body	mass	gain	over	3	yr.	One	high	
intensity	ex.	session/wk	decreased	
wt	0.5	kg	in	men,	0.1	kg	in	women	

Co-varied	age,	
smoking,	income,	
education	&	marital	
status	

Zhang	et	al.	
(2017)		

45	obese	
young	
women		

15	wks.	
High-
intensity	
interval	or	
continuous	
training,	0.3	
MJ/session,	
3-4	d/wk,	
vs.	control		

Both	treatments	produced	similar	
decrease	of	body	fat	(2.8	kg)	

Interval	training	
produced	results	
with	less	time	
commitment	
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There	 has	 been	 a	 rapid	 and	 planned	
transition	of	 the	Chinese	population	 from	
the	 rigours	 of	 traditional	 rural	 life	 to	
sedentary	 employment	 in	 large	 modern	
cities	 over	 the	 last	 decade,	 and	 this	 has	
been	 accompanied	 by	 both	 a	 decline	 in	
overall	 habitual	 physical	 activity	 and	 an	
average	 2.6	 cm	 increase	 in	 waist	
circumferences	 (Huo,	Mazroo,	 Banks,	 and	
Marshall,	2019).		 	
Klesges	et	al.	(1992)	looked	at	the	effect	

of	 changes	 in	 the	 physical	 demands	 of	
occupation,	 finding	 an	 apparent	 sex	
difference	 of	 response	 between	 142	men	
and	 152	 women.	 Over	 a	 2-year	 study,	 a	
decline	 in	 the	 physical	 demands	 of	 work	
was	related	to	an	increase	in	body	mass	of	
the	 women,	 but	 no	 such	 response	 was	
seen	in	the	men.		
Monda	 et	 al.	 (2008)	 also	 examined	 the	

benefits	 of	 occupational	 and	 domestic	
physical	 activity	 in	 terms	 of	 preventing	
weight	gain	in	a	Chinese	population.	They	
followed	4708	men	and	4697	women	over	
a	9-year	period,	finding	that	a	high-level	of	
occupational	 activity	 was	 significantly	
associated	with	a	lower	body	mass	in	both	
sexes,	In	the	men,	a	lower	body	mass	was	
also	 associated	 with	 greater	 domestic	
physical	activity.		
Monsivais	 et	 al.	 (2015)	 examined	 the	

effects	of	unemployment	in	two	samples	of	
7201	 and	 4539	 British	 adults	 who	 were	
followed	 for	 43	 and	 26	 months,	
respectively.	Gains	of	body	mass	occurred	
over	 this	 time,	but	 they	did	not	appear	 to	
be	 related	 to	 changes	 in	 daily	 physical	
activity.	 It	 was	 concluded	 that	 the	
psychological	 concomitants	 of	 job	 loss	
were	 largely	 responsible	 for	 the	 changes	
in	body	composition..		
Sarrafzadegan	et	al.	 (2014)	carried	out	

a	7-year	 follow-up	of	6504	 Iranian	adults	
aged	>35	yr.	They	found	little	difference	of	
weight	 gain	 between	 manual	 and	

sedentary	workers	over	the	course	of	their	
study.	The	main	determinants	of	a	change	
in	body	weight	were	age,	smoking	and	the	
individual's	level	of	education.		
In	summary,	5	of	7	occupational	studies	

showed	a	 lesser	 accumulation	of	body	 fat	
for	 people	 in	 "heavy"	 employment	
(although	 in	1	of	 the	5	 studies,	 this	effect	
was	seen	only	 in	women).	The	2	negative	
studies	 were	 for	 an	 investigation	 of	
Iranian	workers,	and	for	those	losing	their	
employment.	
	
Patterns	of	leisure	activity	
As	 in	 the	 studies	 of	 children	 and	

adolescents,	it	is	useful	to	distinguish	self-
reported	 physical	 activity	 from	 studies	
where	 objective	 measurements	 were	
obtained.	
	
Subjective	measures	of	habitual	physical	
activity	
Barefoot	 et	 al.	 (1998)	 related	 the	

reported	 volume	 of	 voluntary	 exercise	
(hr/wk)	taken	by	a	large	sample	of	college	
students	(3885	males	and	841	females)	to	
the	 gain	 in	 body	 mass	 observed	 over	 a	
period	of	21	yr;	an	inverse	association	was	
found.	 A	 depressed	 mood	 state	 modified	
the	 tendency	 to	 weight	 gain,	 further	
decreasing	body	mass	 in	 those	who	were	
already	lean	and	increasing	mass	in	those	
who	were	tending	to	become	obese.	
Christensen	et	al.	 (	2012)	carried	out	a	

controlled	 trial	 to	 assess	 the	 impact	 of	 a	
work-place	fitness	intervention	in	a	group	
of	 98	 obese	 female	 health-care	 workers.	
Over	a	one-year	period,	a	half	of	the	group	
was	 seen	 for	 one	 hour	 a	 week.	 They	
received	 advice	 on	 diet	 and	 physical	
activity	 as	 well	 as	 behavioural	 training.		
The	programme	 led	 to	a	6	kg	decrease	of	
body	mass,	 with	 a	 2.2	 kg/m2	 decrease	 of	
BMI.	However,	control	subjects	showed	no	
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significant	 change	 in	 body	mass	 over	 this	
same	period.	
Fogelholm	 et	 al.	 (2000)	 followed	 a	

group	 of	 442	men	 initially	 aged	 36-49	 yr	
for	 10	 yr,	 noting	 whether	 their	 habitual	
physical	 activity	 had	 increased	 or	
decreased	over	this	period.		An	increase	of	
leisure	 activity	 was	 associated	 with	 a	
decrease	 of	 body	 mass	 (p	 =0.02),	 but	
weight	 change	 was	 not	 associated	 with	
maintaining	either	a	high	or	a	low	level	of	
physical	activity,	or	with	allowing	physical	
activity	to	decrease.		 	
French	et	al.	(1999)	adopted	the	rather	

weak	 physical	 activity	 criterion	 of	 self-
reports	 of	 participation	 in	 leisure	 activity	
during	at	 least	1	of	the	4	preceding	years.	
In	 a	 sample	 of	 228	men	 and	 882	women	
with	 an	 initial	 mean	 age	 of	 35	 yr,	 such	
reports	 were	 not	 significantly	 associated	
with	 4-year	 changes	 in	 body	 mass.	 The	
authors	 concluded	 that	 programme	
organizers	 needed	 to	 emphasize	
consistency	 of	 lifestyle	 behaviour	 if	
beneficial	 changes	 in	 body	 mass	 were	 to	
occur.	
Heitmann	 et	 al.	 (1997)	 followed	 1571	

monozygotic	and	3029	dizygotic	twins	for	
6	 yr.	 Overall,	 changes	 in	 body	mass	were	
not	 associated	 with	 a	 simple	 3-level	
categorization	 of	 the	 individual's	 leisure	
activity,	but	 in	the	monozygous	twins,	the	
similarity	 of	 weight	 gain	 was	 greatest	 in	
the	most	active	twin-pairs,	suggesting	that	
there	 was	 a	 3-way	 interaction	 between	
genetic	 characteristics,	 habitual	 physical	
activity	and	weight	gain.	 	
Martin	 et	 al.	 (2015)	 looked	 at	 the	

impact	upon	BMI	of	a	change	in	the	mode	
of	 transportation	 to	 and	 from	 work	 in	 a	
sample	 of	 179	 adults	 initially	 aged	~37.8	
yr.	Over	a	2-year	period,	a	reported	switch	
to	active	transport	(walking	or	cycling)	or	
the	 use	 of	 public	 transport	 with	 some	
walking	was	associated	with	a	decrease	in	

BMI	of	0.32	kg/m2.	In	contrast,	those	who	
switched	 from	 active	 to	 vehicular	
transport	over	the	2-year	period	showed	a	
gain	in	BMI	of	0.34	kg/m2.	
May	 et	 al.	 (2012)	 followed	 a	 large	

sample	 of	 Europeans	 (325,537	 adults	
initially	aged	25-70	yr)	for	two	years.	Over	
this	 period,	 those	 who	 were	 physically	
active,	had	never	smoked,	and	adhered	to	
a	Mediterranean	diet	had	a	smaller	weight	
gain	(an	advantage	of	0.54	kg	in	men,	0.20	
kg	 in	 women)	 and	 a	 lesser	 increase	 of	
waist	circumference	(an	advantage	of	0.95	
cm	in	men,	0.99	cm	in	women)	than	those	
individuals	who	did	not	maintain	a	healthy	
lifestyle.	
Mozafarrian	 et	 al.	 (2011)	 followed	

120,877	 U.S.	 women	 who	 were	 initially	
non-obese,	for	4	yr.	On	average,	their	body	
mass	increased	by1.5	kg	over	this	interval.	
Factors	 associated	 with	 weight	 gain	
included	 a	 variety	 of	 dietary	 items,	 but	
there	 was	 also	 an	 0.8	 kg	 difference	 of	
weight	 gain	 between	 the	 least	 active	 and	
the	most	active	quintiles	of	the	sample.	
Paeratakul	 et	 al.	 (1998)	 found	 a	

substantial	 relationship	 between	 weight	
changes	and	fat	intake	(p	=	0.0001)	in	a	2-
year	study	of	3484	Chinese	adults	initially	
aged	 20-45	 yr.	 Over	 the	 two	 years,	 a	
greater	 level	 of	 physical	 activity	was	 also	
associated	 with	 a	 decrease	 of	 BMI	 in	 the	
women	(p	=	0.02),	but	not	in	the	men.	
Rainwater	et	al.	(2000)	used	a	physical	

activity	 interview	 and	 the	 Stanford	 7-day	
physical	 activity	 recall	 questionnaire	 in	
539	 Mexicans	 of	 mean	 age	 37	 yr.	 They	
found	no	associations	between	changes	in	
habitual	 physical	 activity	 and	 changes	 in	
body	mass.		 	
Schmitz	et	al.	(2000)	examined	data	for	

2770	male	 and	 female	participants	 in	 the	
CARDIA	 study	 over	 a	 period	 of	 10	 yr.	
Subjects	 were	 initially	 aged	 18-30	 yr.	
Pariciation	 in	 two	 hours	 per	 week	 of	
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exercise	 at	 an	 intensity	 of	 6	 MET	 was	
associated	with	a	decrease	in	body	mass	of	
0.38-1.12	kg/year,	the	loss	of	weight	being	
4-5	 times	 greater	 in	 those	 who	 were	
already	obese	at	baseline.	
Sherwood	 et	 al.	 (2000)	 collected	

findings	 on	 1044	 health	 volunteers	 who	
were	 participating	 in	 a	 weight-loss	
promotion	 campaign.	 Body	mass	 data	 for	
the	 next	 3	 yr	 were	 related	 to	 overall	
physical	 activity	 and	 to	 occupational	 and	
leisure	 activity.	 Those	 beginning	 at	 least	
one	 high	 intensity	 exercise	 session	 per	
week	 saw	 a	 decrease	 in	 body	 mass,	
averaging	0.5	kg	 in	the	men	and	0.1	kg	 in	
the	women.	
	
Objectively	 measured	 volumes	 of	
physical	activity.		
Several	 studies	 obtained	 objective	

measures	 of	 physical	 activity	 for	 their	
subjects.	Després	et	al.	(1984)	had	12	men	
and	 7	 women	 aged	 ~23	 yr	 engage	 in	
measured	 amounts	 of	 cycle	 ergometry	
(40-45	minute	 sessions	 4-5	 times	 a	week	
at	 intensities	 rising	 from	 60%	 to	 65%	 of	
their	maximal	oxygen	intake)	for	a	period	
of	20	weeks.	This	resulted	in	a	decrease	of	
hydrostatically	 determined	 body	 fat	
content	 (2.0%	 in	 the	 men,	 2.6%	 in	 the	
women),	with	a	decrease	 in	 the	 thickness	
of	 7	 skin-folds	 (averaging	 2.5	 mm	 in	 the	
men	and	0.6	mm	in	the	women).	However,	
these	 favourable	 changes	 in	 body	
composition	were	lost	quite	rapidly	over	a	
subsequent	period	of	detraining.	 			
Ekelund	 et	 al.	 (2005)	 examined	

individually	 calibrated	 heart	 rate	
estimates	 of	 metabolism	 for	 5.6	 yr	 in	 a	
sample	 of	 739	men	 and	women	who	 had	
an	 initial	 average	 age	 of	 53.8	 yr.	 They	
found	 a	 significant	 negative	 relationship	
between	 the	 average	 daily	 energy	
expenditure	 and	 the	 increase	 of	 body	 fat	
(as	 assessed	 by	 bio-impedance)	 in	 those	

subjects	who	were	below	the	median	age.	
On	 the	 other	 hand,	 no	 such	 relationship	
was	 seen	 in	 older	 individuals,	 where	 the	
body	weight	tended	to	remain	stable.	
Lewis	 et	 al.	 (1997)	 related	 the	 7-year	

improvement	 of	 aerobic	 fitness	 as	 shown	
by	 an	 increase	 of	 endurance	 time	 on	 a	
graded	 aerobic	 treadmill	 test	 to	 the	
associated	 decrease	 of	 body	 mass	 in	 a	
sample	 of	 1823	 men	 and	 2083	 women	
initially	 aged	 18-30	 yr.	 They	 found	 an	
inverse	 relationship	 between	 gains	 of	
aerobic	 fitness	 and	 an	 increase	 of	 body	
mass	in	both	sexes.	
Tataranni	 et	 al.	 (2003)	 used	 doubly-

labeled	water	to	follow	the	metabolism	of	
92	 non-diabetic	 Pima	 Indians	 who	 were	
initially	 aged	 19-70	 yr.	 Over	 4	 yr	 of	
observation,	 gains	 in	 body	 mass	 were	
inversely	 related	 to	 estimates	 of	 resting	
metabolic	rate,	but	not	to	the	average	24-
hour	average	metabolic	rate.	However,	an	
earlier	study	of	the	same	population	found	
that	 a	 high	 level	 of	 physical	 activity	 was	
protective	against	weight	gain	(r	=	-0.25	in	
males)	 (Zurlo,	 Ferraro,	 and	 Fontvielle,	
1992).	
Zhang	et	al.	(2017)	compared	potential	

forms	 of	 exercise	 in	 a	 short-term	 (12-
week)	 trial	with	 45	 obese	 young	women.	
Subjects	 were	 divided	 between	 a	 group	
that	 performed	 high	 intensity	 interval	
training	 3-4	 times	 per	 week,	 a	 second	
group	 that	 undertook	 continuous	 aerobic	
training	demanding	 an	 equal	 total	 energy	
expenditure	 (0.3	 MJ/session),	 and	 a	
control	 group.	 Both	 active	 treatments	
reduced	body	mass	by	2.8	kg	over	 the	12	
weeks,	although	the	time	commitment	per	
session	 was	 smaller	 for	 the	 interval-
training	group.	
In	 summary,	 14	 of	 17	 longitudinal	

studies	of	young	adults	found	that	body	fat	
decreased,	or	 increased	 to	a	 lesser	 extent	
in	 active	 individuals	 than	 in	 those	 who	
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were	 more	 sedentary.	 Moreover,	 at	 least	
one	of	the	3	studies	finding	no	relationship	
used	 only	 a	 weak	 measure	 of	 habitual	
physical	activity.	
	
Responses	 of	 middle-aged	 and	 older	
adults	 Many	 cohort	 studies	 of	 middle-
aged	 and	 older	 adults	 have	 found	
associations	 between	 levels	 of	 habitual	
physical	 activity	and	 longitudinal	 changes	
of	 body	 composition,	 although	 the	
interpretation	 of	 these	 observations	 is	
limited	 by	 many	 of	 the	 same	 issues	
already	 noted	 in	 studies	 of	 children	 and	
younger	adults	(Table	8).	
Berk	et	al.	(2006	)	followed	549	adults,	

73%	of	whom	were	men,	 for	a	total	of	16	
yr,	 to	 a	 final	 age	of	74	yr.	 	An	 increase	of	
habitual	 physical	 activity	 to	 134	 min/wk	
was	not	enough	to	reduce	BMI	relative	 to	
those	 members	 of	 the	 group	 who	
maintained	a	sedentary	lifestyle.	However,	
those	subjects	who	attained	an	average	of	
261	min	of	exercise	per	week	did	achieve	
a	 lower	 final	BMI.	Moreover,	 it	was	noted	
that	 those	 with	 a	 low	 level	 of	 weekly	
exercise	were	more	 likely	 to	 die	 over	 the	
16-year	 study	 (a	 risk	 averaging	 1.3%	
versus	0.5%	per	annum).	
Ching	et	al.	(1996)	reported	on	data	for	

22,076	 male	 health	 professionals.	 Over	 a	
2-year	follow	up,	higher	baseline	 levels	of	
physical	 activity	 were	 associated	 with	 a	
reduced	 risk	 of	 becoming	 overweight	
(statistical	 significance	 of	 the	 trend,	 p	 =	
0.01).	 The	 cumulative	 incidence	 of	
overweight	 decreased	 progressively	 from	
5.3%	in	those	with	an	energy	expenditure	
of	 less	 than	 6.9	 MET-h/week	 to	 4.2%	 in	
those	 with	 an	 energy	 expenditure	 >42.3	
MET-h/week	 (a	 relative	 risk	 of	 0.81).	 In	
contrast	 to	 the	 negative	 findings	 of	
Crawford	 et	 al.	 (1999),	 the	 risk	 of	weight	
gain	 increased	 with	 the	 time	 spent	
watching	TV	(p	=	0.002).	Relative	to	those	

who	watched	TV	only	0-1	h/week,	the	risk	
of	 obesity	 was	 1.49	 with	 >41	 h/week	 of	
television	viewing.	
Coakley	et	al.	(1998)	examined	data	for	

10,272	 male	 participants	 in	 the	 health	
professionals	 follow-up	 study.	 In	 this	
sample,	 initially	 aged	 40-75	 yr,	 the	
min/wk	 of	 reported	 vigorous	 physical	
activity	were	negatively	related	to	gains	in	
body	mass,	after	adjusting	for	a	number	of	
covariates.	 Over	 the	 4	 yr,	 an	 increase	 of	
exercise	 and	 a	 decrease	 of	 TV	 viewing	
were	 associated	 with	 an	 average	 body	
mass	advantage	of	1.4	kg.	
Di	 Pietro	 et	 al.	 (1998)	 related	 physical	

fitness,	 as	 indicated	by	maximal	 tolerated	
treadmill	 speeds,	 to	 the	 weight	 gain	 as	
seen	 over	 7.5	 yr	 of	 observation.	 After	
introducing	 multiple	 co-variates,	 the	
weight	 gains	 seen	 in	 both	 sexes	 were	
smaller	 in	 individuals	 who	 had	 a	 higher	
initial	 level	 of	 aerobic	 fitness,	 and	 such	
individuals	 also	 had	 lower	 odds	 of	
developing	 a	 weight	 gain	 of	 5	 or	 10	 kg	
over	the	7.5	yr.	Di	Pietro	et	al.	(2004)	also	
followed	 reported	 physical	 activity	 in	
relation	to	weight	gain	in	a	group	of	2501	
men	aged	20-55	yr.	 	Over	a	5-year	 follow	
up,	 the	 weight	 gain	 for	 this	 group	 was	
accelerated	 in	 those	 decreasing	 their	
physical	 activity,	 and	 a	 24-hour	 intensity	
of	 physical	 activity	 averaging	 more	 than	
1.45	METs	was	 needed	 for	 body	mass	 to	
decrease.	
Guo	et	al.	(1999)	completed	an	average	

9.1-year	 follow-up	 on	 102	 men	 and	 108	
women	with	an	initial	age	of	44	yr.	 In	the	
men,	 those	 reporting	 a	 low	 or	 medium	
level	 of	 habitual	 physical	 activity	 gained	
2.1	 and	 1.8	 kg	 more	 weight	 than	 those	
with	a	high	 level	of	physical	activity,	with	
associated	differences	in	body	fat	content.	
However,	no	such	relationships	were	seen	
in	women.	
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Table	8:	Effects	of	an	increase	in	habitual	physical	activity	upon	the	body	composition	of	middle-
aged	and	older	adults.	
	
Authors	 Subjects	 Follow-up	 Findings	 Comments	

Berk	et	al.	
(2006)		

549	adults	
(73%	men)	
followed	to	
age	74	yr	

16	yr	 Increase	of	exercise	to	
134	min/wk	not	
enough	to	reduce	BMI	
relative	to	continued	
sedentary	living;	
lower	BMI	seen	with	
261	min/wk	exercise	

Low	exercisers	more	likely	to	die	
over	16	yr	(1.3%	vs.	0.5%/yr)	

Ching	et	al.	
(1996)		

22,076	M	
initially	
aged	40-75	
yr	

2	yr	 Higher	baseline	
physical	activity	
reduced	risk	of	
becoming	overweight	

Age,	smoking,	TV	viewing	

Coakley	et	
al.	(1998)		

10,272	M	
initially	40-
75	yr	

4	yr	 Vigorous	physical	
activity	(min/week)	
negatively	correlated	
with	gain	in	body	
mass	

Age,	diet,	smoking,	baseline	
physical.	activity,	and	TV	time	

Guo	et	al.	
(1999)		

102	M,	108	
F,	mean	
initial	age	
44	yr	

9.1	yr	 Low	and	medium	
physical	activity	show	
wt	gain	2.1,	1.8	kg	
relative	to	high	
physical	activity	in	
men,	but	no	advantage	
in	women	

Age,	menopause,	oestrogen	use	

Haapanen	
et	al.	
(1997)		

2564	M,	
2695	F	
initially	
aged	19-63	
yr	

10	yr	 If	no	regular	leisure	
activity	at	end	of	
study,	odds	of	>	5	kg	
weight	gain	2.59	(M),	
2.67	(F)	

Age,	health,	smoking,	SES	status	

Kahn	et	al.	
(1997)		

35,156	M,	
44,080	F		
mean	initial	
age	40	yr	

10	yr	 Greater	jogging,	
aerobics,	tennis,	
gardening	or	walking	
associated	with	
significant	BMI	loss	
(0.08	to	0.49	kg/m2)	

Age,	education,	region,	BMI	at	18	
yr	and	at	entry,	diet,	alcohol,	
smoking,	marital	status,	
oestrogen	use,	parity	

Kawachi	et	
al.	(1996)		

1474	
female	
nurses	
initially	
aged	40-75	
yr	

2	yr	 Those	who	quit	
smoking	&	increased	
physical	activity	by	>	
8	MET-h/wk	gained	
less	weight	than	those	
who	just	quit	smoking	

Age,	height,	baseline	weight,	
energy	intake,	fat	and	alcohol	
intake,	hypertension,	high	
cholesterol	

Koh-
Banerjee	et	
al.	(2003)		

16,587	M	
aged	40-75	

9	yr	 Increase	of	vigorous	
physical	activity	25	
MET-h/wk	reduced	
waist	circumference	
by	0.38	cm,		
0.5	h/wk	resistance	
training	mm	reduced	
by	0.91	cm	and	>20	
h/wk	TV	viewing	
increased	by	0.59	cm	

Age,	BMI,	waist	circumference,	
alcohol,	energy	intake,	physical	
activity	change	in	smoking,	
change	in	BMI	
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	 Table	8	Continued	
	
Authors	 Subjects	 Follow-up	 Findings	 Comments	

Macdonald	
et	al.	
(2003)		

898	F	aged	
45-54	yr		

6.3	yr		 Self-reported	physical	
activity	explained	
4.4%	change	in	body	
mass		

Age,	weight,	smoking,	energy	
intake	

Mozafarria
n	et	al.	
(2011)		

120,877	
non-obese	
U.S.	women		

4	yr	 Weight	change	
significant	related	to	
change	of	physical	
activity	(0.8	kg	
difference	of	gain	
across	physical	
activity	quintiles)	

Many	dietary	variables	also	
influence	change	

Owens	et	
al.	(1992)		

500	women	
age	42-50	
yr.	

3	yr	 Initial	Paffenbarger	
leisure	activity	
estimate	and	increase	
of	physical	activity	
inversely	associated	
with	weight	gain	(p	=	
0.003,	0.01)	

Smoking,	sex	hormone	use,	
menopausal	status	

Parker	et	al.	
(1997)		

176	M,	289	
F,	mean	
initial	age	
47	yr	

4	yr	 Initial	participation	in	
aerobics	showed	no	
association	with	
subsequent	weight	
change	

Age,	smoking,	BMI,	PA	level,	total	
energy	expenditure	

Rissanen	et	
al.	(1991)		

6165	M,	
6594	F	
initially	
aged	25-64	
yr	

5.7	yr	 Leisure	physical	
activity		inversely	
associated	with		gain	
of	body	mass	over	
follow-up	in	both	
sexes	

Age,	BMI,	education,	marital	
status,	parity,	smoking,	alcohol,	
coffee,	health	

Taylor	et	al.	
(1994)		

568M,	668F	
initially	
aged	20-60	
yr	

7yr	 Increase	of	BMI	least	
for	those	who	
increased	physical	
activity	over	study	

Age,	sex,	smoking	

Voorrrips	
et	al.	
(1991)		

45	older	
women	
(mean	age	
71	yr)	

59	yr	
(retrospecti
ve	analysis)	

Activity	at	age	12,	25,	
40,	55	yr	and	
currently	inversely	
related	to	BMI	

	

Wagner	et	
al.	(2001)		

8865	men	
initially	
aged	50-59	
yr	

5	yr	 Change	of	BMI	
inversely	associated	
with	energy	spent	
getting	to	and	from	
work	

Age,	marital	status.	SES,	alcohol,	
smoking,	activity	at	work	

Wanner	et	
al.	(2016)		

2224	M.	
2264	F	aged	
37-81	yr	

8	yr	 Highest	vs.	lowest	
physical	activity	
tertile	had	odds	ratio	
of	0.60	for	high	body	
fat	content	

Smoking,	alcohol,	health	status	

Williamson	
et	al.	
(1993)		

3515	M,	
5810	F,	
NHANES	I	
cohort,	
initially	
aged	25-74	
yr	

10	yr	 Measured	weight	
increase	>13	kg	
related	to	low	
reported	recreational	
activity	at	follow-up		
(RR	low	vs.	high	3.1	in	
men.	3.8	in	women)	

Age,	BMI,	race,	education,	
smoking,	alcohol,	health,	parity	
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Haapanen	 et	 al.	 (1997)	 followed	 2564	

men	and	2695	women	who	were	 initially	
aged	 19-63	 yr	 for	 10	 yr.	 Those	 who	
reported	 no	 weekly	 leisure	 physical	
activity	had	 increased	odds	of	developing	
clinically	 significant	 (>	 5	 kg)	 weight	 gain	
by	the	end	of	the	10	yr.	After	multivariate	
adjustment	of	the	data,	the	odds	of	a	5	kg	
weight	 gain	 in	 the	 sedentary	 individuals	
were	 2.59	 for	 men	 and	 2.67	 for	 women.	
Similar	 adverse	odds	were	 seen	 for	 those	

who	decreased	their	physical	activity	over	
the	10	yr,	were	inactive	throughout	the	10	
yr	or	were	sitting	at	work,	but	these	odds	
were	 decreased	 by	 9%	 if	 there	 was	
standing	or	walking	at	work,	and	by	24%	
with	1	hour/day	of	brisk	walking.	
Kahn	et	al.	(1997)	followed	35,156	men	

and	44,156	women	with	an	initial	average	
age	of	40	yr	for	10	yr.	The	authors	of	this	
report	 took	 note	 of	 significant	
involvement	 in	 specific	 activities,	
including	 jogging,	 aerobics,	 tennis,	

Table	8	Continued	
	
Objectively	measured	physical	activity	
Authors	 Subjects	 Follow-up	 Findings	 Comments	
Di	Pietro	et	
al.	(1998)		

4559	M,	
724	F,	
average	
initial	age	
43	yr	

7.5	yr	 Gains	of	treadmill	
speed	related	to	
attenuated	weight	
gain	and	lower	odds	of	
5	or	10	kg	weight	gain	
in	both	sexes	

Multiple	covariates	

Di	Pietro	et	
al.	(2004)		

2501	M	
initially	
aged	20-55	
yr	

5	yr	 Weight	gain	
accelerated	in	those	
decreasing	physical	
activity;	shift	from	low	
to	moderate	PAL	
(<1.45	to	>1.45)	
needed	for	weight	loss	
over	time.	

Age,	height,	smoking,	follow-up	
time,	change	of	smoking	

Ekelund	et	
al.	(2005)		

311M,	428	
F	initial	age	
53.8	yr	

5.6	yr	 Individually	calibrated	
heart	rate	monitor	
shows	inverse	
correlation	of	HR	with	
body	fat	in	those	
below	median	age	

Age,	sex,	body	composition,	
smoking,	fat	intake,	duration	of	
follow-up	

	McTiernan	
et	al.	
(2007)		

102	M,	100	
F	aged	40-
75	yr	

1	yr	 Activity	>375	min/wk	
(M),	295	min/wk	(F)	
lost	body	mass	(1.8	kg	
M;	1.4	kg	F,	0.1	kg	
controls);	also	
reduced	fat	mass	&	
waist	circumference	

Gains	increased	with	daily	step	
count	and	with	Adjusted	for	
initial	age,	BMI,	maximal	oxygen	
intake	

Tataranni	
et	al.	
(2003)		

64	M,	28	F	
non-
diabetic	
Pima	
Indians	
initially	
aged	19-70	
yr	

4	yr	 Doubly-labeled	water	
estimate	of	physical	
activity	index	not	
associated	with	
weight	change	

	Age,	sex,	body	composition,	
duration	of	follow-up	
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gardening	 and	 walking.	 After	 adjustment	
for	 covariates,	 participation	 in	 any	 of	 the	
specified	 activities	 was	 associated	 with	 a	
significantly	 lower	 final	 BMI	 than	 that	
seen	 in	 controls	 (an	 advantage	 of	 0.08	 to	
0.49	kg/m2,	the	advantage	being	greater	if	
the	activity	was	pursued	for	>4/hours	per	
week	 than	 if	 it	 was	 pursued	 for	 only	 1-3	
hours/week).	 The	 odds	 ratio	 for	 an	
increase	 in	 waist	 circumference	 was	 also	
reduced	 by	 participation	 in	 any	 of	 these	
activities,	 with	 particularly	 striking	
benefits	 being	 seen	 for	 those	 involved	 in	
jogging/running	and	aerobics/calisthenics	
(respective	 odds	 ratios	 of	 0.57	 and	 0.59	
with	 >4	 hours/week	 of	 involvement	 in	
either	of	these	pursuits).	
Kawachi	 et	 al.	 (1996)	 conducted	 a	 2-

year	study	on	1474	female	nurses	initially	
aged	 40-75	 yr	 who	 were	 engaged	 in	 a	
smoking	 cessation	 programme.	 	 After	
adjustment	 for	 a	 number	 of	 co-variates,	
those	 who	 both	 quite	 smoking	 and	
increased	 their	 physical	 activity	 by	 >8	
Met-h	 per	 week	 gained	 less	 weight	 than	
those	who	just	quit	smoking.		
Koh-Banerjee	 et	 al.	 (2003)	 examined	

changes	among	16,587	men	aged	40-75	yr	
who	 had	 enrolled	 in	 a	 longitudinal	 study	
of	 health	 professionals.	 Over	 a	 9-year	
follow	up,	an	increase	in	vigorous	physical	
activity	of	25	MET-h/week	(about	4	hours	
per	week)	 and	 the	 initiation	 of	 0.5	 hours	
per	 week	 of	 weight	 training	 were	
associated	 with	 3.8	 mm	 and	 9.1	 mm	
decreases	 of	 waist	 circumference,	
respectively,	 while	 a	 20	 h/week	 increase	
of	 television	 viewing	was	 associated	with	
a	5.9	mm	increase	of	waist	circumference.		
Macdonald	 et	 al.	 (2003)	 followed	 898	

women	 initially	 aged	 45-54	 yr	 for	 an	
average	 of	 6.3	 yr.	 The	 self-reported	
physical	 activity	 level	 explained	 4.4%	 of	
the	 3.3	 kg	 change	 in	 body	mass	 that	was	
observed	over	the	course	of	this	study.	

McTiernan	et	al.	(2007)	noted	that	men	
and	 women	 who	 engaged	 in	 substantial	
volumes	of	physical	activity	 (375	min/wk	
in	 the	 men	 and	 295	 min/wk	 in	 the	
women)	lost	weight	over	a	single	year	(1.8	
kg	in	the	men	and	1.4	kg	in	the	women,	as	
compared	with	a	negligible	0.1	kg	change	
in	controls.	Active	individuals	also	showed	
a	 lesser	 fat	 mass	 and	 a	 slimmer	 waist	
circumference.	Moreover,	the	loss	of	body	
fat	 increased	 in	 parallel	 with	 objective	
measurements	 of	 the	 individual's	 daily	
step	 count	 and	 with	 gains	 in	 maximal	
oxygen	 intake,	 and	 in	 both	 sexes	 benefits	
were	 greater	 with	 >250	 min/week	 of	
physical	activity	than	with	<	250	min/wk.	
Mozafarrian	 et	 al.	 (2011)	 followed	 a	

sample	of	120,877	non-obese	U.S.	women	
for	 4	 yr.	 	 The	 physical	 activity	 of	
participants	 was	 classified	 into	 quintiles,	
and	the	weight	gain	over	the	4	yr	showed	
an	0.8	 kg	 difference	 between	 the	 top	 and	
bottom	 quintiles.	 Many	 dietary	 variables	
were	 also	 correlated	 with	 the	 extent	 of	
this	weight	gain.		
Owens	 et	 al.	 (1992)	 followed	 500	

women,	 initially	 aged	 42-50	 yr	 for	 3	 yr.	
Leisure	 activity	 was	 measured	 with	 the	
Paffenbarger	 questionnaire,	 and	 after	
adjustment	 for	co-variates	both	the	 initial	
level	of	physical	activity	and	any	change	in	
physical	 activity	 over	 the	 3	 yr	 were	
inversely	associated	with	weight	gain	(p	=	
0.003	and	0.01	respectively).		
Parker	et	al.	 (1997)	classified	176	men	

and	 289	women	 of	 average	 initial	 age	 47	
yr	 according	 to	 their	 participation	 in	
aerobics	 programmes,	 over	 a	 4-year	
follow-up,	 changes	 in	 body	 mass	 were	
unrelated	 to	 such	 participation	 after	
controlling	 data	 for	 their	 overall	 physical	
activity.	
Rissanen	 et	 al.	 (1991)	 followed	 6165	

male	 and	 6594	 female	 Finnish	 adults	 for	
an	 average	 of	 5.7	 yr,	 making	 a	 3-level	
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questionnaire	 classification	 of	 their	
habitual	 leisure	 physical	 activity.	 After	
inclusion	 of	 a	 substantial	 number	 of	
covariates,	 the	 risk	 of	 substantial	 weight	
gain	 (>5	 kg	 over	 5	 yr)	 was	 greater	 for	
those	 undertaking	 less	 physical	 activity,	
and	 both	 univariate	 and	 multivariate	
cross-sectional	 analyses	 of	 this	 data	 set	
showed	 an	 inverse	 relationship	 between	
physical	activity	and	obesity.	
Taylor	et	al.	(1994)	followed	the	BMI	of	

568	men	and	668	women	initially	aged	20-
60	 yr	 for	 7	 yr.	 There	 was	 a	 general	
tendency	 for	 BMI	 to	 increase	 over	 this	
period,	but	the	slope	was	less	in	those	who	
decided	 to	 engage	 in	more	moderate	 and	
heavy	 physical	 activity	 than	 in	 those	
whose	 physical	 activity	 remained	 the	
same	 or	 declined	 (if	 expressed	 in	 kg/m2	
per	 year,	 the	 differences	 of	 BMI	 	 among	
non-smokers	was	in	the	men	0.08	vs.	0.13,	
and	in	the	women	0.11	vs.	0.17,	while	the	
corresponding	 figures	 for	 smokers	 were	
0.10	vs.	0.13	and	0.12	vs.	0.26).	
Voorrips	 et	 al.	 (1991)	 made	

retrospective	 enquiry	 concerning	 the	
physical	 activity	 patterns	 adopted	 by	 45	
women	aged	71	yr	over	the	previous	59	yr	
of	 their	 lives	 The	 physical	 activity	 levels	
reported	 at	 the	 ages	 of	 12,	 25,	 40,	 55	 yr	
and	currently	were	all	inversely	related	to	
the	individual's	body	mass	index.	
Wagner	 et	 al.	 (2001)	 followed	 8865	

men	who	were	initially	aged	50-59	yr	for	5	
yr.	 After	 adjustment	 for	 several	 co-
variates,	the	changes	of	BMI	observed	over	
this	period	were	inversely	associated	with	
the	 energy	 subjects	 spent	 in	 traveling	 to	
and	from	work.	
Wanner	 et	 al.	 (2016)	 carried	out	 an	8-

year	 follow-up	 on	 2224	 men	 and	 2264	
women	initially	aged	37-81	yr.	The	risk	of	
developing	 obesity	 in	 their	 sample	 was	
associated	 with	 remaining	 or	 becoming	
inactive	 during	 leisure	 time	 over	 the	 8-

year	interval.	The	highest	physical	activity	
tertile	had	an	odds	ratio	of	0.60	relative	to	
the	lowest	tertile	in	terms	of	developing	a	
high	body	 fat	 content	 as	 assessed	by	bio-
impedance.	Moreover,	 the	 odds	 of	 having	
more	 than	32%	body	 fat	 relative	 to	 those	
who	 remained	 physically	 active	was	 1.18	
for	 those	 who	 decided	 to	 become	 active,	
1.35	 for	 those	 who	 became	 inactive,	 and	
1.60	 for	 those	 who	 remained	 inactive.	 A	
similar	 degree	 of	 benefit	 was	 seen	 in	
terms	 of	 BMI,	 waist	 circumferences	 and	
weight-to-height	 ratios.	 However,	 no	
attenuation	 of	 fat	 accumulation	was	 seen	
with	 involvement	 in	 occupational	 or	
domestic	physical	activity.	
Williamson	 et	 al.	 (1993)	 completed	 a	

10-year	 follow-up	 of	 data	 for	 3515	 men	
and	5810	women,	 initially	 aged	25-74	yr,	
who	 had	 participated	 in	 the	 NHANES	 I	
cohort	 A	 measured	 weight	 gain	 >13	 kg	
was	related	to	a	low	reported	recreational	
activity	 at	 follow-up	 (the	 relative	 risk	 for	
those	 with	 low	 versus	 high	 habitual	
activity	was	3.1	in	men	and	3.8	in	women).	
Moreover,	 cross-sectional	 analyses	
showed	 a	 relationship	 of	 body	 mass	 to	
reported	physical	activity,	both	at	baseline	
and	at	follow-up.	
The	16-year	 longitudinal	 study	of	Beck	

et	al.	 (2006)	provides	some	clue	as	to	the	
minimum	 volume	 of	 physical	 activity	
needed	 to	 avoid	 an	 accumulation	of	 body	
fat.	 Those	 subjects	 who	 increased	 their	
weekly	 activity	 from	 less	 than	 60	min	 to	
an	 average	 of	 134	min	 did	 not	 show	 any	
significant	 attenuation	 of	 the	 in	 gain	 in	
BMI	 relative	 to	 those	 who	 remained	
inactive	 (+0.4	 versus	 +0.9	 kg/m2),	 but	
those	 who	 maintained	 their	 level	 of	
physical	 activity	 throughout	 the	 study	
fared	 significantly	 better	 than	 those	 who	
decreased	 their	 physical	 activity	
(respective	 increases	 in	BMI	of	1.1	vs.	1.6	
kg/min2).	 McTiernan	 et	 al.	 (2007)	
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provided	 further	 evidence	 on	 dosage,	
noting	that	men	and	women	who	engaged	
in	a	substantial	volume	of	physical	activity	
(375	min/wk	in	the	men	and	295	min/wk	
in	 the	 women)	 lost	 weight	 over	 a	 single	
year	 (1.8	kg	 in	 the	men	and	1.4	kg	 in	 the	
women,	 as	 compared	 with	 a	 negligible	
change	 of	 0.1	 kg	 controls).	 The	 active	
individuals	 also	 showed	 a	 reduced	 fat	
mass	 and	 a	 slimmer	waist	 circumference.	
Moreover,	the	loss	of	body	fat	increased	in	
parallel	 with	 the	 individual's	 daily	 step	
count	 and	 with	 gains	 in	 maximal	 oxygen	
intake,	 and	 in	 both	 sexes,	 	 benefits	 were	
greater	 with	 >250	 min/week	 of	 physical	
activity	 than	with	 <250	min/wk.	 These	 2	
studies	 support	 the	 view	 that	 the	
threshold	 dose	 of	 physical	 activity	 for	
maintenance	 of	 a	 stable	 body	 mass	 is	
around	 250	 min	 of	 moderate	 physical	
activity	per	week.		
Most	 of	 the	 studies	 listed	 above	 have	

looked	 at	 the	 benefits	 of	 leisure	 activity,	
but	 Wagner	 et	 al.	 (2001)	 looked	 at	 the	
effects	of	active	commuting.	Over	a	5-year	
follow	up,	 changes	 of	 body	mass	 index	 in	
8865	 men	 aged	 50-59	 yr	 were	 inversely	
related	 to	 the	 energy	 expended	 in	
commuting.	 A	 weekly	 commuter	 energy	
expenditure	 of	 more	 than	 10	MET-h	 was	
associated	 with	 a	 1	 cm	 smaller	 waist	
circumference	 and	 an	 0.3	 kg/m2	
advantage	of	BMI.	
Benefits	have	also	been	 linked	 to	gains	

of	 aerobic	 fitness.	 Thus,	 Di	 Pietro	 et	 al.	
(1998)	 established	 that	 each	 1	minute	 of	
increase	 in	 treadmill	 endurance	 time	
attenuated	 the	 age-related	 weight	 gain	
over	a	7.5-year	follow-up	(p	=	0.001);	this	
amount	 of	 increase	 in	 aerobic	
performance	was	 sufficient	 to	 reduce	 the	
odds	of	 developing	 a	5	kg	weight	 gain	by	
14%	 in	men	 and	 by	 9%	 in	women,	while	
the	 same	 gain	 of	 aerobic	 power	 reduced	

the	odds	of	a	10	kg	gain	 	by	21%	 in	both	
sexes.	 	
Sometimes,	 the	 commonly	 observed	

age-related	 gain	 in	 body	 fat	 has	 been	
compounded	 by	 participation	 in	 a	
smoking	 cessation	 programme.	 However,	
Kawachi	et	al.	 (1996)	noted	 that	 the	26%	
of	 former	 smokers	 who	 also	 increased	
their	physical	 activity	by	an	average	of	 at	
least	 8	 MET-h/week	 gained	 less	 weight	
(1.8	 kg)	 than	 those	 who	 simply	 quit	
smoking	 (2.3	 kg).	 Moreover,	 this	 benefit	
was	 approximately	 doubled	 in	 those	who	
increased	 their	 habitual	 physical	 activity	
by	more	than	16	MET-h/week.	
In	 summary,	 in	middle-aged	 and	 older	

adults,	 a	 physically	 active	 lifestyle	
generally	 reduced	 or	 prevented	 the	 usual	
age-related	 weight	 gain	 experienced	 by	
sedentary	 individuals.	 	 Active	 individuals	
had	 an	 unqualified	 advantage	 of	 body	
composition	in	19	of	21	studies,	in	one	the	
benefit	was	seen	in	men	but	not	in	women,	
and	 in	 one	 study	 added	 aerobics	 did	 not	
augment	the	benefits	already	gained	from	
overall	habitual	physical	activity.	Although	
physical	 activity	 probably	 made	 a	 major	
causal	 contribution	 to	 these	 observed	
benefits,	 there	may	also	have	been	effects	
from	 a	 greater	 overall	 health	
consciousness	 among	 individuals	 who	
chose	 to	 remain	 active	 relative	 to	
sedentary	 individuals,	 and	 the	
contribution	 of	 this	 influence	 remains	 to	
be	clearly	evaluated.	
	
Negative	effects	of	 excessive	 sedentary	
behaviour	upon	body	composition	
Further	information	on	the	relationship	

between	 regular	 physical	 activity	 and	 the	
accumulation	of	 body	 fat	 can	be	obtained	
from	 longitudinal	 studies	 where	 people	
have	 adopted	 or	 maintained	 an	
excessively	 sedentary	 lifestyle	 behaviour,	
usually	 as	 evidenced	 by	 the	 time	 spent	
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each	 week	 in	 watching	 television	
programmes	 and	 operating	 other	
electronic	devices	(Table	9).			
The	 co-variation	 of	 data	 for	 sedentary	

behaviour	 often	 increases	 the	 inverse	
correlation	 between	 regular	 moderate	
physical	 activity	 and	 body	 fat	 content.	
However,	 there	 remains	 a	 need	 to	 clarify	
the	direction	of	associations	between	body	
composition	 and	 a	 sedentary	 lifestyle.	 It	
may	be	that	a	substantial	body	fat	content	
predisposes	 to	 sedentary	 living	 rather	
than	 the	 converse.	 Moreover,	 sedentary	
behaviour	 may	 not	 be	 an	 independent	
marker	 of	 an	 adverse	 lifestyle.	
Measurement	 of	 the	 time	 that	 a	 person	
allocates	to	sedentary	pursuits	may	simply	
be	 identifying	 an	 individual	 who	 takes	
little	 overall	 physical	 activity.	 Certainly,	
the	 association	 between	 a	 fondness	 for	
sedentary	pursuits	and	body	fat	content	is	
weakened	 if	 a	 person's	 data	 is	 co-varied	
for	 habitual	 physical	 activity.	 With	 these	
caveats	 in	mind,	 we	will	 now	 summarize	
some	 of	 the	 more	 interesting	 reports	 on	
this	issue	in	children	and	in	adults.	
	
Studies	of	sedentary	habits	in	children	
Berkey	et	al.	 (2000)	 found	that	 in	boys	

aged	9-14	yr,	gains	of	BMI	were	associated	
with	 the	 time	 that	 they	 spent	 watching	
television,	but	in	girls	of	the	same	age,	the	
increase	of	BMI	was	related	not	only	to	the	
time	 that	 they	 usually	 spent	 watching	
television,	 but	 also	 to	 a	 high	 food	 intake	
and	 a	 low	 level	 of	 habitual	 physical	
activity.	
Dennison	 et	 al.	 (2004)	 attempted	 to	

reduce	 television	 viewing	 in	 a	 half	 of	 a	
sample	 of	 43	 pre-school	 children	 aged	
~3.9	 yr.	 Unfortunately,	 educational	
sessions	 for	 the	 parents	 had	 only	 a	
borderline	 effect	 on	 the	 sedentary	
behaviour	 of	 the	 infants,	 and	 not	
surprisingly	 there	 was	 no	 inter-group	

difference	 in	 body	 mass	 or	 skin-fold	
thicknesses	 between	 intervention	 and	
control	groups	6	months	later.		
Francis	 et	 al.	 	 (2003)	 applied	 a	 path	

analysis	 technique	 to	 data	 for	 t173	 girls	
who	were	examined	at	the	ages	of	5,	7	and	
9	 yr.	 	 Those	 girls	 who	 spent	 more	 time	
watching	television	had	a	greater	increase	
of	 BMI	 over	 the	 4-year	 interval,	 but	 the	
authors	suggested	 that	 this	was	mediated	
mainly	 through	 increased	 snacking	 while	
watching	the	television	rather	than	by	the	
sedentary	behaviour	itself.			
Hancox	 et	 al.	 (2004)	 followed	 1037	 3-

year	 old	 children	 for	 23	 yr,	 finding	 that	
watching	television	for	>2	hr	or	more	per	
day	 between	 the	 ages	 of	 5	 and	 15	 yr	
accounted	 for	17%	of	 their	 excess	weight	
as	seen	at	the	age	of	26	yr	(p=	0.012).		
Proctor	et	al.	(2003)	also	 looked	at	 the	

effects	 of	 extensive	 TV	 watching	 in	 106	
children	who	were	initially	aged	3-5	yr.	At	
the	 end	 of	 a	 7-yr	 follow-up,	 those	 who	
watched	 the	 television	 for	 more	 than	 3	
hours/day	 had	 skin-folds	 totaling	 106.2	
mm,	 whereas	 those	 watching	 less	 than	
1.75	hr	of	television	per	day	had	a	total	of	
only	76.5	mm.	
A	 small	 pilot	 programme	 for	 Afro-

American	girls	(61	students	aged	8-10	yr)	
was	 intended	to	 increase	physical	activity	
and	 reduce	 television	 viewing	 (Robinson	
et	 al.,	 2003).	 Free	 2.5-hr	 dance	 classes	
were	provided	5	d/wk	for	the	intervention	
group.	 Findings	 for	 these	 girls	 were	
compared	 with	 those	 for	 students	 who	
received	only	monthly	health	lectures	and	
a	 health	 newsletter.	 The	 authors	
concluded	 that	 their	 programme	 had	 no	
effects	 on	 physical	 activity,	 body	mass	 or	
waist	circumferences.	
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Table	9:	Reports	of	a	longitudinal	relationship	between	sedentary	behaviour	and	fat	accumulation.	
	

Author	 Sample	 Intervention	 Findings	 Comments	
Studies	in	children	
Berkey	et	al.	(2000)		 6149	girls,	4620	

boys	aged	9-14	
yr	

1	yr	 Gains	of	BMI	in	girls	
related	to	high	food	
intake,	TV	watching	
and	low	physical	
activity	Boys	related	
to	high	TV	watching	
only	

All	effects	on	BMI	
relatively	small	

Dennison	et	al.	
(2004)		

43	pre-school	
children	aged	3.9	
yr	

Educational	
sessions	for	
parents	to	reduce	
child's	TV	viewing	

At	6	months,	
borderline	
reduction	in	TV	
viewing	in	
intervention	group.	
No	effect	on	body	
mass	or	skin-folds	

	

Francis	et	al.	(2003)		 173	girls	
assessed	at	5,	7	
and	9	yr	of	age	

Girls	watching	
more	television	
had	larger	
increase	of	BMI	
over	4	yrs	

Probably	mediated	
through	increased	
snacking	rather	
than	sitting	

Path	model	analysis	

Hancox	et	al.	(2004)			 1037	children	
initially	aged	3	yr		

23	yr	 Watching	TV	
>2h/day	accounts	
for	17%	of	
overweight	at	age	
26	yr	

Sex,	SES,	BMI	at	age	
5	yr,	parental	BMI	

Proctor	et	al.	(2003)	 106	children	
aged	3-5	yr	

7	yr	 TV	and	video	
viewing	>3h/d	vs.	
<1.75	h/d;	skin-
folds	106.2	mm	vs.	
76.5	mm	

BMI,	physical	
activity,	fat	&	total	
energy	intake,	
education,	parental	
BMI	

Robinson	et	al.	
(2003)		

61	F	ages	8-10	yr	 Free	2.5	h	dance	
classes	5	d/wk	+	
attempts	to	reduce	
TV	viewing	vs.	
monthly	health	
lectures	&	
newsletter	

No	effect	of	
intervention	on	
physical	activity,	
body	mass	or	waist	
circumference	over	
12	wks	

	

Studies	in	adults	
Ching	et	al.	(1996)		 22,076	M	

initially	aged	40-
75	yr	

2	yr	 >41	h/wk	TV	
watching	increases	
risk	of	obesity	4.06	
fold		

Benefit	apparently	
independent	of	
physical	activity	
level	

Coakley	et	al.	(1998)		 19,478	men	 TV	use	over	4-yr	
follow-up	

Decrease	of	TV	
watching	associated	
with	modest	weight	
loss	

	

Crawford	et	al.	
(1999)		

176	men,	705	
women	

TV	viewing	vs.	BMI	 Positive	association	
seen	in	women	but	
not	in	men	

Association	
strongest	in	low	
income	women	
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Table	9	Continued	
	

Author	 Sample	 Intervention	 Findings	 Comments	
Ekelund	et	al.	(2008)		 Middle-aged	

adults	(176	M,	
217	F)	

Heart	rate	
estimate	of	
sedentary	time	
over	5.6	yr	follow-
up.	

Fat	mass	&	waist	
circumference	
associated	with	
sedentary	time		over	
6	yr	follow-up		

Reverse	causality	in	
longitudinal	
predictions	

Hu	et	al.	(2003)		 50,277	women	
with	initial	BMI	<	
30	kg/m2	

TV	viewing	 Over	6-yr	follow-up	
2	h/d	increment	in	
TV	viewing	
increases	obesity	
23%,	2	h/d	sitting	at	
work	gives	5%	
increment		

Data	adjusted	for	
age,	smoking,	
physical	activity	&	
diet	

Johanssen	et	al.	
{2008)		

10	lean,	10	obese	
women	

Time	sitting	and	
standing	
measured	over	10	
d.	

Obese	women	sat	
2.5	h	longer	and	
stood	2	h	less	per	
day	

	

Koh-Banerjee	et	al.	
(2003)		

16,587	M	aged	
40-75	

9	yr	 >20	h/wk	TV	
viewing	increased	
skin-folds	by	3.0	
mm	

Age,	BMI,	alcohol,	
energy	intake,	
physical	activity,	
change	in	smoking	
habits,	change	in	
BMI	

Myers	et	al.		(2017)		 71	adults	 Sense-arm	band	
worn	for	7	d	&	
dietary	
questionnaire	
completed	

Sedentary	
behaviour	positively	
correlated	with	fat	
mass	and	waist	
circumference	

	

Mortensen	et	al.	
(2008)		

4596	middle-
aged	men	and	
women		

Sedentary	lifsstyle	
investigated	
relative	to	BMI	
over	13	yr	follow-
up	

BMI	predicted	
becoming	
sedentary,	but	
sedentary	behaviour	
did	not	predict	
increase	of	BMI	
unless	account	
taken	of	changes	in	
physi.	activity		

	

Qi	et	al.	(2012)		 7749	women,		
4564	men	

TV	watching		 Genetic	
predisposition	to	
obesity	enhanced	by	
TV	watching	

	

Raynor	et	al.	(2006)		 1422	registrants	
in	US	weight	
control	registry	

Reported	TV	
viewing	

1	yr	weight	gain	
associated	with	
baseline	TV	viewing	
&	increases	in	TV	
viewing		

Data	controlled	for	
diet	and	physical	
activity	

Staiano	et	al.	(2018)		 71	adults	aged	
20-35	yr	

Sedentary	time	
measured	by	
accelerometer	

High	sedentary	time	
predicted	baseline	
but	not	future	
obesity	

	

Vioque	et	al.	(2000)		 814	men.	958	
women		

Watching	TV	>	
4h/d	vs.	<	1	h/d	

Odds	ratio	of	
obesity	2.38	
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Studies	of	sedentary	habits	in	adults.	
Ching	et	al.	(1996)	carried	out	a	2-year	

study	on	22,076	men	 initially	 aged	40-75	
yr.	 	 A	 higher	 baseline	 physical	 activity	
reduced	 the	 risk	of	becoming	overweight,	
but	 prognosis	was	 also	 influenced	 by	 the	
extent	 of	 television	 viewing.	 In	 those	
watching	 the	 television	 or	 using	 a	 VCR	
more	 than	 41	 hours/week,	 there	 was	 a	
4.06-fold	increase	in	the	odds	of	becoming	
overweight,	 with	 this	 disadvantage	
apparently	 being	 independent	 of	 physical	
activity	levels.	
Coakley	 et	 al.	 (1998)	 found	 that	 in	 a	

study	 of	 19,478	 men,	 a	 decrease	 of	
television	 watching	 was	 one	 of	 several	
factors	 associated	 with	 a	 modest	 weight	
loss	over	a	4-year	follow-up.	
Crawford	 et	 al.	 (1999)	 made	 a	 cross-

sectional	 comparison	 between	 the	
television	 viewing	 habits	 and	 BMI	 in	 176	
men	 and	 705	 women.	 A	 positive	
association	was	seen	in	the	women	but	not	
in	 the	 men,	 this	 relationship	 being	
strongest	 for	 lower	socio-economic	status	
women.		
Ekelund	 et	 al.	 (2008)	 noted	 that	 in	 a	

sample	 of	 middle-aged	 adults	 (176	 men	
and	 217	 women	 aged	 ~	 50	 yr),	 fat	 mass	
and	 waist	 circumference	 were	 both	
related	 to	 the	 amount	 of	 time	 spent	
viewing	television.	
Hu	 et	 al.	 (2003)	 completed	 a	 6-year	

follow-up	 of	 50,277	 women	 participating	
in	 the	 Nurses'	 Health	 Study,	 focusing	 on	
those	 women	 whose	 initial	 BMI	 was	 less	
than	 30	 kg/m2.	 After	 allowing	 for	 the	
effects	 of	 age,	 smoking,	 physical	 activity	
and	 diet,	 for	 each	 2	 hours	 per	 day	 of	
television	 watching,	 the	 relative	 risk	 of	
developing	obesity	over	the	6	yr	increased	
by	 23%,	 and	 each	 2	 hours/day	 that	 was	
spent	 sitting	 over	 this	 period	 also	
increased	 the	 risk	 by	 5%,	 Habitual	
physical	 	 activity	 and	 diet	 were	 also	

associated	 with	 age	 and	 sex-adjusted	 fat	
mass	 and	 waist	 circumference,	 both	 at	
baseline	 and	 at	 follow-up	 (when	 fat	mass	
had	 increased	 by	 an	 average	 of	 ~	 2	 kg).		
The	 data	 further	 suggested	 that	 fat	 mass	
predicted	 the	 likelihood	 of	 future	
sedentary	behaviour.	
Johanssen	 et	 al.	 (2008)	 examined	 the	

role	of	posture	allocation	in	10	lean	and	10	
obese	women	over	a	10-day	period.	They	
found	 that	 the	 obese	 women	 sat	 for	 2.5	
hours	longer	each	day,	and	were	standing	
for	2	hours	less	than	those	who	were	lean.	
Koh-Banerjee	 et	 al.	 (2003)	 studied	

18,587	 men	 initially	 aged	 40-75	 yr	 for	 9	
yr.	 Self-reports	 of	 watching	 television	 for	
more	 than	 20	 hours	 per	 week	 were	
accompanied	by	a	3	cm	greater	increase	of	
waist	 circumference	 over	 the	 period	 of	
observation.	
Mortensen	 et	 al.	 (2008)	 followed	4596	

middle-aged	 men	 and	 women	 for	 13	 yr.	
The	BMI	 consistently	 predicted	 becoming	
sedentary	over	 this	period,	 but	 sedentary	
lifestyle	 did	 not	 predict	 changes	 in	 BMI,	
unless	 concurrent	 changes	 in	 physical	
activity	were	taken	into	account.	
Myers	et	al.	(2017)	monitored	71	adults	

by	 means	 of	 a	 Sense-wear	 arm-band	 for	
one	week.	Sedentary	behaviour	proved	to	
be	positively	correlated	with	both	fat	mass	
and	waist	circumference.	
Qi	 et	 al.	 (2012)	 reported	 that	 the	

genetic	 predisposition	 to	 obesity	 in	 7749	
women	 and	 4564	 men	 was	 enhanced	 in	
those	 reporting	 extensive	 television	
watching.		
Raynor	 et	 al.	 (2006)	 noted	 that	 after	

controlling	 data	 for	 physical	 activity	 and	
diet,	 both	 initial	 television	 viewing	 and	
increases	in	viewing	time	were	associated	
with	 the	 one-year	 gain	 of	 body	 mass	
among	 1422	 registrants	 in	 the	US	weight	
control	registry.	
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Staiano	 et	 al.	 (2018)	 used	 an	
accelerometer	to	assess	sedentary	time	in	
71	 non-obese	 adults	 initially	 aged	 20-35	
yr.	 A	 high	 sedentary	 time	was	 associated	
with	 baseline	 obesity,	 but	 sedentary	 time	
did	 not	 predict	 future	 obesity	 over	 a	 2-
year	 follow-up.	 Vioque	 et	 al.	 (2000)	
evaluated	television-viewing	habits	in	814	
men	 and	 958	 women.	 The	 odds	 ratio	 of	
obesity	among	those	who	spent	more	than	
4	 hours	 per	 day	 watching	 television	 was	
2.38	relative	to	those	who	spent	less	than	
1	hour	per	day	in	this	fashion.	
In	 summary,	 the	 tendency	 of	 a	 person	

to	 sedentary	 behaviour	 has	 usually	 been	
assessed	 by	 the	 hours	 per	 week	 spent	
watching	 television.	 In	 children,	 4	 of	 6	
such	 reports	 showed	 an	 association	
between	 sedentary	 behaviour	 and	 the	
development	of	obesity,	although	in	one	of	
these	 it	 was	 thought	 that	 the	 underlying	
mechanism	 was	 associated	 snacking	
rather	 than	 sitting.	 One	 of	 the	 2	 negative	
reports	covered	a	period	of	only	12	weeks	
of	 observation.	 In	 adults,	 10	 of	 13	
associations	 between	 obesity	 and	
television	viewing	were	positive	(although	
one	 was	 only	 positive	 in	 women).	 Of	 the	
remaining	 3	 reports,	 two	 found	 an	
association	 at	 baseline,	 but	 not	 in	
longitudinal	studies,	and	in	the	final	study,	
sedentary	 behaviour	was	 associated	with	
obesity,	but	this	was	thought	to	occur	only	
because	 sitting	 had	 negative	 effect	 upon	
the	 individual's	 weekly	 involvement	 in	
physical	activity.	
	
Accumulation	 of	 body	 fat	 with	
modernization	 of	 the	 Indigenous	
lifestyle	
Over	 the	 past	 several	 decades,	

numerous	 indigenous	 communities	
around	 the	 world	 have	 experienced	
dramatic	 decreases	 in	 their	 habitual	
physical	activity,	as	they	have	shifted	from	

a	 hunter-gatherer	 lifestyle	 and	 have	
become	 acculturated	 to	 the	 sedentary	
habits	of	current	western	civilization.	The	
changes	 of	 body	 composition	 seen	 in	
various	previously	very	active	populations	
have	 been	 detailed	 elsewhere	 (Shephard	
and	Rode,	1996).	For	our	present	purpose,	
it	 suffices	 to	 look	 at	 the	 Inuit	 community	
of	 Igloolik,	 on	 the	 Arctic	 coastline	 of	
Canada,	 a	 small	 settlement	 where	 the	
social	 and	 biological	 changes	 occurring	
from	1970	to	1990	have	been	examined	in	
considerable	detail.	
In	1970,	many	of	the	Inuit	people	living	

in	 the	 vicinity	 of	 Igloolik	 had	 recently	
moved	 from	 traditional	 igloos	 and	
temporary	 summer	 hunting	 camps	 into	
rows	of	 small	pre-fabricated	houses,	built	
within	the	confines	of	a	village.	The	size	of	
the	 settled	 population	 quickly	 rose	 to	
some	1000.	Nevertheless,	during	the	early	
1970s	 many	 of	 those	 occupying	 the	 new	
housing	 were	 still	 living	 largely	 off	 the	
land,	 incurring	 energy	 expenditures	 as	
high	 as	 16	 MJ/day	 during	 long-distance	
hunting	 and	 gathering	 expeditions.	 	 The	
settling	 of	 the	 region's	 population	 in	 a	
single	hamlet	allowed	provision	of	a	K-12	
school,	 a	 nursing	 station	 and	 a	 police	
service.	However,	 the	 concentration	 of	 so	
many	 people	 in	 a	 single	 hamlet	 quickly	
depleted	 regional	 supplies	 of	 game,	 and	
most	 of	 the	 local	 people	 were	 obliged	 to	
abandon	 their	 traditional	 lifestyle,	
purchasing	food	at	the	village	store.		They	
experienced	 a	 drastic	 decline	 in	 daily	
energy	 expenditures	 as	 they	 curtailed	
their	hunting	expeditions,	and	this	change	
of	 lifestyle	 was	 marked	 by	 a	 substantial	
drop	 in	 aerobic	 fitness,	 with	 an	
accumulation	 of	 body	 fat	 (Table	 10).	 The	
increase	 in	 body	 fat	 content	 was	
documented	not	only	as	an	increase	in	the	
average	 thickness	 of	 standard	 skin-folds,	
but	 also	 by	 changes	 in	 estimates	 of	 body	
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fat	content	based	on	underwater	weighing	
and	 the	 dilution	 of	 doubly-labeled	 water.	
However,	 because	 the	 decreased	 energy	
expenditure	 led	 to	 a	 substantial	 loss	 of	
lean	 tissue,	 fat	 accumulation	 was	 less	
obvious	 in	 terms	 of	 an	 increase	 in	 the	
body	mass	index.	
Data	 accumulated	 during	 the	

acculturation	of	this	community	offers	yet	
one	more	proof	of	an	association	between	
a	decrease	in	habitual	physical	activity	and	
an	accumulation	of	body	fat.	Nevertheless,	
interpretation	must	remain	cautious,	since	
a	part	of	the	responsibility	 for	the	altered	
body	 composition	 may	 also	 lie	 in	 the	
transition	 from	 "country"	 to	 shop	 food,	
and	 other	 more	 general	 consequences	 of	
adopting	a	modern	western	lifestyle.	
	 	

Table	10:	Changes	in	skin-fold	thickness,	body	
mass	index	and	aerobic	fitness	of	Igloolik	Inuit	
from	1970	to	1990,	as	the	community	
transitioned	from	a	hunter-gatherer	to	a	
modern	settled	lifestyle	(based	on	data	of	
Shephard	and	Rode,	1996).	
	
Age	
group	
(yr)	

Men	
(1970)	

Men	
(1990)	

Women	
(1970)	

Women	
(1990)	

Average	thickness	of	3	skin-folds	
(mm)	

20-29	 5.5	 7.1	 8.5	 12.0	
30-39	 6.3	 8.4	 9.2	 13.5	
40-49	 5.4	 10.1	 7.0	 16.4	
50-59	 7.9	 8.6	 19.0	 11.2	
	 Body	mass	index	(kg/m2)	
20-29	 24.4	 23.8	 23.2	 23.1	
30-39	 24.9	 25.8	 23.9	 25.4	
40-49	 25.3	 26.9	 23.7	 27.9	
50-59	 2f5.8	 26.4	 27.5	 24.0	
	 Maximal	oxygen	intake	(mL/[kg.min])	
20-29	 58.4	 51.1	 48.1	 41.0	
30-39	 55.5	 46.0	 46.3	 35.2	
40-49	 51.6	 41.5	 40.8	 30.7	
50-59	 41.6	 35.2	 36.4	 27.7	
	
	
	

Randomized	 controlled	 trials	 of	
physical	 activity	 in	 the	 prevention	 of	
obesity	
In	 principle,	 randomized	 controlled	

trials	should	offer	the	clearest	measure	of	
the	efficacy	of	physical	activity	as	a	means	
of	preventing	obesity.	There	have	already	
been	many	published	trials	looking	at	this	
question	 on	 people	 of	 all	 ages	 from	 early	
childhood	 to	 old	 age,	 but	 sometimes	
studies	have	been	relatively	short-term	in	
nature,	 and	 often	 the	 primary	 objective	
has	 been	 to	 treat	 established	 obesity	
rather	 than	 to	 prevent	 its	 appearance.	 In	
such	 investigations,	 there	have	commonly	
been	 accompanying	 dietary	 restrictions,	
leaving	 unclear	 the	 relative	 contributions	
of	 physical	 activity	 and	 dieting	 to	 any	
observed	benefits	(Thivel	et	al.,	2019).	
	
Randomized	 controlled	 studies	 on	
children	
Numerous	 investigators	 have	 used	

randomized	controlled	trials	to	look	at	the	
efficacy	 of	 exercise	 programmes	 as	 a	
means	 of	 preventing	 the	 development	 of	
obesity	in	children.	However,	all	too	often	
the	 increase	 of	 physical	 activity	 actually	
achieved	 has	 been	 disappointingly	 small	
and/or	the	follow-up	period	has	been	only	
a	 few	 weeks.	 It	 is	 thus	 hardly	 surprising	
that	 many	 of	 these	 investigations	 have	
seen	 little	 impact	 upon	 the	 body	
composition	 of	 participants.	 Where	 diet	
has	 not	 been	 controlled,	 it	 is	 also	 likely	
that	 children	 have	 chosen	 to	 compensate	
for	 any	 added	 activity	 simply	 by	 eating	
more.	Moreover,	BMI	has	commonly	been	
adopted	as	the	criterion	of	obesity,	with	a	
strong	 potential	 for	 the	 masking	 of	
beneficial	 effects	 in	 the	 active	 arm	 of	 a	
trial	 because	 of	 an	 increase	 in	 their	 lean	
tissue	 mass.	 Further,	 if	 an	 increase	 of	
physical	 activity	 has	 been	 coupled	 with	
substantial	dietary	restrictions,	it	has	been	
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impossible	 to	 discern	 the	 relative	 impact	
of	 the	 two	 components	 of	 treatment.	
Finally,	 some	 studies	 have	 recruited	
relatively	 few	 obese	 students,	 thus	
limiting	 the	 potential	 for	 a	 favourable	
programme	response	to	develop.	
One	systematic	review	(McGovern	et	al.,	

2008)	 found	 that	 17	 randomized	
controlled	 trials	 of	 increased	 physical	
activity	 involving	 children	 had	 yielded	
inconsistent	 results,	 with	 on	 average	 no	
significant	 decrease	 of	 BMI	 in	 the	
intervention	 group	 relative	 to	 controls;	
however,	 this	 may	 simply	 be	 because	
there	was	an	 increase	of	 lean	 tissue	mass	
among	the	individuals	who	increased	their	
habitual	 physical	 activity.	 More	
importantly,	 the	 experimental	 groups	
showed	a	 significant	decrease	of	 fat	mass	
(an	 average	 of	 0.52	 kg,	 95%	 confidence	
limits	 -0.30-0.73	 kg).	 Beneficial	 effects	
were	 generally	 greater	 when	 there	 had	
also	been	dietary	restrictions	and	parental	
involvement	 in	 changing	 the	 child's	
lifestyle.		
Another	 meta-analysis	 (Harris,	

Kuramoto,	 Schulzer,	 and	 Retallack,	 2009)	
identified	 18	 trials	 involving	 physical	
activity	 programmes	 for	 children,	 but	 in	
15	of	 the	18	studies	there	had	been	some	
type	 of	 co-intervention,	 usually	 dietary.	
Observations	had	continued	 for	6	months	
to	3	yr,	but	no	consistent	advantage	of	BMI	
had	 been	 seen	 in	 the	 experimental	 group	
relative	 to	 control	 students.	 Ten	 of	 these	
studies	 included	 more	 direct	 indices	 of	
body	 composition	 than	 BMI	
measurements,	 for	 instance	 skin-fold	
readings	or	estimates	of	body	 fat	content,	
but	 in	 only	 3	 of	 these	 10	 trials	 was	 an	
advantage	of	body	composition	seen	in	the	
supposedly	more	 active	 group.	Moreover,	
in	 investigations	 where	 objective	
measures	 of	 increases	 in	 physical	 activity	
such	 as	 pedometer	 step	 counts	 or	

accelerometer	 data	 were	 obtained,	 the	
experimental	group	was	often	found	to	be	
taking	 little	 more	 physical	 activity	 than	
those	 who	 had	 been	 assigned	 to	 the	
control	group.		
A	 third	 meta-analysis	 found	 a	 total	 of	

30	 studies	 involving	 145,326	 children,	
with	accelerometer	records	of	the	physical	
activity	attained	in	6153	of	these	subjects	
(Metcalf,	 Henley,	 and	Wilkin,	 2012).	 This	
report	 again	 found	 that	 overall,	 only	
negligible	 increases	 in	 moderately	
vigorous	 and	 vigorous	 physical	 activity	
were	 achieved	 in	 the	 intervention	 groups	
(at	 most,	 an	 additional	 4	 min	 walking	 or	
running	 per	 day).	 The	 authors	 of	 this	
review	 suggested	 several	 possible	
explanations	 for	 the	 failure	 to	 augment	
physical	 activity:	 the	programme	delivery	
may	 have	 been	 poor	 or	 of	 insufficient	
intensity,	 it	 may	 not	 have	 been	 well	
accepted	by	the	students,	or	it	may	simply	
have	 replaced	other	pre-existing	 forms	of	
physical	 activity	 of	 similar	 metabolic	
intensity.	 In	 any	 event,	 it	 was	 not	
surprising	that	with	no	change	in	habitual	
activity,	 few	 significant	 changes	 of	 body	
composition	were	observed.		
Other	 systematic	 reviews	 have	 found	

little	 benefit	 from	 most	 childhood	 anti-
obesity	programmes	(Kameth	et	al.,	2008).		
Janssen	 and	 LeBlanc	 (2010)	 underlined	
the	 problem	 that	 most	 of	 the	 published	
interventions	 provided	 the	 experimental	
students	 with	 far	 too	 little	 additional	
physical	 activity.	 For	 health	 benefits,	 the	
minimum	 effective	 dose	 was	 at	 least	 60	
min/d	 of	 moderately	 vigorous	 physical	
activity,	and	where	possible	an	increase	to	
several	 hours	 per	 day	 should	 be	
facilitated.	
In	 reviewing	 individual	 studies,	 it	 is	 thus	
useful	 to	 distinguish	 those	 that	 failed	 to	
achieve	 a	 significant	 increase	 of	 physical	
activity	and/or	physical	fitness	from	those	
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that	were	successful	in	this	regard	(Tables	
11	and	12).		
	
Studies	 where	 physical	 activity	 was	
either	 not	 measured	 or	 was	 not	
substantially	increased.		
Bäcklund	 et	 al.	 (2011)	 examined	 the	

efficacy	 of	 a	 family-based	 lifestyle	
programme	in	a	sample	of	105	overweight	
or	obese	children	aged	8-12	yr.	The	impact	
of	 the	programme	upon	habitual	 physical	
activity	 was	 evaluated	 by	 a	 Sense-wear	
arm-band.	 The	 intervention	 led	 to	 a	
decrease	 rather	 than	 an	 increase	 of	 daily	
step	 count,	 and	 there	 was	 no	 change	 of	
screen	 viewing	 time,	 so	 not	 surprisingly	
there	was	also	no	inter-group	difference	of	
BMI	at	the	end	of	2	yr.	
Coleman	 et	 al.	 (2005)	 evaluated	 744	

primary	school	children	initially	aged	~8.3	
yr.	A	three-year	programme	of	nutritional	
information	 and	 enhanced	 physical	
education	 yielded	 some	 improvement	 of	
times	 on	 a	 one-mile	 run,	 but	 the	 average	
BMI	 and	 waist-hip	 ratios	 remained	
essentially	 as	 in	 the	 control	 students.	
Moreover,	 by	 the	 end	 of	 the	 programme,	
the	 time	 spent	 on	 vigorous	 physical	
activity	 differed	 only	marginally	 between	
experimental	 and	 control	 students.	 The	
one	favourable	trend	in	body	composition	
was	the	finding	of	a	smaller	proportion	of	
overweight	 children	 in	 the	 experimental	
group.	
Fitzgibbon	 et	 al.	 (2011)	 evaluated	 a	

teacher-administered	 weight	 control	
programme	 in	 a	 group	 of	 818	 "black"	
children	 initially	 aged	 ~4.5	 yr.	 After	 14	
weeks	 of	 intervention,	 there	 was	 a	 7.5	
min/d	 increase	 of	 moderately	 vigorous	
physical	activity	and	a	28	min/d	decrease	
of	screen	viewing	time	in	the	experimental	
group,	but	this	had	no	significant	effect	on	
the	 BMI	 Z	 score	 relative	 to	 control	
students.	 	

Gentile	 et	 al.	 (2009)	 adopted	 a	 multi-
phasic	 campaign	 to	 increase	 physical	
activity,	 reduce	 screen-viewing	 times	 and	
improve	 diet.	 A	 group	 of	 323	 students	
initially	 aged	 ~9.6	 yr	 were	 allocated	
between	experimental	and	control	groups.	
The	 experimental	 programme	 induced	 a	
small	 increase	 of	 step	 count	 at	 6	months	
(an	increase	of	380	steps/day),	with	some	
reduction	 of	 screen-viewing	 time	 (1.3	
h/week	 according	 to	 the	 students,	 1.8	
h/week	 according	 to	 their	 parents),	 but	
the	 BMI	 of	 the	 intervention	 group	
remained	 closely	 similar	 to	 that	 of	 the	
control	students.		
Hopper	et	al.	(2005)	instituted	a	family	

fitness	 and	 nutritional	 programme,	
evaluating	the	efficacy	of	this	initiative	on	
a	 sample	 of	 238	 grade	 3	 students.	 At	 the	
end	 of	 20	weeks,	 the	 experimental	 group	
showed	 some	 benefits	 in	 terms	 of	 both	 a	
smaller	increase	in	BMI	(a	change	of	+0.32	
versus	 +	 0,75	 kg/m2	 in	 the	 controls)	 and	
skin-fold	thicknesses	also	increased	a	little	
less	 (an	 average	 of	 +1.13	 mm	 in	 the	
experimental	 group	 versus	 +1.30	 mm	 in	
the	controls).	The	experimental	group	also	
showed	 a	 small	 improvement	 in	 their	
times	 over	 a	 1-mile	 run,	 but	 so	 did	 the	
control	 group.	No	 formal	 assessment	was	
made	of	 the	extent	of	 changes	 in	physical	
activity	 induced	 by	 the	 experimental	
programme.	
Hughes	 et	 al.	 (2008)	 evaluated	 a	 "best	

practice"	 behavioural	 approach	 in	 134	
overweight	 children,	 aged	 5-11	 yr.	 The	
intervention	 group	 received	 family-
centred	 counseling	 on	 physical	 activity,	
nutrition	 and	 methods	 of	 avoiding	
sedentary	 behaviour.	 Evaluation	 at	 6	 and	
12	 months	 showed	 the	 experimental	
group	 with	 only	 a	 small	 advantage	 over	
the	controls	in	terms	of	a	smaller	decrease	
in	 light	 physical	 activity	 (-0.5%	 versus	 -
3.8%)	and	a	smaller	increase	in	sedentary	
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behaviour	 (+0.05%	 versus	 +4.5%),	 with	
no	 significant	 inter-group	 difference	 of	
BMI.	
Kipping	 et	 al.	 (2008)	 attempted	 to	

adapt	 an	 American	 obesity	 reduction	
programme	 to	 English	 schools.	 Teachers	
were	asked	to	teach	16	classes	on	physical	
activity,	 nutrition,	 and	 methods	 of	
reducing	 sedentary	 time	 over	 a	 5-month	
period,	 in	 a	 trial	 that	 involved	 472	
children	aged	9-10	yr.	At	 the	end	of	 the	5	
months,	 there	 was	 a	 small	 trend	 to	 a	
statistically	 insignificant	 reduction	 of	
screen-viewing	 time	 in	 the	 experimental	
students	 (an	 average	 reduction	 of	 about	
11.6	 min/d	 on	 weekdays),	 and	 a	 greater	
likelihood	 of	 using	 active	 methods	 of	
transportation	 to	 travel	 to	 and	 from	
school,	 but	 there	 were	 no	 inter-group	
differences	 of	 BMI	 or	 the	 prevalence	 of	
obesity.	
Klesges	 et	 al.	 (2010)	 evaluated	 an	

obesity	 prevention	 programme	 in	 303	
African	 American	 girls	 initially	 aged	 8-10	
yr.	 The	 experimental	 students	 received	
dietary	and	physical	activity	counseling	at	
the	local	YWCA,	but	after	2	yr	they	did	not	
differ	 significantly	 from	 control	 students	
in	 terms	 of	 either	 their	 habitual	 physical	
activity	or	their	BMI.	
Luepker	et	al.	 (1996)	made	an	analysis	

of	 the	 "CATCH"	 multi-phasic	 nutritional	
and	 physical	 activity	 programme,	
conducted	 in	 grades	 3	 through	 five	 at	 28	
schools.	 The	 vigorous	 physical	 activity	 of	
the	intervention	group	was	increased	by	8	
min	 per	 day	 relative	 to	 controls,	 but	 the	
total	 amount	 of	 daily	 physical	 activity	
showed	 no	 inter-group	 difference,	 and	 at	
the	 end	 of	 3	 yr	 the	 intervention	 had	
produced	no	favourable	changes	in	BMI	or	
skin-fold	readings.	
Lohman	 et	 al.	 (2003)	 focused	 upon	

1368	American	Indian	children	who	were	
initially	 enrolled	 in	 Grade	 2.	 The	

experimental	 students	 participated	 in	 a	
multi-phasic	 obesity	 prevention	
programme,	 but	 over	 a	 3-year	 follow-up	
they	 showed	 little	 difference	 in	 the	
increase	of	 skin-fold	 thicknesses	 (+6.1	vs.	
6.4	mm)	or	 in	 bioimpedance	 estimates	 of	
body	 fat	 relative	 to	 controls	 (+5.7	 versus	
+6.1%	 body	 fat).	 The	 impact	 of	 the	
programme	 upon	 daily	 physical	 activity	
does	not	seem	to	have	been	measured.	
Marcus	 et	 al.	 (2005)	 studied	 3135	

Swedish	 children	 in	 Grades	 1-4.	 A	 half	 of	
the	 sample	 underwent	 a	 dietary	
intervention,	 and	 participated	 in	 an	
additional	 30	 min/d	 of	 physical	 activity	
while	 they	were	at	school.	However,	after	
4	yr,	neither	BMI	nor	total	physical	activity	
showed	 any	 inter-group	 difference.	 The	
only	 possible	 gain	 from	 the	 intervention	
was	 some	 reduction	 in	 the	 number	 of	
students	 in	 the	 experimental	 group	 who	
were	classed	as	obese.	 	
Neumark-Sztainer	 et	 al.	 (2003)	

involved	 9th-12th	 grade	 girls	 in	 a	
programme	 that	 offered	 4	 additional	
physical	 activity	 sessions	 per	 week,	
together	 with	 nutritional	 guidance.	 After	
16	 weeks,	 data	 were	 compared	 with	
students	 who	 had	 received	 only	 written	
information	 on	 physical	 activity	 and	
nutrition.	 No	 significant	 inter-group	
differences	 in	 BMI	 or	 physical	 activity	
were	seen	as	a	result	of	this	intervention.	 	
Pangrazi	 et	 al.	 (2003)	 compared	 a	

combination	 of	 lifestyle	 activities	 and	
physical	 education	 with	 either	 lifestyle	
activities	 alone	 or	 no	 treatment	 in	 a	
sample	of	600	4th	grade	students	 initially	
aged	 ~9.8	 yr.	 	 Increases	 of	 pedometer	
counts	of	~	1500	 steps/day	were	 seen	 in	
both	of	the	intervention	groups.	The	study	
only	 lasted	 12	 weeks,	 and	 no	 significant	
effect	on	BMI	was	seen	over	this	period.	
Pate	 et	 al.	 (2005)	 sought	 to	 augment	

habitual	 physical	 activity	 in	 high-school	
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girls	 by	 an	 improvement	 in	 the	 physical	
education	curriculum.	In	a	sample	of	2744	
girls	 initially	 aged	 ~13.6	 yr,	
questionnaires	suggested	that	at	one	year	
experimental	 students	 had	 made	 only	
minor	 changes	 in	 their	 habitual	 physical	
activity,	 and	 in	 consequence	 there	 was	
little	 difference	 in	 the	 prevalence	 of	
obesity	between	experimental	and	control	
girls.	
Reed	 et	 al.	 (2008)	 introduced	 a	 16-

month	 "Active	 School"	 model	 to	 British	
Columbian	students	initially	aged	9-11	yr.	
After	 16	 months,	 the	 intervention	 group	
showed	 only	 minor	 changes	 in	 their	
habitual	physical	activity,	and	the	BMI	did	
not	 differ	 between	 experimental	 and	
control	groups.	However,	perhaps	because	
of	 practice	 effects,	 the	 shuttle-run	 score	
was	improved	for	the	experimental	group.		
Reilly	et	al.	(2006)	introduced	three	30-

minute	physical	activity	sessions	per	week	
into	 the	 programme	 of	 pre-school	
nurseries	 where	 the	 average	 age	 of	 the	
children	was	~4.2	yr.	Accelerometer	data	
showed	no	greater	physical	activity	and	no	
greater	 reduction	 of	 sedentary	 behaviour	
in	 the	 experimental	 students	 than	 in	 the	
controls	 at	6	or	12	months,	 and	no	 inter-
group	 differences	 of	 BMI	 Z	 scores	
developed.	 However,	 the	 experimental	
group	did	have	some	final	advantage	over	
the	 controls	 in	 terms	 of	 enhanced	 motor	
skills.	
Sahota	 et	 al.	 (2001)	 involved	 half	 of	 a	

group	of	636	primary	school	students	in	a	
healthy	 eating	 and	 lifestyle	 intervention,	
while	the	remaining	students	followed	the	
normal	school	curriculum.	At	the	end	of	1	
year,	 they	 saw	 no	 changes	 of	 physical	
activity	 or	 of	 sedentary	 behaviour	 as	 a	
result	of	 the	 intervention,	and	 there	were	
no	 final	 inter-group	 differences	 of	 BMI	
between	 the	 intervention	 and	 the	 control	
group.		

Sallis	et	al.	(2003)	attempted	to	change	
the	 eating	 habits	 and	 physical	 activity	
patterns	 of	 students	 who	 were	 attending	
12	 of	 24	 Middle	 Schools	 in	 San	 Diego,	
California.	 At	 the	 end	 of	 2	 yr,	 they	
unfortunately	found	no	significant	changes	
in	 either	 habitual	 physical	 activity	 or	
sedentary	 time	 in	 the	 intervention	 group,	
and	 not	 surprisingly	 there	 were	 also	 no	
changes	 of	 BMI	 relative	 to	 students	
attending	control	schools.	
Seo	 et	 al.	 (2019)	 involved	 103	 obese	

children	and	adolescents	in	the	evaluation	
of	 a	 multi-disciplinary	 exercise	
programme.	 At	 16	 weeks,	 the	 exercised	
students	showed	favourable	Z	scores	with	
respect	 to	 both	 BMI	 and	 skin-fold	
thicknesses.	 The	 programme	 also	 had	
favourable	 effects	 upon	 cardio-metabolic	
risk	 factors,	 and	 increased	 lean	 tissue	
mass	 and	 muscular	 strength.	 	 However,	
daily	 physical	 activity	 levels	 were	 not	
measured,	 and	 the	 heart	 rate	 following	 a	
simple	 step	 test	 remained	 similar	 to	 that	
seen	in	the	control	group.	
Taylor	 et	 al.	 (2007)	 recruited	 730	

children	initially	aged	5-12	yr	to	a	trial	of	a	
community-based	 obesity	 prevention	
programme.	 The	 experimental	 students	
received	 a	 community-based	 nutritional	
programme	 and	 the	 opportunity	 to	
participate	 in	 a	 number	 of	 physically	
active	events	such	as	walks	out	of	 school,	
although	no	formal	measures	of	total	daily	
physical	activity	were	made.	At	the	end	of	
2	yr,	the	BMI	of	the	experimental	students	
had	a	lower	Z	score	than	that	of	controls	(-
0.26),	 and	 the	 average	 waist	
circumference	 was	 also	 1	 cm	 less,	 but	
there	was	no	inter-group	difference	in	the	
prevalence	 of	 obesity,	 suggesting	 that	 the	
programme	 may	 have	 been	 helpful	 to	
those	 who	 were	 not	 obese,	 but	 was	 less	
useful	 to	 those	 who	 were	 already	
overweight	or	obese.	
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Wafa	et	al.	(2011)	tested	the	impact	of	8	
hours	of	group	advice	on	physical	activity	
and	nutrition	over	a	26-week	intervention	
in	a	group	of	107	obese	children	aged	7-11	
yr.	After	6	months,	the	experimental	group	
showed	 no	 advantage	 over	 controls	 in	
terms	 of	 BMI	 or	 accelerometer	 measures	
of	habitual	physical	activity.	
Wake	 et	 al.	 (2009)	 attempted	 to	

improve	 the	 health	 behaviours	 of	 258	
obese	 schoolchildren	 aged	 5-10	 yr	 by	 a	
brief	period	of	physician	counseling.	After	
6	months,	the	experimental	group	showed	
no	advantage	relative	to	controls	in	terms	
of	 BMI	 or	 habitual	 physical	 activity	 as	
monitored	 by	 an	 accelerometer.	 Another	
study	 by	 the	 same	 research	 group	
(McCallum	 et	 al.,	 2007)	 examined	 the	
effects	 of	 4	 physician	 consultations	 on	 a	
sample	 of	 2112	 obese	 children	 initially	
aged	 5-10	 yr;	 it	 also	 found	 no	 significant	
differences	 between	 experimental	 and	
control	students	at	9	and	15	months.	
Webber	 et	 al.	 (2008)	 endeavoured	 to	

increase	the	physical	activity	of	a	half	of	a	
sample	of	5510	middle-school	girls	over	a	
2-year	 intervention.	 Their	 efforts,	 as	
assessed	 by	 accelerometry,	 were	 largely	
unsuccessful,	with	the	average	duration	of	
moderately	 vigorous	 physical	 activity	
exceeding	 that	 of	 the	 control	 group	 by	
only	1.6	min/day.	It	is	thus	not	surprising	
that	 they	 observed	 no	 final	 inter-group	
differences	 of	 BMI,	 triceps	 skin-fold	
thicknesses	or	aerobic	fitness.	
	
Studies	 where	 physical	 activity	 was	
increased	substantially.		
Carrell	 et	 al.	 (2005)	 undertook	 a	

randomized	 9-month	 trial	 in	 58	
overweight	 middle-school	 children	
initially	 aged	 ~12.5	 yr.	 	 In	 the	
experimental	subjects,	the	standard	school	
gymnastics	classes	(five	45-minute	classes	
every	2	weeks)	were	replaced	by	lifestyle,	

fitness-oriented	 instruction,	 with	 more	
individual	 attention	 to	 ensure	 the	 active	
involvement	 of	 all	 students.	 The	 revised	
classes	 also	 provided	 the	 children	 with	
some	dietary	information.	After	9	months,	
the	 intervention	 group	 showed	 a	 larger	
decrease	 of	 body	 fat	 than	 controls	
(respective	 dual	 energy	 x-ray	
absorptiometry	 estimates	 of	 4.1%	 versus	
1.9%),	and	treadmill	measures	of	maximal	
oxygen	 intake	 showed	 the	 experimental	
students	 having	 a	 substantial	 advantage	
over	 the	 controls	 (gains	 of	 2.7	 versus	 0.4	
ml/[kg.min]).		
Donnelly	 et	 al.	 (2009)	 implemented	 a	

programme	designed	 to	 increase	habitual	
physical	 activity	and	diminish	overweight	
in	 students	 attending	 a	 half	 of	 28	
elementary	schools	(grades	2	and	3).	Over	
a	 3-year	 period,	 there	 was	 a	 substantial	
gain	 of	 daily	 physical	 activity	 at	 an	
intensity	 >4	 METs	 in	 the	 experimental	
schools	 (26	 min	 more	 than	 in	 control	
students),	 but	 nevertheless	 there	 was	 no	
significant	 inter-group	 difference	 in	 the	
final	BMI	values.	
Goldfield	 et	 al.	 (2006)	 carried	 out	 a	

short-term	 (8-wk)	 trial	 of	 open-loop	
reinforcement	 in	 a	 sample	 of	 30	
overweight	 or	 obese	 children	 aged	 8-12	
yr.	 The	 experimental	 group	 wore	 a	
pedometer	 throughout	 the	 trial,	and	daily	
readings	provided	feedback	to	students	on	
whether	 they	 were	 meeting	 prescribed	
daily	 physical	 activity	 targets.	 Those	
taking	 the	 required	 volume	 of	 exercise	
were	 rewarded	with	permission	 to	watch	
television.	 	 The	 process	 yielded	 a	
substantial	increase	in	the	daily	volume	of	
moderate	and	vigorous	exercise	relative	to	
control	 students	 (respective	 durations	 of	
moderately	 vigorous	 physical	 activity	
(23.8	versus	12.3	min/d),	and	of	vigorous	
physical	 activity	 (9.3	 versus	 4.3	 min/d).	
Moreover,	 despite	 the	 short-term	 nature	



Exercise	and	Obesity:	Longitudinal	Data	

 

Health	&	Fitness	Journal	of	Canada,	ISSN	1920-6216,	Vol.	12,	No.	3	⋅	September	30,	2019	⋅	51	

of	 the	 trial	 thee	 significant	 differences	 of	
the	 change	 in	 BMI	 between	 experimental	
and	 control	 students	 (-0.6	 versus	 +	 0.3	
kg/m2).	
Kain	et	al.	(2004)	evaluated	a	combined	

dietary	 and	 physical	 education	
programme	 in	 Chilean	 schoolchildren	
initially	 aged	 ~10.6	 yr.	 At	 a	 6-month	
follow-up,	 there	 were	 small	 but	
statistically	significant	favourable	changes	
for	 the	 boys	 in	 the	 experimental	 group	
(BMI	change	relative	to	controls	over	the	6	
months,	 0	 versus	 0.3	 kg/m2,	 waist	
circumference	 change	 -	 8	 mm	 versus	 +9	
mm),	 but	 the	 girls	 showed	 no	 benefits	
from	 following	 the	experimental	 regimen.	
Physical	 activity	 was	 not	 measured,	 but	
both	 boys	 and	 girls	 in	 the	 experimental	
group	 showed	 significant	 improvements	
of	shuttle-run	score	over	the	trial.	
Kriemler	 et	 al	 (2010)	 recruited	 509	

Swiss	 elementary	 school	 students	 to	 a	
clustered	randomized	controlled	trial.	The	
intervention	 group	 had	 their	 standard	 3	
physical	 education	 classes	 per	 week	 up-
graded,	and	supplemented	by	2	additional	
physical	activity	classes,	while	the	parents	
of	 children	 at	 control	 schools	 were	 not	
informed	 of	 any	 changes	 in	 the	 school	
curriculum.	After	one	year,	students	at	the	
intervention	 schools	 showed	 some	
advantages	in	terms	of	physical	activity	as	
measured	 by	 accelerometry	 (they	 took	 9	
min/d	more	moderately	vigorous	physical	
activity	than	controls),	and	they	also	had	a	
greater	 aerobic	 fitness	 as	 assessed	 by	 a	
shuttle-run	test	(a	Z	score	of	0.17	relative	
to	 controls).	 Moreover,	 the	 average	 of	 4	
skin-folds	 (Z	 score	 -0.12),	 BMI	 and	 waist	
circumference	 also	 showed	 benefits	
relative	to	controls.	
Lazaar	 et	 al.	 (2007)	 enhanced	 primary	

school	 physical	 education	 by	 the	
introduction	 of	 two	 60-minute	 specialist-
taught	 sessions	 per	 week	 (where	 heart	

rate	 recordings	 showed	 effort	 at	 70%	 of	
peak	 heart	 rate	 for	 at	 least	 42	 min	 per	
class).	In	a	sample	of	425	children	aged	6-
10	yr,	 a	 controlled	 study	 showed	positive	
changes	 in	 the	 experimental	 group.	 For	
the	 boys,	 the	 BMI	 Z	 score	 decreased	 by	
2.8%,	 versus	 +1.5%	 in	 controls.	 For	 the	
girls,	 BMI	 Z	 values	 were	 -6.8%	 versus	 -
2.4%,	 and	 waist	 circumferences	 also	
decreased	 in	 the	experimental	students	(-
3.3%	versus	+2.8%).	
Owens	et	al.	 (1999)	demonstrated	 that	

it	is	quite	practicable	to	involve	7-11	year-
old	primary	school	students	 in	a	vigorous	
physical	 training	 programme	 demanding	
an	 additional	 4	MJ	 of	 energy	 expenditure	
each	day.	Dividing	a	sample	of	79	children	
between	experimental	and	control	groups,	
the	 former	 decreased	 their	 body	 fat	
content	 by	 2.2%	 relative	 to	 the	 controls	
over	 a	 4-month	 study,	 at	 the	 same	 time	
increasing	their	lean	tissue	mass	by	6.1%.		
Patrick	 et	 al.	 (2006)	 involved	 a	 half	 of	

878	adolescents	 initially	aged	11-15	yr	 in	
an	 office-	 and	 home-based	 physical	
activity	 and	 counseling	 programme.	 At	
one	year,	there	was	a	significant	reduction	
of	 sedentary	 behaviour,	 averaging	 1.1	
hr/day	 in	 both	 girls	 and	 boys	 from	 the	
experimental	 group,	 and	 the	 boys	 from	
this	 group	 also	 reported	 more	 physically	
active	 days	 per	 week,	 but	 there	 was	 no	
inter-group	 difference	 in	 the	 final	 BMI	
values.	The	one	other	positive	effect	of	the	
intervention	 was	 some	 improvement	 in	
dietary	 choices	 by	 those	 in	 the	
experimental	group.	
Peralta	et	al.	 (2009)	completed	a	small	

trial	 on	 33	 Grade	 7	 boys.	 A	 fitness	
improvement	 programme	 involved	 one	
60-minute	 in-class	 session	 and	 two	 20-
minute	 lunch	 time	 sessions	 of	 physical	
activity	 each	 week.	 At	 6	 months,	 the	
students	 in	 the	 experimental	 group	
showed	 several	 advantages	 relative	 to	
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control	 students	 (BMI	 -0.2	 kg/m2;	 body	
fat	 -1.7%,	 waist	 circumference	 -1.7	 cm).	
Physical	 activity	 was	 not	 measured,	 but	
boys	from	the	intervention	group	also	had	
an	 improved	 shuttle-run	 score,	 and	 a	
decrease	in	reported	screen-viewing	time.	
Puder	 et	 al.	 (2011)	 studied	 a	 group	 of	

652	 predominantly	 migrant	 Swiss	 pre-
school	children	initially	aged	~5.1	yr.	At	a	
half	 of	 the	 nurseries	 for	 these	 children,	 a	
multi-disciplinary	nutritional	and	physical	
activity	 programme	 was	 instituted.	
Physical	 activity	 was	 not	 measured	 as	
such,	 but	 after	 10	 months,	 children	
assigned	 to	 the	 experimental	 group	
showed	a	1.1%	decrease	of	body	fat	and	a	
1	 cm	 decrease	 of	 waist	 circumference	
relative	 to	 controls.	 The	 experimental	
students	 also	 showed	 a	 greater	
improvement	 in	 shuttle-run	 scores,	 but	
there	were	no	final	 inter-group	difference	
of	BMI,	underlining	the	fallibility	of	relying	
upon	 this	 measurement	 as	 an	 index	 of	
body	fatness.		
Rodearmel	 et	 al.	 (2006)	 developed	 a	

family-based	 programme	 to	 increase	
physical	 activity.	 Experimental	 children	
showed	 substantial	 gains	 of	 pedometer	
count	 (1707	 steps/	day	 in	 the	 girls,	 1879	
steps/day	 in	 the	 boys)	 at	 13	 weeks,	 and	
this	 was	 accompanied	 by	 favourable	
changes	 in	 both	 BMI	 (-0.65%	 in	
experimental	 students,	 versus	 +0.47%	 in	
controls)	and	body	 fat	content	(-0.51%	in	
experimental	 student,	 versus	 +	 0.91%	 in	
controls).	 However,	 beneficial	 changes	 in	
body	composition	were	largely	confined	to	
the	 girls	 in	 the	 trial,	 with	 little	 change	 in	
the	boys.	
Simon	 et	 al.	 (2008)	 organized	 a	

programme	 to	 increase	 the	 popularity	 of	
physical	 activity	 through	 debates,	 social	
support	and	attractive	exercise	options	 in	
a	 group	 of	 954	 middle-school	 students	
initially	 aged	 12	 yr.	 The	 experimental	

group	 had	 an	 appreciable	 advantage	 of	
BMI	over	control	students	after	both	3	and	
4	 yr	 (0.29	 and	 0.25	 kg/m2	 respectively),	
with	a	parallel	decrease	in	body	fat	Levels	
(-1.19%,	 0.55%).	 The	 intervention	 group	
also	had	higher	physical	activity	levels	and	
reduced	 screen-viewing	 times.	 Those	
students	 in	 the	 experimental	 group	 who	
were	 initially	obese	showed	a	decrease	of	
BMI	at	2	yr,	but	this	benefit	did	not	persist	
through	to	4	yr	of	observation.	
Vandongen	 et	 al.	 (1996)	 compared	

various	 fitness	and	nutrition	programmes	
in	 1147	 children	 aged	 10-12	 yr.	 At	 9	
months,	 both	 sexes	 showed	 gains	 on	 the	
shuttle	 run	 and	 distance	 run	 in	 response	
to	 fitness	 and	 fitness	 plus	 nutritional	
interventions.	 However,	 there	 were	 no	
changes	 of	 BMI,	 and	 only	 the	 boys	
pursuing	 the	 fitness	 plus	 nutrition	 option	
showed	 a	 0.7%	 decrease	 of	 body	 fat	
content.	
Vizcaíno	et	al.	(2008)	supplemented	the	

normal	 3	 sessions/week	 physical	
education	programme	of	Spanish	students	
initially	 aged	~9.4	 yr	 by	 three	 90-minute	
after-school	 sport	 and	 physical	 activity	
programmes,	 thus	 causing	 a	 substantial	
increase	 in	 the	 child's	 total	 daily	 physical	
activity	 as	 verified	 by	 accelerometer	
counts.	At	24	weeks,	body	fat	levels	in	the	
experimental	 group	 had	 decreased	 by	
0.4%	in	the	boys	and	0.6%	in	the	girls,	but	
the	 BMI	 in	 both	 sexes	 remained	
comparable	with	that	of	the	control	group.	
Weintraub	 et	 al.	 (2008)	 carried	 out	 a	

small-scale	trial	evaluating	an	after-school	
team-sports	 programme	 in	 21	 obese	
children	from	Grades	4	and	5.	They	noted	
that	 experimental	 students	 showed	
improved	Z	scores	for	BMI	after	6	months	
(-0.48),	 and	 they	 also	 undertook	 more	
moderate	 and	 vigorous	 physical	 activity	
than	 students	 in	 the	 control	 group	
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(significantly	 so	 at	 3	months	 but	 not	 at	 6	
months).	
In	summary,	Tables	11	and	12	confirm	

the	conclusions	from	several	earlier	meta-
analyses,	 namely	 that	 many	 investigators	
failed	 to	 induce	 or	 to	 sustain	 any	
substantial	 increase	of	physical	activity	 in	
those	 students	who	were	 assigned	 to	 the	
experimental	 arm	 of	 their	 studies	
(Magnusson,	Sigurgeirsson,	Sveinsson,	and	
Johansson,	 2011),	 and	 they	 thus	 failed	 to	
cause	 any	 favourable	 change	 of	 body	
composition	 in	 experimental	 students	 by	
the	end	of	their	investigation.		In	Table	11,	
20	 of	 24	 trials	 showed	 no	 effect	 of	
interventions	 upon	 the	 body	 composition	
of	 experimental	 subjects,	 in	 2	 studies	
there	was	a	slight	improvement	in	data	for	
the	intervention	group	and	in	the	final	two	
investigations	 the	benefit	 in	 experimental	
subjects	was	more	definitive.	
In	contrast,	among	those	reports	where	

a	 significant	 increase	 of	 physical	 activity	
was	 demonstrated,	 13	 of	 15	 studies	
showed	 a	 beneficial	 change	 of	 body	
composition	 in	 response	 to	 the	
intervention,	 and	 only	 2	 investigators	
observed	 no	 significant	 change.	 This	
underlines	 the	 importance	 of	 an	 effective	
physical	activity	intervention	if	there	is	to	
be	a	measurable	 loss	of	body	 fat.	A	meta-
analysis	 involving	 32,109	 students	 across	
32	 randomized	 controlled	 trials	 (Sobol-
Goldberg,	 Rabinowitz,	 and	 Gross,	 2013)	
concluded	 that	 school-based	 programmes	
were	mildly	effective	in	reducing	BMI.	The	
largest	 effects	 were	 seen	 with	
programmes	that	had	persisted	for	a	year	
or	more.	Other	 characteristics	of	effective	
programming	were	 provision	 of	 guidance	
to	 the	 students	 on	 ways	 to	 improve	 on	
both	 physical	 activity	 and	 nutrition,	 a	
behavioural	 component	 to	 the	
intervention,	attempts	to	change	attitudes	
and	 monitor	 the	 individual's	 behaviour,	

modification	of	the	child's	environment	to	
favour	 physical	 activity,	 and	 involvement	
of	 the	 parents,	 coupled	 with	 specific	
efforts	 to	 increase	 physical	 activity	 and	
improve	diet.	This	analysis	concluded	that	
comprehensive	 and	 long-term	
programmes	 with	 parental	 involvement	
were	 likely	 to	 reduce	 the	 BMI	 by	 an	
average	 of	 0.39	 kg/m2.	 A	 Cochrane	
analysis	 further	 concluded	 that	 whether	
childhood	obesity	was	tackled	through	the	
schools	 or	 at	 home,	 the	best	 results	were	
obtained	from	a	combination	of	 increased	
physical	 activity,	 healthy	 eating	 and	 an	
improvement	of	 self-image	 (Waters	 et	 al.,	
2011).	
	
Randomized	 controlled	 studies	 in	
adults	
Initiatives	for	the	prevention	of	obesity	

in	 adults	 have	 often	 taken	 the	 form	 of	
initial	counseling	or	written	advice	rather	
than	 involvement	 in	 specific	 exercise	
programmes,	 and	 some	 of	 the	 groups	
studied	 have	 been	 rather	 specialized	 (for	
example,	 pregnant	 women,	 people	 with	
type	 2	 diabetes	mellitus,	 pre-menopausal	
women,	 and	 schizophrenics	 where	 the	
tendency	 to	 sedentary	 living	 was	
enhanced	by	the	use	of	psycho-depressant	
drugs).		
One	 systematic	 review	 and	 meta-

analysis	 concluded	 that	 an	 increase	 of	
physical	 activity	 alone	 was	 an	 effective	
tactic	to	improve	the	body	composition	of	
adults,	 and	 that	 the	 best	 form	of	 exercise	
for	 inducing	 such	 a	 response	 was	 a	
substantial	regular	volume	of	moderate	or	
vigorous	 aerobic	 activity	 (Vissers	 et	 al.,	
2013).		
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Table	11:	Randomized	controlled	trials	evaluating	the	efficacy	of	exercise	programmes	in	preventing	
the	development	of	obesity	in	children.	Findings	are	summarized	for	those	studies	where	changes	in	
habitual	physical	activity	were	either	not	measured	or	were	not	substantially	increased	over	the	
study.	
	

Author	 Subjects	 Intervention	 Findings	 Comments	
Bäcklund	et	
al.	(2011)		

105	
overweigh
t	&	obese	
children	
initially	
aged	8-12	
yr	

Lifestyle	
programme	vs.	
controls	

No	significant	difference	of	
BMI	at	2	yr		

No	significant	
difference	of	Sense-
wear	physical	activity	
at	2	yr	

Coleman	et	
al.	(2005)		

744	
children	
initially	
aged	~8.3	
yr	

Improved	physical	
ed.	and	dietary	
programme	

2	yr	follow-up.	No	effect	on	
average	BMI	or	waist-to-hip	
ratio	(although	fewer	
overweight	children	in	
experimental	group)	

Changes	in	moderate-
to-vigorous	and	
vigorous	physical	
activity	small.	Some	
gains	in	one	mile	run	
speed	for	intervention	
group	

Fitzgibbon	et	
al.		(2011)		

818	
"black"	
children	
aged	~4.5	
yr	

Teacher-
administered	
weight	control	
programme	

At	14	weeks,	exp.	group	show	
7.5	min/day	more	moderate-
to-vigorous	physical	activity,	
28	min/d	less	screen	time	

No	significant	effect	of	
intervention	on	BMI	Z	
score	

Gentile	et	al.	
(2009)		

1323	
students	
initially	
aged	~9.6	
yr	

Multiphasic	physical	
activity	&	
nutritional	
programme	

At	8	months,	experimental	
students	show	small	increase	
in	step	count	(380	steps/d),	
screen	time	reduced	by1.3-1.8	
h/wk.		

No	inter-group	
difference	of	BMI	

Hopper	et	al.	
(2005)		

238	third	
grade	
students	

Family	fitness	and	
nutritional	
programme	

20	week	intervention,	slight	
benefits	of	BMI	(+0.32	vs.	
+0.75	kg/m2)	and	skin-folds	
(+1.13	mm	vs.	1.31	mm)	

Experimental	group	
also	had	faster	final	
times	over	1	mile	run		

Hughes	et	al.		
(2008)		

134	
overweigh
t	children	
aged	5-11	
yr	

Best	practice	
behavioural	
treatment	vs.	usual	
care	

No	difference	of	BMI	from	
control	group	at	6	or	12	
months	

Small	decrease	in	
sedentary	behaviour,	
increase	in	vol.	of	light	
physical	activity	

Kipping	et	al.	
(2008)		

472	
children	
aged	9-10	
yr	

16	lessons	on	
physical	activity,	
nutrition	and		
reducing	screen	
time	over	5	months	

At	5	months	no	diff.	of	BMI	or	
prevalence	of	obesity	in	
intervention	group	

11.6	min/d	decrease	of	
screen	time	in	
intervention	group	

Klesges	et	al.	
(2010)	

303	
African-
American	
girls	aged	
8-10	yr	

YWCA	counseling	to	
improve	nutrition	
and	increase	
physical	activity		

At	2	yr,	experimental	group	
shows	no	difference	from	
controls	in	BMI	or	physical	
activity	

	

Loepker	et	al.		
(1996)		

28	
schools,	
grades	3	
through	5	

Multi-phasic	
nutritional	and	
physical	activity	
intervention	

No	difference	of	intervention	
group	from	controls	on	BMI	or	
skin-folds	over	3	yr	

8	min	greater	vigorous	
physical	activity	but	no	
difference	of	overall	
physical	activity	from	
controls	
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Table	11	Continued	
	

Author	 Subjects	 Intervention	 Findings	 Comments	
Lohman	et	al.	
(2003)		

1368	
American	
Indian	
children	
initially	in	
Grade	2	

Multi-phasic	obesity	
prevention	
programme	

3-yr	follow	up,	marginal	
advantage	to	experimental	
group	(skin-folds	+6.1mm		
vs.+6.4	mm;	bio-impedance	
body	fat+5.7%	vs.	+6.1%	)	

	

Marcus	et	al.	
(2005)		

3135	
children	
in	grades	
1-4	

Dietary	
intervention,	in-
school	physical	
activity	program,	30	
min/d	

BMI	and	physical	activity	did	
not	differ	between	exp.	and	
control	students	at	4	yr		

Prevalence	of	obesity	
reduced	in	exp.	Group	

McCallum	et	
al.		(2007)		

2112	
obese	
children	
aged	5-10	
yr	

4	physician	
consultations	over	
12	weeks	

No	change	of	BMI	or	physical	
activity	relative	to	controls	at	
9	and	15	months	

See	also	Wake	et	al.	
(2009)	

Neimark-
Sztainer	et	al.	
(2003)		

201	9th-
12th	
grade	
females	
aged	15	yr	

4	physical	activity	
sessions/wk	+	16	
wks	nutritional	
guidance	vs.	written	
information	on	
physical	activity	and	
nutrition	

No	change	of	BMI	at	16	weeks	 	

Pangrazi	et	
al.	(2003)		

600	4th	
grade	
students	
aged	9.8	
yr	

Lifestyle	activities	+	
physical	education	
vs.	lifestyle	activities	
alone	vs.	control	
students	

Small	increases	of	pedometer	
counts	in	both	experimental	
groups,	but	no	significant	
effects	on	BMI	

Study	only	lasted	12	
weeks	

Reed	et	al.		
(2008)		

268	
children	
aged	9-11	
yr	

"Active	School"	
model	

At	16	months,	only	minor	
increase	of	physical	activity,	
no	difference	of	BMI	from	
controls	

Shuttle-run	score	
improved	in	
intervention	group	

Reilly	et	al.	
{2008)		

545	pre-
school	
children	
initially	
aged	~4.2	
yr	

Three	30	min	
physical	activity	
sessions/wk	in	
nursery	for	24	wk	

At	6	and	12	months,	no	
increase	of	physical	activity	on	
accelerometer,	no	diff.	of	BMI	
Z		score	

Improvement	of	motor	
skills	in	exp.	Group	

Sahota	et	al.	
(2001)		

636	
primary	
students	
initially	
aged	~8.4	
yr	

Lifestyle	education	
programme	in	
schools	(healthy	
eating	and	PA)	vs.	
normal	curriculum	

No	difference	of	BMI	over	1	yr	 	

Sallis	et	al.	
(2003)		

24	middle	
schools	in	
San	Diego	
CA	

Measures	to	
improve	nutrition	
and	physical	activity	
in	experimental	
schools	

Over	2	yr,	exp.	schools	showed	
no	significant	advantage	of	
BMI		

Physical	activity	and	
sedentary	time	not	
changed	significantly	
by	programme	



Exercise	and	Obesity:	Longitudinal	Data	

 

Health	&	Fitness	Journal	of	Canada,	ISSN	1920-6216,	Vol.	12,	No.	3	⋅	September	30,	2019	⋅	56	

		

	

	

	

	

	

	

	

	

	

	

	

	 	

Table	11	Continued	
	

Author	 Subjects	 Intervention	 Findings	 Comments	
Seo	et	al.	
(2019)		

103	obese	
children	
and	
adolescent
s	

Multi-disciplinary	
exercise	vs.	usual	
care	

At	16	weeks,	experimental	
group	showed	favourable	
change	in	Z	score	for	BMI	and	
%	body	fat	

Programme	also	
reduced	cardiovascular	
risk	markers,	increased	
lean	mass	and	muscular	
strength	

Taylor	et	al.	
(2007)		

730	
children	
aged	5-12	
yr	

Community-based	
nutrition	and	
physical	activity	
programme	

At	2	yr,	lower	BMI	Z	score	(-
0.26)	and	1	cm	smaller	waist	
circumference	in	exp.	Group	

No	change	in	
prevalence	of	obesity	

Wafa	et	al.		
(2011)		

107	obese	
children	
aged	7-11	
yr	

8	h	of	group	
intervention	over	26	
wk	

No	advantage	of	BMI	or	
accelerometer	measures	of	
physical	activity	in	exp.	group	
at	6	months	

	

Wake	et	al.	
(2009)		

258	obese	
children	
aged	5-10	
yr	

Brief	physician	
counseling	

At	6	months,	no	change	of	BMI	
or	physical	activity	
(accelerometer)	in	
experimental	group	

	

Webber	et	al.	
(2008)		

5510	girls	
from	
Grades	6	
and	8	

2-yr	intervention	
increased	moderate-
to-vigorous	physical	
activity	by	only	1.6	
min/day	

No	change	in	%	body	fat	
(triceps	skin-fold,	BMI)	in	
experimental	group	

No	change	of	aerobic	
fitness	
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Table	12:	Randomized	controlled	trials	evaluating	the	efficacy	of	exercise	programmes	in	preventing	
the	development	of	obesity	in	children;	data	from	studies	where	the	experimental	group	developed	a	
substantial	gain	of	physical	activity	and/or	aerobic	fitness	relative	to	the	controls.	
	

Author	 Subjects	 Intervention	 Findings	 Comments	
Carrell	et	al.	
(2005)	

58	
overweight	
middle-
school	
children		

Lifestyle,	fitness-	
oriented	gym	classes	
vs.	standard	school	
programme.	

At	9	months,	loss	of	body	
fat	4.1%	vs.	1.9%	in	
controls	

Treadmill	maximal	
oxygen	uptake	+2.7	vs.	
+0.4	ml/[kg.min]	in	
controls	

Donnelly	et	al.	
(2009)	

Grades	2	
and	3	in	24	
elementary	
schools	

Programme	to	
increase	physical	
activity	

Over	3	yr,	no	change	of	
BMI	relative	to	controls	

Activity	>4	METs	
increased	26	min/d	vs.	
control	subjects	

Goldfield	et	al.	
(2006)		

30	
overweight	
or	obese	
children	
aged	8-12	
yr	

Feed-back	of	daily	
pedometer	count,	
rewards	of	TV	
viewing	for	meeting	
goals	vs.	controls	

Over	8	wk,	experimental	
group	BMI	-0.6	vs.	
+0.3kg/m2	in	controls	

Moderate-to-vigorous	
physical	activity	+	23.8	
min/d	vs.	+	12.3min/d,	
vigorous	physical	
activity	9.3	vs.	4.3	
min/d	

Kain	et	al.	
(2004)		

2141	
interventio
n,	1202	
control	
children	
initially	
aged	10.6	yr	

Combined	dietary	and	
physical	activity	
intervention	(90	min	
physical	ed.	class,	15	
min	active	recess)	

At	8-month	follow-up	
boys	BMI	change	0.0	vs.	
+0.3	kg/m2,	waist	
circumference	change	-	8	
mm	vs.	+9	mm;	no	
significant	changes	in	
girls	

	

Kriemler	et	al.		
(2010)		

502	elem.	
school	
children		
(aged	7-11	
yr)	

5	restructured	
physical	ed.	
classes/wk.	vs.	
standard	programme	

At	1	yr,	4	skin-folds	show	
Z	score	of	-0.12,	also	
benefits	on	BMI	and	
waist	circumference	in	
experimental	group	

Experimental	group	
shows	gains	on	shuttle-
run	(Z	score	+0.17),	and	
on	accelerometry	

Lazaar	et	al.	
(2007)		

425	
children	
aged	6-10	
yr	

2	h	additional	
physical	ed./wk	
(heart	rate	~60%	
max)	
	

At	6	months,	boys	show	
BMI	Z	score	-2.8%	vs.	
+1.5%;	girls	BMI	-6.8%	
vs.	-2.4%,	waist	
circumference		
-3.3%	vs.	+2.8%	

	

Owens	et	al.	
(1999)		

74	obese	
children	
aged	7-11	
yr	

4	months	physical	
training		
5	d/wk,		
4	MJ/session	

Loss	of	2.2%	fat	relative	
to	controls	

Parallel	6.1%	increase	
of	lean	tissue	

Patrick	et	al.	
(2008)		

878	
adolescents	
aged	11-15	
yr	

Office-	and	
counseling-	based	
nutrition	and	physical	
activity	group,	vs.		
sun-protection	
advised			controls	

Significant	reduction	of	
sed.	time	(-1.1	h/d)	in	
both	exp.	girls	and	boys	
over	1	yr,	but	no	inter-
group	diff	BMI	

Some	improvements	in	
dietary	choices	in	
experimental	group	

Peralta	et	al.	
(2009)		

33	grade	7	
boys	

One	60	min	class	and	
two	20-min	lunch-
time	activities/wk	

At	6	months,	
experimental	students	
show	advantage	of	BMI	(-
0.2	kg/m2),		
body	fat	(-1.7%)	and	
waist	circumference(-1.7	
cm)	

Also	improved	shuttle	
run	score	and	reduced	
screen	time	vs.	controls	
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Another	 review	 examined	 data	

collected	over	25	yr,	concluding	that	most	
studies	 had	 focused	 on	 the	 moderately	
obese,	 with	 observations	 limited	 to	 a	
relatively	 short	 time-span.	 It	 argued	 that	
over	 3	 months,	 likely	 decreases	 of	 body	
mass	 from	 dieting,	 exercise	 and	 dieting	
plus	 exercise	 averaged	 10.7,	 2.9	 and	 11.0	
kg,	 respectively;	 when	 expressed	 as	 fat	
loss	 per	 week,	 the	 corresponding	 figures	
from	this	review	were	0.78,	0.22,	and	0.75	
kg	(Miller,	Koceja,	and	Hamilton,	1997).	In	
terms	of	the	results	seen	after	12	months,	
the	authors	of	this	review	concluded	that	a	
combination	 of	 dietary	 restriction	 and	 an	
increase	 in	 physical	 activity	was	 the	 best	
option	(Miller	et	al.,	1997).	However,	some	

recent	 reports	 using	 more	
vigorous	exercise	 programmes	 have	
achieved	 much	 better	 results	 than	 this	
with	 exercise	 alone.	 Verbreggen	 et	 al.	
(2016)	 reiterated	 the	 issue	 that	 weight	
loss	was	a	fallible	criterion	of	fat	loss,	and	
in	their	meta-analysis	they	underlined	that	
although	dieting	often	produced	a	greater	
weight	 loss	 than	 exercise,	 an	 increase	 of	
daily	physical	activity	had	a	much	greater	
effect	 in	 limiting	 the	 accumulation	 of	
visceral	fat.		
In	 looking	at	the	published	material	on	

adults,	 it	 is	 convenient	 to	 consider	
separately	 articles	 relating	 to	 young	 and	
middle-aged	 adults	 and	 findings	 in	 the	
frail	elderly	(where	the	ability	to	 increase	

Table	12	Continued	
	

Author	 Subjects	 Intervention	 Findings	 Comments	
Puder	et	al.	
(2011)		

652	pre-
school	
children	of	
migrants,	
initially	
aged	~5.1	
yr		

Multi-disciplinary	
physical	activity	&	
nutritional	
programme	

At	10	months,	1.1%	
decrease	of	body	fat%,	1	
cm	decrease	of	waist	
circumference	in	
experimental	group	

No	inter-group	
difference	of	BMI	

Rodearmel	et	
al.	(2006)		

105	families	
with	
children	8-
12	yr	old	

	Family-based	
increase	of	physical	
activity		

At	13	weeks,	BMI	-0.65%	
vs.	+	0.47%	in	controls,	
body	fat	-0.51%	
vs.+0.91%	

Step	count	increased	
1707/d	(girls),	1879/d	
(boys)	in	experimental	
group	

Simon	et	al.	
(2008)		

954	
students,	
initially	
aged	12	yr	

Debates,	social	
support,	attractive	
phys,	activity	options	

At	3	&	4	yrs,	exp.	
students	had	advantage	
of	BMI	(0.29,	0.25	kg/m2)	

In	obese	students,	
advantage	at	2	yr,	but	
did	not	persist	to	4	yr	

Vandongen	et	
al.	(1996)		

1147	
children	
aged	10-12	
yr	

Various	programmes,	
including	fitness	with	
or	without	nutritional	
advice	

At	9	months,	no	change	
of	BMI,	boys	in	fitness	+	
nutrition	group	showed	
decrease	of	fat		
(-0.7%)	

Both	sexes	showed	
gains	on	shuttle	run	
and	distance	run	with	
fitness	or	fitness	+	
nutrition	vs.	controls	

Vizcaíno	et	al.	
(2008)		

1044	
children	
initially	
aged	~9.4	
yr	

3	h	physical	ed./wk	
supplemented	by	3	x	
90	min	after-school	
activities	

At	24	weeks,	body	fat	
decreased	by	0.4%	
(boys)	and	0.6%	(girls)	
BUT	no	change	of	BMI	
relative	to	controls	

Increase	of	physical	
activity	verified	by	
accelerometer	

Weintraub	et	
al.	(2008)		

21	obese	
children,	
grades	4	&	
5		

After	school	team	
sports	

Experimental	group	
improved	BMI	Z	scores	at	
6	months	relative	to	
controls	

Increased	moderate-to-
vigorous	physical	
activity,	significant	at	3	
but	not	at	6	months	
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habitual	 physical	 activity	 may	 be	 quite	
limited).	
	
Trials	in	young	and	middle-aged	adults.		
Many	 randomized	 controlled	 trials	

provide	 data	 on	 the	 effects	 of	 added	
physical	 activity	 upon	 the	 body	
composition	 of	 young,	 middle-aged	 and	
older	adults,	with	some	reports	evaluating	
the	benefits	of	aerobic	exercise	of	various	
intensities,	others	looking	at	the	effects	of	
resistance	 training,	 and	 yet	 others	 at	 a	
combination	 of	 aerobic	 and	 resistance	
training.	 Randomized	 comparisons	 of	 the	
three	 modalities	 have	 suggested	 that	
combined	 aerobic	 and	 resistance	
interventions	 provide	 the	 optimum	
response	 in	 terms	 of	 body	 composition	
(Schwingshackl,	 Dias,	 Strasser,	 and	
Hoffmann,	2013).	
Typically,	 subjects	 have	 been	 followed	

for	 periods	 of	 12-16	 weeks,	 and	 often	
sample	sizes	have	been	quite	small.	There	
still	 remains	 a	 need	 for	 large,	 long-term	
studies	 of	 the	 efficacy	 of	 exercise	
programmes,	 looking	 not	 only	 at	 the	
immediate	 response,	 but	 also	 at	 issues	 of	
long-term	 programme	 adherence.	 Many	
investigators	 have	 had	 the	 treatment	 of	
obesity,	diabetes	mellitus	or	hypertension	
as	 their	 primary	 objective,	 and	 in	
consequence	 have	 added	 an	 element	 of	
dietary	 restriction	 to	 exercise-centred	
interventions.	 Several	 reports	 have	 also	
highlighted	 the	 fallibility	 of	 BMI	 as	 a	
measure	of	obesity,	noting	that	other	more	
direct	measures	 of	 body	 fat	 content	 such	
as	 skin-fold	 thicknesses	 and	 waist	
circumferences	are	more	likely	to	reveal	a	
beneficial	 response.	 Too	 often,	 the	 BMI	
remains	 unchanged	 because	 the	 added	
physical	 activity	 has	 increased	 the	
individual's	lean	tissue	mass	by	an	amount	
that	matches	the	loss	of	fat.		

It	is	appropriate	to	separate	those	trials	
where	 the	 unique	 effects	 of	 exercise	 can	
be	 evaluated	 from	 multi-phasic	
interventions	 that	 have	 included	 dietary	
restriction	 and	 components	 of	 therapy	
other	than	an	increase	of	habitual	physical	
activity.	
	
Multi-phasic	therapies.		
Burke	 et	 al.	 (2003)	 were	 interested	 in	

countering	 the	 deterioration	 of	 physical	
condition	 that	 sometimes	 follows	
marriage,	 and	 they	 carried	 out	 a	
randomized	 controlled	 intervention	 on	
137	couples	aged	18-62	yr.	Their	subjects	
were	 assigned	 between	 a	 group	 that	
received	6	physical	activity	and	nutritional	
leaflets	 (a	 half	mailed	 and	 a	 half	 given	 at	
interactive	 sessions),	 a	 group	 that	
received	the	same	information	without	the	
interactive	 sessions,	 and	 a	 control	 group.	
Fewer	people	 in	 the	 first	group	 tended	 to	
become	 obese	 over	 the	 year	 following	
their	marriage,	but	inter-group	differences	
were	not	statistically	significant.	 	
Litterell	et	al	(2003)	explored	the	value	

of	 attending	 16	weeks	 of	 weekly	 psycho-
educational	 modules	 as	 a	 means	 of	
preventing	 drug-induced	 weight	 gains	 in	
70	schizophrenic	patients	aged	an	average	
of	34	yr.	The	experimental	group	showed	
benefit	 in	 terms	 of	 weight	 change	 at	 6	
months	 (-0.05	 kg	 in	 the	 intervention	
group,	 versus	 +4.3	 kg	 in	 controls,	 p	 =	
0.007).	
Mourier	 et	 al.	 (1997)	 examined	 the	

effects	 of	 physical	 training	 with	 and	
without	 branch-chain	 amino-acid	
supplementation	in	a	small	4-group	trial	of	
24	patients	aged	~45	yr	with	diagnoses	o	
non-insulin-dependent	 diabetes	 mellitus.	
The	 training	 programme	 (45	 min	 of	
cycling	at	75%	of	maximal	oxygen	 intake,	
3	 times	 per	 week	 for	 8	 weeks)	 reduced	
body	fat	content,	to	a	greater	extent	in	the	
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abdominal	 region	 (48%)	 than	 in	 sub-
cutaneous	 tissue	 (18%),	but	 the	extent	of	
this	 response	 was	 not	 influenced	 by	 the	
administration	 of	 branch-chain	 amino	
acids.	
Muto	and	Yamauchi	(2004)	offered	a	4-

day	multi-faceted	health	seminar,	coupled	
with	a	follow-up	self-evaluation,	to	half	of	
a	 sample	 of	 302	 male	 Japanese	 building	
maintenance	 workers	 aged	 42-43	 yr.	
Weight	changes	favoured	the	intervention	
group	over	controls	after	both	6	months	(-
1.6	kg	versus	-0.1	kg),	and	18	months	(-1.0	
versus	+0.5	kg).	
Polley	 et	 al.	 (2002)	 followed	 120	

pregnant	 women	 who	 were	 first	 seen	
before	 the	 20th	 week	 of	 gestation.	 Some	
33%	of	those	who	received	individualized	
counseling	 exceeded	 the	 recommended	
weight	 gain	 for	 pregnancy,	 whereas	 this	
was	true	in	58%	of	controls.	
Proper	 et	 al.	 (2003)	 offered	 written	

lifestyle	information	plus	seven	20-minute	
counseling	 sessions	 to	 a	 half	 of	 299	
municipal	employees	(77%	males,	average	
age	44	yr).		Despite	achieving	only	a	small	
increase	 of	 physical	 activity	 with	 the	
intervention	 (an	 increase	 from	 5.2	 to	 5.6	
units	 on	 an	 arbitrary	 physical	 activity	
scale),	 after	 9	 months,	 the	 percentage	 of	
body	 fat	 was	 significantly	 lower	 in	 the	
intervention	than	in	the	controls		(a	loss	of	
-1.4%,	 versus	 -0.4%	 in	 the	 controls).	
However,	 there	were	 no	 final	 inter-group	
differences	of	BMI.	
Simkin-Silverman	 et	 al.	 (2003)	

undertook	 a	 controlled	 5-year	 lifestyle	
intervention	 in	 535	 premenopausal	
women	 aged	 44-50	 yr.	 The	 programme	
began	 with15	 group	 meetings	 over	 the	
first	6	months,	with	 the	aim	of	 increasing	
energy	expenditures	by	4-6	MJ/week,	and	
this	 was	 accompanied	 by	 adoption	 of	 a	
low-fat	diet.	There	was	a	 good	adherence	
to	the	prescribed	regimen,	and	finally	55%	

of	 the	 intervention	 group	 remained	 at	 or	
below	 their	 initial	 weight,	 whereas	 this	
was	true	of	only	26%	of	the	controls.	The	
final	 weight	 change	 for	 the	 experimental	
group	 averaged	 -0.1	 kg,	 compared	 with	
+2.4	kg	in	the	controls	(p	=	0.001).	
In	summary,	there	was	an	improvement	

of	 body	 composition	 in	 all	 seven	 multi-
phasic	 interventions,	 although	 in	 most	 of	
these	studies	it	was	difficult	to	discern	the	
relative	 contributions	 to	 this	 response	 of	
increased	 physical	 activity	 and	 other	
components	of	treatment.	
	
Evaluations	 of	 unique	 physical	 activity	
interventions.		
The	 report	 of	 Avila	 et	 al.	 (2010)	

underscored	the	dangers	of	simply	relying	
on	 changes	 of	 body	 mass	 or	 BMI	 as	 a	
measure	 of	 favourable	 changes	 in	 body	
composition	(Table	13).	In	a	sample	of	27	
overweight	 adults	 aged	 ~67	 yr,	 the	
investigation	 compared	 the	 effects	 of	 10	
weeks	 of	 dieting	 alone	 versus	 the	
response	 seen	 when	 the	 same	 dietary	
regimen	 was	 supplemented	 by	 regular	
resistance	exercise	sessions.	The	change	in	
body	mass	 at	 10	weeks	 showed	no	 inter-
group	 difference,	 but	 the	 exercised	
subjects	 underwent	 a	 much	 greater	
decrease	 of	 body	 fat	 than	 the	 controls	 (-
4.1	vs.	-0.2	kg),	and	they	also	gained	(+0.8	
kg)	rather	than	lost	(-1.4	kg)	of	 their	 lean	
tissue	mass.	
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Table	13:		Randomized	controlled	trials	evaluating	the	efficacy	of	exercise	programmes	in	preventing	
the	development	of	obesity	in	adults.	
	

Author	 Subjects	 Intervention	 Findings	 Comments	
Multi-phasic	interventions	
Burke	et	al.	
(2003)		

137	couples	
aged	18-62	yr	

Leaflets	on	physical	
activity	and	
nutrition,	plus	
interactive	sessions	
vs.	leaflets	alone	vs.	
no	treatment	for	4	
months	

No	significant	inter-
group	differences	in	
BMI	or	waist/hip	ratios	

Trend	to	less	obesity	in	
first	group	

Litterell	et	al	
(2003)		

70	
schizophrenic	
patients	aged	
~34	yr,	
receiving	
drug	
treatment.		

Weekly	psycho-
educational	
modules	for	16	wks		

Weight	change	at	6	
months		
-0.05	kg	vs.	+4.3	kg	
(controls)		

	

Mourier	et	al.	
(1997)		

24	patients	
with	non-
insulin	
dependent	
diabetes	
mellitus,	aged	
~45	yr	

Training	+	BCAA,	
training	+	placebo,	
Sedentary		
+	BCAA,		
sed.	+	placebo	

Training	decreased	
body	fat	(abdominal	
48%,	subcutaneous	
18%)	

Branch-chained	amino	
acid	(BCAA)	supplements	
had	no	effect	

Muto	&	
Yamauchi	
(2004)		

302	male	
building	
maintenance	
workers	aged	
42-43	yr	

4-day	health	
seminar	&	follow-up	
self-evaluation	
every	3	months	

Body	mass	change	at	6	
months	(-1.6	kg	vs.	-0.1	
kg),	18	months	(-1.0	kg	
vs.	0.5	kg)	

2.5	kg	increase	of	lean	
mass,	no	change	of	body	
mass	relative	to	controls	

Polley	et	al.	
(2992)		

120	pregnant	
women	aged	
>18	yr,	fist	
seen	<20	
weeks	
gestation,	
normal	initial	
weight	

Individual	
counselling	

33%	of	intervention	
group	exceeded	
recommended	weight	
gain,	58%	of	controls	
did	so	

No	effect	on	post-partum	
weight	loss	

Proper	et	al.	
(2003)		

299	
municipal	
employees	
(77%	male),	
aged	~44	yr	

Written	lifestyle	
information	plus	
seven	20-min	
counseling	sessions	
vs.	control	

%	body	fat	significantly	
different	at	9	month	
follow-up	(-1.4%	vs.	
	-0.4%),	but	no	inter-
group	difference	in	BMI	

Very	small	increase	of	
physical	activity	achieved	
(activity	index	5.6	vs.	5.2)	

Simkin-
Silverman	et	
al.	(2003)		

535	
premenopaus
al	women	
aged	44-50	yr	

5-yr	lifestyle	
intervention;	15	
group	meetings	over	
6	months	to	
increase	energy	
expenditure	by	4-6	
MJ/wk,	low	fat	diet	

55%	of	intervention	
group	at	or	below	
initial	weight,	vs.	26%	
of	controls;	wt.	change	-
0.1	kg	vs.	+2.4	kg		

Good	long-term	
adherence	to	physical	
activity	programme	
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Table	13	Continued	
	

Author	 Subjects	 Intervention	 Findings	 Comments	
Unique	evaluation	of	efficacy	of	physical	activity	
Avila	et	al.		
(2010)		

27	
overweight	
adults	aged	
~67	yr	

Diet	vs.	diet	+	
resistance	exercise	

At	10	wk,	resistance	ex.	
gave	larger	fat	loss	(-	
4.1	kg	vs.	-0.2	kg)	

No	inter-group	difference	
of	total	weight	loss,	lean	
mass	+0.8	kg	vs.	-1.4	kg	

Cho	et	al.	
(2011)		

45	women	
aged	~45	yr	

High	vs.	low	
intensity	ex.	vs.	
control	

At	12	wk,	waist	
circumference	-5.7,		
-5.5,	-0.8	cm.		
Subcutaneous	fat	-20,	-
28,	+2	cm2,	abdominal	
fat	-7,	-20,	-2	cm2,	

	

Church	et	al.	
(2007)		

464	
sedentary	
post-
menopausal	
women	

3	volumes	of	
exercise	(16.6,	33.3,	
49.9	kJ/kg	per	
session)	vs.	controls	

At	6	months,	all	3	
exercise	doses	showed	
3	cm	decrease	of	waist	
circumference	relative	
to	controls	

No	dietary	restrictions,	
Decrease	of	total	body	fat	
not	stat.	significant		

Cuff	et	al.	
(2003)		

28	
postmenopau
sal	women	
with	type	2	
diabetes	

Aerobic	ex.			
vs.	aerobic	+	
resistance	ex.		
	vs.	control	

At	16	wk,	subcutaneous	
fat	-2.0%,	-4.7%,	+3.2%,	
visceral	fat	
-4.1%,	-10.5%,		
-0.2%	

Glucose	regulation	better	
with	combined	therapy	

Chomentowsk
i	et	al.	(2009)		

29	
overweight	
or	obese	
adults	aged	~	
67	yr	

2-4	MJ/d	dietary	
restriction	with	or	
without	walking	35-
45	min	3/wk		

At	4	months	fat	loss	
16.5%	vs.	20.7%,	fat-
free	mass	-4.3%	vs.		
-1.1%	

Added	ex.	also	decreased	
loss	of	muscle	cross-
section	

Di	Pietro	et	al.	
(1998)		

16	adults	
aged	~73	yr	

4-month	mini-
trampoline	training	
60	min,	4/wk,	
intensity	rising	to	
75%	max.	heart	rate	
vs.	yoga		

No	effect	on	abdominal	
circumference	or	
abdominal	fat	

16%	increase	of	peak	
oxygen	uptake	

Donges	et	al.	
(2013)		

47	
overweight	
men	aged	
~48	yr	

Endurance	ex.	vs.	
resistance	ex.	vs.	
combined	ex.	vs.	
control	

At	12	wk,	fat	mass	-
4.5%,	-2.8%,	-6.1%,	
+2.4%;	subcutaneous	
fat	-4.4%,	-4.0%,	-4.4%,	
+1.8%;	visceral	fat	-
10.3%,	-12.2%,	-8.6%,		
-0.7%	

Favourable	changes	in	
plasma	cytokines	and	
insulin	sensitivity	with	ex.	

Donnelly	et	al.	
(2013)		

141	
overweight	
or	obese	
adults	aged	
~22.6	yr	

Exercise	5	d/wk,	1.6	
or	2.4	MJ/session	vs.	
control	

At	10	months,	wt	
change	;	-3.9,	-5.2,	+0.5	
kg;	fat	mass	-3.5,	-5.2,	
+0.2	kg	

No	dietary	restrictions	

Friedenreich	
et	al.	(2011)		

320	post-
menopausal	
women	aged	
50-74	yr	

45	min	of	moderate-
to-vigorous	aerobic	
exercise	5	times/wk	
(179	min/wk)	vs.	
controls	

At	1	yr,	2.0	kg	fat	loss	
relative	to	controls	

Greater	fat	loss	with	
greater	vol.	exercise	

Ho	et	al.	
(2012)		

64	adults	
aged	40-66	yr	

Aerobic	ex.	vs.	
resistance	ex.	vs.	
combined	ex,	vs.	
controls	

At	12	weeks,	body	fat	-
0.7	kg,		
-0.4	kg,	-1.6	kg,	+0.2	kg	
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Table	13	Continued	
	

Author	 Subjects	 Intervention	 Findings	 Comments	
Hurling	et	al.	
(2007)		

77	adults	
aged	~48	yr	

Internet-based	
physical	activity	
programme	

Over	9	wk,	significant	
advantage	of	bio-
impedance	body	fat	
relative	to	controls		
(-2.8%	vs.-0.2%	

Accelerometer	data	shows	
increase	of	activity	in	3-6	
MET	range	

Irving	et	al.	
(2008)		

27	women	
aged	~	51	yr	

High	vs.	low	
intensity	aerobic	
ex.	vs.	control	

At	16	wk,	high	intensity	
ex.	reduced	visceral,	fat,	
light	ex.	&	control	progs.	
did	not		

	

Irwin	et	al.	
(2003)		

173	post-
menopausal	
overweight	
women,	aged	
50-75	yr	

Exercise	facility	
and	home-based	
walking	&	other	
forms	of	mod.	
exercise	vs.	
controls	

12	months	benefits	of	
BMI	(-0.3	vs.	+0.3	kg/m2),	
waist	circum.	-1.0	vs.	+0.1	
cm),	%	body	fat	(-1.2%	
vs.	-0.2%)	

Dose-response	effect	with	
vol.	of	exercise	performed	

Jefferson	et	al.	
(2016)		

32	obese	
adults	aged	
~	68	yr	

3	d/wk	
resistance	
training	vs.	
resistance	ex.		
	+	2.5	MJ/d	
dietary	deficit	

At	5	months.	BMI	-0.08	
vs.		
-2.2	kg/m2,	
waist	circumference		
	-1.4	vs.	-8.0	cm.	body	fat	
-0.2	vs.	-3.1	kg	

Lean	mass	+0.1	kg	vs.		
-1.1	kg	

Jung	et	al.	
(2012)		

28	
overweight	
women	with	
type	2	
diabetes,	age	
~	54	yr	

Vigorous	or	
moderate	
exercise	(equi-
caloric)	vs.	
control	

At	12	wk,	waist	
circumference	-2.7%	vs.	-
2.8%	vs.	+7.2%,	total	fat	
area	-7.6%,		
-9.3%,	+0.5%	

Moderate	exercise	had	
more	effect	on	diabetes	
than	equi-caloric	vigorous	
exercise	

Karstuft	et	al.	
(2013)		

32	patients	
with	type	2	
diabetes	
mellitus	

Continuous	vs.	
interval	walking	
vs.	control		

At	4	months,	response	in	
interval	group	only	BMI	-
1.4	kg/m2,	body	fat	(DXT)	
-3.1kg	

Interval	group	also	
showed	increase	of	aerobic	
power	(4.4	ml/[kg.min])	

Kwon	et	al.	
(2010)		

27	obese	
women,	type	
2	diabetes	

60	min	mod.	
walking	5/wk	vs.	
controls	

At	12	wk,	BMI		
-0.8	vs.	-0.1	kg/m2,	waist	
circumference	-3.5	vs.	-
1.0	cm,	total	fat	-37	vs.	-5	
cm2		

	

Lehmann	et	al.	
(1995)		

29	adults	
aged	50-60	
yr	with	non-
insulin	
dependent	
diabetes	
mellitus	

Lab	exercise	
once/wk	for	90	
min,	at	50-70%	
max.	effort,	
home	ex.	3/wk	
vs.	controls	

Loss	of	fat	relative	to	
controls,	2.3%	at	3	
months,	4.3%	at	6	
months	

	

Marcos-Pardo	et	
al.	(2018)		

47	adults	
aged	67-75	
yr	

3	sessions	
resistance	
ex./wk	vs.	
control	

At	12	wk,			
-1.4%	vs.		
-0.15%	body	fat	

No	inter-group	difference	
of	BMI	

McTiernan	et	al.	
(2007)		

202	
sedentary	
adults	aged	
40-75	yr	

Exercise	370	
min/wk	(men),	
295	min/wk	
(women)	vs.	
controls	

At	1	yr,	loss	of	fat	mass	
3.0	kg	(men),	1.9	kg	
(women)	vs.	+0.2	kg	
(controls)	

Parallel	changes	in	waist	
circumference	
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Table	13	Continued	
	

Author	 Subjects	 Intervention	 Findings	 Comments	
Messier	et	al.	
(2010)		

137	
overweight	
or	obese	
post-
menopausal	
women	

Energy	
restriction	(2.0-
3.2	MJ/d)	alone	
or	with	
resistance	
training	3	d/wk	

At	6	months,	fat	loss	3.9	
kg	vs.	5.3	kg	

Exercise	component	gives	
large	increase	in	strength		

Moghadasi	et	al.	
(2013)		

16		obese	and	
overweight	
men	aged	35-
50	yr		

Treadmill	run	2	
miles	in	30	min	4	
dd/wk	vs.	
control	

At	12	wk,	bio-impedance	
body	fat	-1.9%	vs.	no	
change	

Adiponectin	mRNA	
increased	

Nicklas	et	al.	
(2015)		

126	adults	
aged	65-79	yr		

Resistance	ex.		
vs.	resistance	ex.	
+	diet	

At	5	months,	0.6	kg	vs.	
3.6	kg	

Lean	tissue	+0.3	vs.	-1.1	kg	

Park	et	al.	
(2003)		

30	obese	
women	aged	
30-45	yr	

Aerobic	ex.	6	
d/wk	vs.	aerobic	
(3	d/wk)	+	
resistance	ex.	(3	
d/wk)	vs.	control	

At	24	wk,	body	mass	-4.7,	
-6.4,	+0.6	kg;	body	fat	-
9.2,	-10.3,	2.3%	

	

Reichkendler	et	
al.	(2013)		

61	
overweight	
men	aged	
~30	yr	

2.4	vs.	1.2	MJ/d	
exercise	vs.	
control	

At	11	wk,	fat	loss	3.8	vs.	
4.2	kg	vs	0.1	kg	
(controls)	

Equal	loss	of	subcutaneous	
and	visceral	fat	

Ross	et	al.	
(2000)		

52	obese	men	
aged	40-45	yr	

Diet	vs.	exercise	
with	or	without	
wt	loss	vs.	
control		

At	12	wk	ex	with	wt	loss	
reduced	far	6.1	kg,	vs.	4.8	
kg	loss	with	dieting	

Aerobic	fitness	of	ex.	group	
increased	16%	

Silva	et	al	(Silva	
et	al.,	2010)	

.239	obese	
women	aged	
~38	yr	

Autonomous	
exercise	
promotion	vs.	
Control	

At	12	months,	7.3%	
weight	loss,	vs.	1.7%	in	
controls	

Physical	activity	increased	
2049	steps/day	

Slentz	et	al.	
(2004)		

120	
sedentary	
overweight	
adults	aged	
40-65	yr	

High	vol.,	low	
volume	vigorous	
exercise	vs.	low	
vol.	mod.	
exercise	vs.	
controls	

At	8	months,	4.8	to	2.5	kg	
fat	loss,	vs.	+0.4	kg	fat	
gain	(controls)	

Energy	balance	can	be	
corrected	by	walking	30	
min/day	

Vahlberg	et	al.	
(2017)		&	

43	adults	
aged	65-85	yr	
seen	1	yr	
after	stroke	

Biweekly	
progressive	
resistance	&	
balance	
exercises	vs.	
control	

At	3	months,	decrease	of	
body	fat	(-1.5	vs.+0,13%)	

No	change	of	fat	free	mass	

Wood	et	al.	
(1983)		

81	sedentary	
men	aged	30-
55	yr	

One	yr	running	
programme	

-3.8%	fat	loss,	vs.+2.0%	
gain	in	controls;	max.	ox.	
intake	+9.0	vs	-1.4	
ml/[kg.min]	

Minimum	13	km/wk	for	
beneficial	changes	in	HDL	
cholesterol	

Yassine	et	al.	
(2000)		

25	obese	
adults	aged	
~65.5	yr	

Exercise	50-60	
min/d	5d/wk)	
vs.	exercise	+	
caloric	
restriction	(-2	
MJ/d)	

At	12	wk,	fat	loss	4.2	kg	
vs.	6.0	kg,	waist	
circumference		
-5.6	cm	vs.	-6.5	cm	

Much	larger	decrease	of	
BMI	with	combined	
treatment	
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Cho	et	al.	(2011)	compared	the	efficacy	
of	 high	 intensity	 exercise	 (an	 effort	
demanding	 70-75%	 of	 maximal	 oxygen	
intake)	with	 an	 equal	 volume	 (1.2	MJ)	 of	
low	intensity	exercise	sessions	(at	40-50%	
of	maximal	oxygen	 intake)	 in	 a	 sample	of	
45	women	aged	~45	yr.	At	12	weeks,	 the	
decreases	in	waist	circumference	for	the	2	
exercised	 groups	 and	 for	 control	 subjects	
were	 5.7,	 5.5	 and	 0.8	 cm	 respectively.	
Likewise,	subcutaneous	fat	levels	changed	
by	-20,	-28	and	+2	cm2	and	abdominal	 fat	
levels	 by	 -7,	 -20	 and	 -2	 cm2.	 In	 other	
words,	 if	 total	 energy	 expenditures	 were	
comparable,	body	 fat	 could	be	 reduced	at	
least	 as	 effectively	 by	 a	 low	 as	 by	 a	 high	
intensity	physical	programme.	
A	 small	 study	 by	 Chomentowski	 et	 al.	

2009)	 further	 underlined	 the	 importance	
of	 exercise	 to	 the	 conservation	 of	 lean	
tissue	during	the	process	of	 fat	reduction.	
A	 half	 of	 29	 overweight	 or	 obese	 adults	
aged	 ~	 67	 yr	 were	 placed	 on	 a	 diet	 that	
reduced	 energy	 intake	 by	 2-4	 MJ/day;	 in	
itself,	 this	 reduced	 body	 fat	 content	 by	
16.5%.	The	addition	of	moderate	intensity	
walking	sessions	(35-45	min/d	3	d/wk)	to	
this	 dietary	 restriction	 only	 increased	 fat	
less	 slightly	 (to	 20.7%),	but	 the	 exercise	
sessions	had	the	important	side-benefit	of	
reducing	the	loss	of	lean	tissue	from	4.3%	
to	1.1%.	
Church	et	al.	(2007)	allocated	a	sample	

of	464	sedentary	postmenopausal	women	
between	 3	 experimental	 groups	 and	 one	
control	 group.	 The	 experimental	 groups	
increased	 their	 daily	 energy	 expenditure	
by	 16.6,	 33,3	 or	 49.9	 kJ/g	 per	 week,	
without	 dietary	 restriction.	 After	 6	
months,	all	3	exercised	groups	showed	a	3	
cm	 decrease	 of	 waist	 circumference	
relative	 to	 the	controls;	differences	 in	 the	
total	 volume	 of	 exercise	 undertaken	 per	
week	 did	 not	 seem	 to	 influence	 the	
magnitude	 of	 this	 response.	 There	 was	

also	a	trend	to	a	decrease	of	body	fat	in	all	
three	 exercised	 groups	 relative	 to	 the	
controls,	 but	 this	 trend	 was	 not	
statistically	significant.		
Cuff	 et	 al.	 (2093)	 examined	 responses	

in	28	postmenopausal	women	with	type	2	
diabetes	 mellitus.	 Subjects	 were	 divided	
between	 aerobic	 exercise	 (75	min	 of	 low	
impact	 work,	 3	 times	 per	 week),	 aerobic	
plus	 resistance	 exercise	 (a	 similar	 total	
duration	 of	 exercise	 and	 a	 similar	 total	
energy	 expenditure)	 and	 a	 control	 group.	
At	 16	 weeks,	 the	 respective	 changes	 in	
subcutaneous	fat	were	-2.0%,	-4.7%,	and	+	
3.2%,	 and	 changes	 in	 visceral	 fat	 were	 -
4/1%,	 -10.5%	 and	 -0.5%.	 The	 combined	
aerobic	 plus	 resistance	 training	 yielded	
the	 largest	 improvement	 in	blood	glucose	
regulation.	
Di	Pietro	et	al.	(1998)	involved	a	half	of	

a	small	group	of	adults	aged	~73	yr	in	a	4-
month	 trampoline	 training	 programme.	
Sixty-minute	 sessions	 of	 trampoline	
exercise	were	held	4	times	per	week,	at	an	
intensity	 rising	 from	 55%	 to	 75%	 of	 the	
individual's	maximal	heart	 rate,	while	 the	
controls	simply	participated	in	a	light	yoga	
programme.	 The	 aerobic	 activity	 did	 not	
alter	waist	circumference	or	abdominal	fat	
content	relative	to	controls,	although	it	did	
induce	 a	 16%	 increase	 of	 peak	 oxygen	
intake.	
Donges	 et	 al.	 (2013)	 compared	 the	

effects	 of	 endurance	 exercise,	 resistance	
exercise,	 and	 an	 equally-timed	 dose	 of	
endurance	 plus	 resistance	 exercise	
relative	 to	controls	 in	47	overweight	men	
aged	~48	yr.	At	12	weeks,	 the	changes	 in	
fat	 mass	 for	 the	 4	 subject	 groups	 were	 -
4.6%,	-2.8%,	-6.1%	and	+2.4%.	Changes	in	
subcutaneous	 fat	 were	 -4.4%,	 -4.0%,	 -
4.4%,	 and	 +1.8%	 and	 for	 visceral	 fat	 the	
corresponding	 figures	 were	 -10.3%,	 -
12.2%,	 -8.8%	 and	 -0.7%.	 The	 three	
exercise	 options	 not	 only	 improved	 body	
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composition,	 but	 also	 induced	 favourable	
changes	 of	 plasma	 cytokines	 and	 insulin	
sensitivity.	
Donnelly	 et	 al.	 (2013)	 studied	 141	

overweight	 or	 obese	 young	 adults,	 aged	
~22.6	yr.	Responses	 to	 five-day	per	week	
exercise	 programmes	 with	 energy	
expenditures	of	1.6	or	2.4	MJ	per	session,	
without	 dietary	 restriction,	 were	
compared	 with	 findings	 for	 a	 control	
group.	 After	 10	months,	 there	were	 body	
mass	losses	of	3.9	kg	and	5.2	kg	in	the	two	
experimental	 groups,	 compared	 with	 a	
gain	of	0.5	kg	in	controls,	while	respective	
changes	 in	 body	 fat	were	 -3.5	 kg,	 -5.2	 kg	
and	+0.2	kg.	
Friedenreich	 et	 al.	 (2011)	 arranged	 up	

to	five	45-minute	sessions	of	moderate-	to	
vigorous-	 aerobic	 activity	 per	 week	 for	
one	 year.	 Their	 sample	 comprised	 320	
postmenopausal	 and	 initially	 sedentary	
women	 aged	 50-74	 yr.	 At	 the	 end	 of	 1	
year,	 the	 experimental	 group	had	 lost	2.0	
kg	of	fat	relative	to	control	subjects,	while	
essentially	 undertaking	 no	more	 than	 the	
minimum	 public	 health	 recommended	
volume	 of	 weekly	 physical	 activity.	 In	
individuals	who	had	engaged	 in	a	 greater	
volume	 of	 physical	 activity	 than	 this	
minimum,	 there	 was	 a	 proportionally	
greater	 loss	 of	 body	 fat,	 this	 observation	
being	 confirmed	 in	 a	 subsequent	 trial	
comparing	the	benefits	of	300	versus	150	
min	of	exercise	per	week	(Friedenreich	et	
al.,	2015).	Coker	et	al.	(2009)	also	found	a	
greater	effect	from	exercise	at	75%	rather	
than	50%	of	maximal	oxygen	intake,	even	
though	the	total	added	energy	expenditure	
was	 the	same	 for	 the	 two	programmes	(4	
MJ/wk).	Clark	(2015)	further	stressed	the	
importance	 to	 fat	 loss	 of	 a	 high	 intensity	
exercise	 programme	 rather	 than	 simply	
the	 development	 of	 a	 large	 negative	
energy	balance.	

Ho	et	al.	(2012)	divided	a	sample	of	64	
adults	 aged	 40-66	 yr	 four	ways,	 between	
aerobic	 exercise	 (30	 min	 per	 session	 at	
60%	 of	 their	 heart	 rate	 reserve),	
resistance	 training	 (30	 min	 per	 session),	
both	modalities	 of	 training	 (15	 +	 15	min	
per	session)	and	a	control	group.	After	12	
weeks,	the	combined	training	had	induced	
a	larger	loss	of	body	fat	than	either	of	the	
individual	exercise	treatments	(-1.6	kg	vs.	
-0.7	kg		and	-0.4	kg).	
Hurling	 et	 al.	 (2007)	 exploited	 an	

internet	 and	 mobile-phone-based	 system	
to	encourage	greater	physical	activity	in	a	
half	 of	 a	 group	 of	 77	 adults	 aged	~48	 yr.	
Over	the	course	of	9	weeks,	accelerometer	
data	 showed	 that	 the	 experimental	 group	
had	 increased	 their	 volume	 of	 physical	
activity	 in	 the	 3-6	 MET	 range	 of	
intensities,	 and	 this	 response	 was	
reflected	 in	 a	 substantial	 loss	 in	 bio-
impedance	 estimates	 of	 body	 fat	 (-2.8%)	
compared	 with	 the	 negligible	 -0.2%	
change	seen	in	control	subjects.		
Irving	 et	 al.	 (2008)	 underlined	 the	

importance	 of	 including	 high	 intensity	
exercise	 in	 any	 preventive	 or	 therapeutic	
programme.	 In	 a	 sample	 of	 27	 women	
aged	 ~51	 yr,	 they	 compared	 a	 regimen	
involving	a	combination	of	3	days	of	high-
intensity	 aerobic	 exercise	 (a	 score	 of	 15-
17	 on	 the	 "rating	 of	 perceived	 exertion"	
scale,	 and	 progressing	 to	 an	 energy	
expenditure	of	1.6	MJ/session)	plus	2	days	
of	 light	 intensity	 exercise	 with	 an	 iso-
caloric	 programme	 of	 5	 days	 of	 light	
aerobic	exercise	(corresponding	to	an	RPE	
of	10-12).	At	16	weeks,	 the	high	 intensity	
regimen	 reduced	 visceral	 fat	 content,	 but	
no	change	of	visceral	fat	was	seen	with	the	
light	 intensity	 exercise	 or	 the	 control	
group.	 	 On	 the	 other	 hand,	 there	 was	 no	
inter-group	 difference	 in	 the	 total	 loss	 of	
body	fat.		
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Irwin	 et	 al.	 (2003)	 involved	 173	
overweight	 postmenopausal	 women	 aged	
50-75	 yr	 in	 a	 trial	 of	 moderate	 exercise,	
performed	both	at	an	exercise	facility	and	
at	 home.	 Vigorous	 walking	 proved	 the	
most	popular	conditioning	option.	Over	12	
months,	the	intervention	group	showed	an	
improvement	in	various	measures	of	body	
composition	 relative	 to	 control	 subjects	
(BMI	 -0.3	 vs.	 +0.3	 kg/m2),	 waist	
circumference	 (-1.0	 cm	 versus.	 +0.1	 cm)	
and	percentage	body	fat	(-1.2%	vs.	-0.2%).	
Moreover,	 the	 magnitude	 of	 these	
beneficial	 changes	 was	 positively	
associated	 with	 the	 volume	 of	 exercise	
undertaken	by	the	individual	subjects.	
Jefferson	 et	 al.	 (2016)	 examined	

changes	 of	 arterial	 stiffness	 in	 32	 obese	
adults	 aged	 ~68	 yr.	 A	 half	 of	 the	 group	
undertook	resistance	exercise	3	d/wk,	and	
findings	 for	 these	 individuals	 were	
compared	 with	 data	 for	 the	 remaining	
subjects,	 where	 a	 2.5	 MJ/d	 decrease	 of	
food	 intake	 was	 imposed.	 At	 5	 months,	
losses	 of	 fat	were	 substantially	 greater	 in	
those	 subjects	 where	 dietary	 restrictions	
had	 been	 imposed	 (BMI	 -0.08	 vs.	 -2.2	
kg/m2,	waist	circumference	-1.4	cm	versus	
-	 8.0	 cm,	 and	 fat	mass	 -0.2	kg	versus	 -3.1	
kg).	 However,	 the	 dietary	 restriction	 also	
increased	the	loss	of	lean	tissue	relative	to	
exercise	alone	(-0.1	g	vs.	-1.1	g).		
Jung	et	al.	 (2012)	compared	 iso-caloric	

(2	MJ)	bouts	of	vigorous	(>5.3	METs	for	30	
min)	 and	 moderate	 (3.5-5.0	 METs)	
exercise,	 undertaken	 for	 60	 min,	 5	 times	
per	 week	 in	 a	 group	 of	 28	 overweight	
women	 with	 type	 2	 diabetes.	 After	 12	
weeks,	 the	 waist	 circumference	 had	
decreased	by	2.7%	with	vigorous	exercise,	
and	by	0.8%	with	moderate	exercise,	but	it	
had	 increased	 by	 7.2%	 in	 the	 control	
group.	The	total	fat	area	had	decreased	by	
7.6%	 and	 9.0%	 with	 vigorous	 and	
moderate	 exercise,	 respectively,	 but	 had	

increased	 by	 0.5%	 in	 controls.	 The	
moderate	exercise	regimen	had	also	led	to	
the	 greatest	 improvement	 in	 glucose	
tolerance.	
Karstuft	et	al.	(2013)	conducted	a	small	

trial	 on	 32	 older	 adults	 with	 type	 2	
diabetes	 mellitus.	 Twelve	 of	 this	 group	
undertook	 continuous	 moderate	 walking	
(60	minute	 sessions,	 five	 times	 per	week	
at	 55%	 of	 peak	 aerobic	 power),	 12	
undertook	interval	walking	at	70%	of	peak	
aerobic	power,	 and	 the	 remainder	 served	
as	 controls.	 Over	 4	 months,	 changes	 of	
fitness	 and	 body	 composition	 were	 seen	
only	 in	 those	 undertaking	 the	 interval	
training.	This	group	showed	an	increase	of	
peak	 aerobic	 power	 on	 the	 treadmill	 (4.4	
ml/[kg.min]),	 a	 decrease	 of	 BMI	 (-1.4	
kg/m2),	and	a	3.1	kg	decrease	of	fat	mass,	
as	 assessed	 by	 dual	 beam	 x-ray	
absorptiometry.	
Kwon	et	al.	(2010)	evaluated	the	effects	

of	walking	60	min/d	on	5	d/wk,	in	a	group	
of	 27	 obese	women	with	 type	 2	 diabetes	
mellitus.	At	12	weeks,	the	physically	active	
group	 showed	 advantageous	 changes	
relative	 to	 controls	 in	 terms	 of	 BMI	 (-0.8	
versus	-0.1	kg/m2),	waist	circumference	(-
3.5	cm	versus	-1.0	cm)	and	total	body	fat	(-
37	cm2	versus	-5	cm2).		
Lehmann	 et	 al.	 (1995)	 demonstrated	

that	 a	 largely	 home-based	 exercise	
programme	 offered	 an	 effective	 method	
for	the	control	of	obesity	in	a	sample	of	29	
adults	 with	 non-insulin	 dependent	
diabetes	mellitus,	aged	50-60	yr.	A	half	of	
the	group	exercised	once	per	week	at	 the	
laboratory	 for	 90	min	 at	 50-70%	of	 their	
maximal	 effort,	 and	 they	 supplemented	
this	 activity	by	home	exercise,	 performed	
on	a	further	3	d/wk.	This	regimen	induced	
a	 substantial	 loss	 of	 body	 fat	 relative	 to	
controls	 (2.3%	 at	 3	 months,	 3.4%	 at	 6	
months),	 with	 a	 2.5	 kg	 increase	 of	 lean	
tissue	 mass,	 although	 no	 significant	
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change	 of	 overall	 body	 mass	 was	 seen	
relative	to	controls.	
Marcos-Pardo	 et	 al.	 (2018)	 examined	

the	 effects	 of	 resistance	 exercise	 on	 the	
body	composition	of	older	people,	dividing	
a	 sample	 of	 	 47	 adults	 aged	 67-75	 yr	
between	 an	 experimental	 and	 a	 control	
group.	 The	 experimental	 subjects	
undertook	 3	 sessions	 of	 resistance	
exercise	 per	week,	 and	 at	 12	weeks	 they	
had	 lost	 1.4%	 body	 fat,	 compared	with	 a	
negligible	 change	 of	 0.15%	 in	 control	
subjects.	Nevertheless,	there	was	no	inter-
group	difference	of	BMI	after	the	12	weeks	
of	enhanced	activity.	
McTiernan	et	al.	 (2007)	 suggested	 that	

their	 data	 supported	 consensus	
recommendations	 that	 60	 min/d	 of	
moderate	to	vigorous	physical	activity	was	
sufficient	 to	 prevent	 and	 treat	 obesity.	
Taking	 a	 sample	 of	 202	 sedentary	 adults	
aged	 40-75	 yr,	 the	 men	 engaged	 in	 370	
min/wk	 of	 moderate-to-vigorous	 facility-	
and	 home-based	 exercise	 each	week,	 and	
the	 women	 undertook	 295	 min/wk	 of	
such	 exercise.	 When	 evaluated	 at	 12	
months,	 respective	 decreases	 in	 fat	 mass	
were	3.0	kg	and	1.8	kg	relative	to	controls,	
and	 there	were	 parallel	 improvements	 in	
waist	circumferences.		
Messier	 et	 al.	 (2010)	 examined	 137	

overweight	 or	 obese	 postmenopausal	
women.	All	were	placed	on	a	2.0-3.2	MJ/d	
reduction	of	food	intake,	and	a	third	of	the	
group	 also	 performed	 resistance	 exercise	
twice	 per	 week.	 After	 6	 months,	 the	
addition	 of	 resistance	 exercise	 had	
increased	 fat	 loss	 from	 3.9	 kg	 to	 5.3	 kg,	
and	 the	 resistance	 programme	 had	 also	
substantially	 increased	 the	 muscular	
strength	 of	 participants.	 Moghadasi	 et	 al.	
(2013)	 focussed	 primarily	 upon	 exercise-
related	changes	in	adiponectin.	A	group	of	
18	 overweight	 or	 obese	 men	 aged	 35-50	
yr	were	divided	between	an	experimental	

group	 who	 undertook	 two	 miles	 of	
walking	in	30	min	4	times	per	week	and	a	
control	 group.	 After	 12	 weeks,	 bio-
impedance	measurements	showed	a	1.9%	
decrease	 in	 body	 fat	 percentage	 in	 the	
experimental	group,	although	readings	for	
the	 control	 group	 remained	 unchanged.	
The	 experimental	 group	 also	 showed	 an	
increase	of	adiponectin	mRNA.	
Nicklas	 et	 al.	 (2015)	 compared	 the	

response	 to	 moderate	 Cybex-based	
resistance	weight-stack	exercise	(3	d/wk)	
alone	 with	 the	 effects	 of	 the	 same	
resistance	 exercise	 plus	 dieting	 in	 126	
adults	 aged	65-79	yr.	After	5	months,	 the	
addition	 of	 dieting	 (a	 2.5	 MJ/day	 dietary	
reduction)	 increased	 the	 fat	 loss	 from	0.6	
kg	to	3.6	kg,	but	this	was	accompanied	by	
a	greater	loss	of	lean	tissue	(1.1	versus	0.3	
kg).	
Park	 et	 al.	 (2003)	 compared	 the	

response	 to	 aerobic	 exercise	 (6	 d/week)	
with	 that	 to	 a	 combination	 of	 aerobic	
exercise	(3	d/wk)	and	resistance	exercise	
(3	 d/wk).	 At	 24	 weeks,	 both	 treatments	
yielded	 substantial	 decreases	 of	 body	
mass	 (-4.7	 kg,	 -6.4	 kg)	 relative	 to	 control	
subjects	 (+0.6	 kg),	 and	 there	 were	 also	
substantial	reductions	 in	body	 fat	content	
(-9.2%	 and	 -10.3%)	 versus	 the	 small	
decrease	of	-2.3%	seen	in	control	subjects.	
Reichkendler	 et	 al.	 (2013)	 compared	

the	 response	 to	 two	 differing	 volumes	 of	
aerobic	 activity	 (involving	 energy	
expenditures	of	2.4	versus	1.2	MJ/day)	 in	
61	overweight	men	aged	~30	yr.	After	11	
weeks,	 the	 fat	 loss	 was	 slightly	 less	 with	
the	heavier	programme	(3.8	kg)	than	with	
the	 lighter	 programme	 (4.2	 kg),	 with	 a	
negligible	 0.1	 kg	 loss	 of	 body	 fat	 in	
controls.	Fat	was	 lost	 rather	equally	 from	
subcutaneous	 and	 visceral	 depots	 in	 this	
study.		
Ross	 et	 al.	 (2000)	 recruited	 52	 obese	

men	aged	40-45	yr	 to	a	12-week	study.	A	
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randomized	 controlled	 trial	 compared	
dietary-induced	weight	loss	(a	2.9	MJ/day	
reduction	of	energy	 intake),	exercise	with	
weight	 loss	 (a	 2.9	 MJ/day	 increase	 of	
active	 energy	 expenditure),	 exercise	
without	 weight	 loss	 and	 controls.	 The	
exercise	 where	 weight	 loss	 was	 allowed	
produced	 a	 16%	 gain	 of	 aerobic	 fitness,	
and	a	larger	decrease	of	total	body	fat	(6.1	
kg)	than	dieting	(4.8	kg).	
Silva	 et	 al	 (2010)	used	an	autonomous	

exercise	 promotion	 technique	 in	 a	
randomized	 controlled	 trial	 with	 239	
obese	 women	 aged	 ~38	 yr.	 Control	
subjects	 were	 given	 a	 simple	 educational	
programme.	 In	 the	 intervention	 group,	 a	
motivational	 initiative	 increased	 habitual	
physical	 activity	 by	 an	 average	 of	 2049	
steps	 per	 day,	 and	 after	 12	 months	 the	
experimental	 group	 had	 decreased	 their	
body	 mass	 by	 7.3%,	 as	 compared	 with	 a	
decrease	 of	 only	 1.7%	 in	 the	 control	
subjects.	
Slentz	 et	 al.	 (2004)	 evaluated	 the	

impact	of	differing	doses	of	exercise	upon	
the	 body	 composition	 of	 120	 sedentary	
and	 overweight	 adults	 aged	 40-65	 yr.	
Treatment	 options	 included	 a	 substantial	
volume	of	vigorous	exercise	(32	km/wk	of	
jogging	at	65-80%	of	peak	oxygen	intake),	
19	 km/wk	 of	 jogging	 at	 this	 same	
intensity,	and	19	km/wk	of	walking	at	40-
55%	 of	 peak	 oxygen	 intake.	 After	 8	
months,	 predictions	 of	 body	 fat	 based	 on	
the	 thickness	 of	 4	 skin-folds	 indicated	 a	
4.9	kg	loss	of	fat	in	the	most	active	group,	
compared	with	2.5	kg	and	2.0	kg	losses	in	
the	other	2	exercise	groups,	and	a	gain	of	
fat	mass	of	 0.5	 kg	 in	 the	 control	 subjects.	
The	 authors	 underlined	 that	 30	 min	 of	
exercise	 per	 day	 seemed	 sufficient	 to	
readjust	energy	balance	in	this	age	group.		
Vahlberg	 et	 al.	 (2017)	 looked	 at	 the	

ability	 to	 lose	 body	 fat	 one	 year	 after	 a	
stroke	in	43	adults	aged	65-85	yr.	A	half	of	

the	group	undertook	biweekly	progressive	
resistance	and	balance	exercises,	and	after	
3	months	they	showed	a	significant	loss	of	
fat	 relative	 to	 controls	 (-1.5%	 versus	
+0.13%).	 However,	 no	 increase	 of	 lean	
tissue	mass	was	seen	 in	 the	experimental	
group.		
Wood	 et	 al.	 (1983)	 were	 interested	

primarily	 in	 the	 influence	 of	 distance	
running	 on	 plasma	 levels	 of	 HDL	
cholesterol.	 They	 assigned	 81	 sedentary	
men	 aged	 30-55	 yr	 between	 a	 running	
programme	and	a	control	group.	After	one	
year,	 the	 runners	 had	 a	 substantial	
advantage	of	maximal	oxygen	intake	(+9.0	
versus	 -0.4	 ml/[kg.min]	 in	 controls),	 and	
they	also	 showed	a	 large	benefit	 in	 terms	
of	 changes	 in	 body	 fat	 content	 (-3.8%	 vs.	
+2.0%).		
Yassine	 et	 al.	 (2000)	 further	

emphasized	 the	 fallibility	 of	 drawing	
conclusions	about	fat	loss	from	changes	in	
BMI.	 In	 a	 group	 of	 25	 obese	 adults	 aged	
~66	 yr,	 they	 compared	 the	 effects	 of	
exercise	 alone	 (50-60	min,	 5	 d/wk)	 with	
exercise	 plus	 dietary	 restriction	 (a	
negative	 energy	 balance	 of	 2	MJ/day).	 At	
12	 weeks,	 there	 was	 a	 much	 bigger	
decrease	of	body	mass	when	exercise	was	
supplemented	 by	 dietary	 restriction,	 but	
differences	 in	 fat	 loss	 (4.2	 kg	 versus.	 6.0	
kg)	 and	 waist	 circumference	 (5.6	 cm	
versus	 6	 .5	 cm)	 were	 not	 increased	
significantly	by	the	introduction	of	dietary	
restriction.	
In	 summary,	 27	 of	 31	 controlled	

investigations	 covering	 a	 wide	 variety	 of	
populations	 detailed	 a	 substantial	 loss	 of	
body	fat	attributable	to	the	introduction	of	
various	types	of	exercise.	Of	 the	4	studies	
with	 equivocal	 or	 negative	 findings,	 two	
involved	 unusual	 forms	 of	 exercise	
(trampoline	and	Cybex),	and	one	showed	a	
loss	of	visceral	but	not	total	fat.	In	general,	
high	 intensity	 exercise	 appeared	 to	 be	
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more	effective	 than	 the	expenditure	of	an	
equal	volume	of	energy	at	a	low	intensity.	
	
Studies	 on	 the	 efficacy	 of	 exercise	 in	
elderly	and	frail	adults.		
Some	90-year-old	 adults	 can	 still	 carry	

out	 sufficient	 regular	 sessions	 of	 aerobic	
exercise	 to	 improve	 their	 body	
composition,	covering	distances	of	several	
kilometers	per	day,	albeit	aided	by	a	stick	
or	a	walker.	 	But	others	 in	 this	age	group	
can	 only	 undertake	 seated	 and/or	
resistance	exercise.	Moreover,	the	primary	
objectives	 of	 programmes	 for	 the	 frail	
elderly	are	commonly	the	strengthening	of	
muscles,	the	prevention	of	falls	and/or	an	
increase	 of	 overall	 mobility.	 Much	 less	
attention	 is	 paid	 to	 the	 impact	 of	
interventions	upon	issues	such	as	body	fat	
content.	One	systematic	review	(De	Labra,	
Guimaraes-Pinheiro,	Maseda,	Lorenzo,	and	
Millán-Calenti,	2015)	found	8	randomized	
controlled	studies	of	exercise	programmes	
for	 the	 frail	 elderly,	 but	 only	 2	 of	 these	
specifically	 examined	 body	 fat	 content.	
There	did	not	appear	to	be	any	consistent	
change	in	total	body	fat	content,	but	one	of	
the	2	reports	found	a	lesser	fat	content	of	
muscle	 tissue,	 suggesting	 that	 here	 had	
been	 an	 improvement	 in	 quality	 of	 the	
muscle	as	a	result	of	the	intervention.	
Another	 review	 of	 exercise	

programmes	 for	 the	 frail	 elderly	 (Cadore,	
Rodríguez-Mañas,	 Sinclair,	 and	 Izquierdo,	
2013)	found	a	total	of	20	relevant	studies.	
These	 described	 enhanced	 balance	 and	
gait,	and	a	reduced	risk	of	falls	as	a	result	
of	 increased	physical	activity,	but	none	of	
these	 reports	 seems	 to	 have	 considered	
possible	 changes	 in	 body	 fat	 content.	
However,	 a	 careful	 analysis	 of	 the	
literature	 reveals	 at	 least	5	 investigations	
where	changes	in	body	fat	were	examined.	
Binder	et	al.	(2005)	made	observations	

on	 91	 frail	 adults	 aged	 >78	 yr.	 The	

experimental	 group	 undertook	 light	
exercise	 programme	 for	 3	 months,	
following	 this	 with	 3	 months	 of	
progressive	resistance	training.	This	led	to	
an	 0.8	 kg	 increase	 of	 fat-free	 mass,	 but	
dual	 energy	 x-ray	 absorptiometry	
suggested	 that	 there	 had	 been	 no	 change	
in	body	fat	content.	
Cadore	 et	 al.	 (2014)	 conducted	 a	

randomized	 controlled	 trial	 on	 24	 adults	
initially	 aged	 ~91.9	 yr.	 The	 intervention	
group	undertook	multi-component	muscle	
training	twice	per	week	for	12	weeks.	This	
resulted	in	gains	of	lean	tissue	and	muscle	
strength,	 and	 computed	 tomography	
attenuation	 measurements	 suggested	 an	
improvement	 in	 the	 quality	 of	 skeletal	
muscle	 (since	 it	 had	 a	 lower	 fat	 content).	
However,	 no	 observations	were	made	 on	
possible	changes	in	total	body	fat.		
de	Jong	et	al.	(2000)	recruited	161	frail	

adults	aged	~78.6	yr	to	one	of	four	options	
(exercise,	nutritional	enrichment,	exercise	
plus	 nutritional	 change	 or	 control).	 The	
exercise	 sessions	 were	 held	 twice	 per	
week	 for	45	min,	with	a	 focus	upon	skills	
training,	 and	 the	 intensity	 was	 described	
as	 "moderate."	 At	 17	 weeks,	 none	 of	 the	
active	treatments	had	modified	BMI,	waist	
circumference	 or	 waist-hip	 ratio	 relative	
to	control	subjects.	
Villareal	 et	 al.	 (2006)	 studied	 27	 frail	

adults,	 all	 aged	 >65	 yr.	 Albeit	 somewhat	
younger	 than	 many	 of	 the	 other	 studies	
considered	 in	 Table	 14,	 the	 study	 found	
that	 three	 exercise	 and	 one	 behavioural	
session	 per	 week	 were	 effective	 in	
enhancing	power,	muscle		
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Table	14:	Effects	of	physical	activity	upon	body	composition,	as	seen	in	randomized	
controlled	trials	with	frail	elderly	populations.	
	
Author	 Subjects	 Intervention	 Findings	 Comments	
Binder	et	al.	
(2006)		

91	frail	adults	
aged	>78	yr	

3	months	light	then	
3	months	
progressive	
resistance	ex.		vs.	
light	home	ex.		

No	significant	
change	of	body	
fat	%	by	DEXA	

0.8	kg	increase	of	
fat-free	mass	in	
intervention	
group	

Cadore	et	al.	
(2014)		

24	adults	
aged	~91.9	
yr;	exercise	
and/or	
nutritional		
program	

Multi-component	
muscle	training	(2	
sessions/wk,	12	
wk)	

Increased	lean	
tissue,	reduced	
muscle	fat	
infiltration	

CT	attenuation	a	
measure	of	
muscle	quality	

de	Jong	et	al.	
(2000)		

143	frail	
adults	aged	
~78.6	yr	

Exercise	and/or	
nutritional	
enrichment	vs.	
control	

At	17	weeks,	no	
significant	
change	of	BMI,	
waist	
circumference	
or	waist-hip	
ratio	relative	to	
controls	

Exercise	
conserved	lean	
tissue	

Karelis	et	al.	
(2015)		

99	frail	
elderly	aged	
65-88	yr	

Resistance	exercise	
+	cysteine	rich	
whey	protein	vs.	
casein	controls	

At	135	d,	whey-
treated	group	
trended	to	
decrease	of	
body	fat	(0.5	
kg)	

0.4	kg	increase	of	
lean	body	mass	in	
exp.	group	

Tieland	et	al.	
(2012)		

62	frail	
elderly	aged	
~78	yr		

Resistance	exercise	
with	or	without	
protein	supplement	

At	24	wks,	no	
change	in	body	
fat	with	
exercise	alone,	
but	increased	
body	fat	if	
given	protein	
supplement	

1.3	kg	of	lean	
mass,	gains	of	
strength	&	
physical	
performance	

Villareal	et	al.	
(2006)		

27	frail	obese	
adults	aged	
>65	yr	

3	ex.	sessions,	one	
behavioural	
session/wk		

At	6	months,	
exp.	group	
showed	fat	
mass	-6.6	kg,	
vs.	+1.7	kg	in	
controls	

Aerobic	power,	
strength	&	
function	also	
improved	in	exp.	
group	
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strength	 and	 functional	 ability	 in	 the	
intervention	group.		
The	 exercise	 component	 of	 the	

treatment	comprised	30	min	of	endurance	
exercise	 and	 30	min	 of	 strength	 training.	
However,	 dietary	 counseling	 was	 also	 an	
important	 element	 in	 this	 programme,	
with	 the	 experimental	 subjects	 reducing	
their	 food	 intake	 by	 3	 MJ/d/week.	 By	 6	
months,	 the	 experimental	 group	 had	
developed	a	substantial	advantage	of	body	
composition	 relative	 to	 the	 control	
subjects,	 with	 a	 loss	 of	 body	 fat	 (6.6	 kg)	
rather	 than	 the	 increase	of	1.7	kg	 seen	 in	
the	 controls.	 Enhanced	 aerobic	
performance	seen	at	6	months	is	probably	
attributable	 largely	 to	 the	 8.4%	 decrease	
in	total	body	mass.		A	second	report	by	the	
same	 research	 group	 (Frimel,	 Sinacore,	
and	Villareal,	 2008)	 compared	 the	 effects	
of	 dieting	 alone	 with	 that	 of	 dieting	 plus	
exercise.	The	decrease	of	fat	mass	(6.8	kg)	
was	identical	for	the	2	treatments,	but	the	
addition	 of	 an	 exercise	 component	
reduced	the	loss	of	lean	tissue	from	3.5	to	
1.8	kg.	
Several	 authors	 have	 carried	 out	 trials	

where	 dietary	 supplements	 were	
administered	 along	 with	 exercise	
programmes.	 Karelis	 et	 al.	 (2015)	
evaluated	 the	 benefits	 of	 a	 cysteine-rich	
whey	 protein,	 using	 casein	 as	 a	 control	
dietary	supplement,	in	a	trial	with	99	frail	
elderly	 individuals	 aged	 65-88	 yr.	 After	
135	d,	 the	 subjects	who	had	 received	 the	
whey	 supplement	 showed	 an	 0.4	 kg	
increase	of	lean	tissue	mass,	and	an	0.5	kg	
decrease	 of	 body	 fat	 content	 relative	 to	
comparison	groups.	
Tieland	 et	 al.	 	 (2012)	 arranged	 a	 two-

armed	 trial,	with	 62	 frail	 elderly	 subjects	
aged	 ~78	 yr.	 Participants	 were	 allocated	
between	 resistance	 exercise,	 resistance	
exercise	 plus	 a	 protein	 supplement	 and	 a	
placebo	control	group.	At	24	weeks,	there	

was	 no	 change	 in	 body	 fat	 content	 with	
resistance	 exercise	 alone,	 but	 when	 a	
protein	supplement	was	also	provided,	the	
body	 fat	 content	 was	 increased.	 The	
exercise	programme	also	induced	a	1.3	kg	
increase	 of	 lean	 mass,	 with	 associated	
gains	 in	 muscular	 strength	 and	 physical	
performance.	
In	 summary,	 those	developing	exercise	

programmes	 for	 the	 frail	 elderly	 have	 to	
date	 had	 greater	 interest	 in	 enhancing	
muscle	 strength	 than	 in	 reducing	 obesity.	
Substantial	fat	loss	has	been	achieved	by	a	
combination	of	exercise	and	dieting	in	this	
age	 group,	 but	 there	 is	 as	 yet	 insufficient	
information	 to	 determine	 the	 potential	
impact	of	an	i8ncrease	of	habitual	physical	
activity	alone.	
	
Discussion	and	conclusions	
In	cross-sectional	studies,	 investigators	

have	 typically	 reported	 that	 physically	
active	 individuals	 have	 substantial	
advantageous	 characteristics	 of	 body	
composition	 relative	 to	 those	 who	 are	
inactive	 (Shephard,	 2019b),	 but	 such	
comparisons	 have	 been	 confounded	 by	
issues	 of	 self-selection	 and	 resulting	 co-
variance	effects	such	as	an	overall	healthy	
lifestyle	in	those	who	are	physically	active.	
Cross-sectional	 evidence	 of	 the	 apparent	
efficacy	of	exercise	is	strengthened	by	the	
prospective	 data	 considered	 in	 this	
review,	with	a	 spontaneous	or	prescribed	
increase	 of	 habitual	 physical	 activity	
limiting	 fat	 accumulation	 with	 aging.	
Further,	a	growing	number	of	randomized	
controlled	trials	have	demonstrated	that	a	
deliberate	 increase	 of	 habitual	 physical	
activity	 reduces	 body	 fat	 content	 in	 the	
intervention	group	relative	to	controls.	
Nevertheless,	 in	 many	 longitudinal	

interventions	 the	 beneficial	 changes	 of	
body	 composition	 observed	 in	 those	
assigned	 to	 a	 regimen	 of	 increased	



Exercise	and	Obesity:	Longitudinal	Data	

 

Health	&	Fitness	Journal	of	Canada,	ISSN	1920-6216,	Vol.	12,	No.	3	⋅	September	30,	2019	⋅	73	

physical	 activity	 have	 been	 smaller	 than	
might	 have	 been	 anticipated	 from	 cross-
sectional	 research;	 indeed,	sometimes	 the	
differences	 in	 final	 body	 composition	
between	experimental	and	control	groups	
have	 had	 neither	 statistical	 nor	 clinical	
significance.	 One	 probable	 reason	 why	
longitudinal	 investigations	 tend	 to	 show	
smaller	 benefits	 than	 cross-sectional	
comparisons	 is	 the	 practical	 problem	 of	
maintaining	 a	 substantial	 increase	 of	
physical	activity	in	the	intervention	group.	
It	 is	 notoriously	 difficult	 to	 maintain	 a	
significant	 increase	 of	 physical	 activity	 in	
half	 of	 a	 randomly	 selected	 group	 of	
individuals.	Too	often,	little	increase	in	the	
daily	 volume	 of	 exercise	 has	 been	
achieved,	 and	 investigators	 have	 had	 to	
justify	their	research	funding	by	reference	
to	 the	 mirage	 of	 creating	 "greater	 future	
intentions"	to	increase	physical	activity	in	
the	intervention	group.		Conclusions	about	
the	efficacy	of	exercise	programmes	must	
be	 based	 on	 studies	 where	 a	 substantial	
increase	 of	 physical	 activity	 has	 actually	
been	achieved.		
Another	 problem	 in	 any	 longitudinal	

study	 is	 that	 all	 of	 the	 subjects	 who	 are	
recruited	 (both	 intervention	 and	 control	
groups)	commonly	have	an	above-average	
interest	 in	 health,	 and	 they	 may	 all	 be	
following	 an	 active	 lifestyle	 with	 a	 good	
diet	 before	 the	 experiment	 begins.	 There	
are	 also	 issues	 of	 practicality.	 Even	 if	 an	
investigation	provides	 clear	proof	 that	 an	
increase	of	physical	activity	has	beneficial	
effects	 upon	 body	 composition	 in	 a	
specific	test	group,	it	may	be	very	difficult	
to	 persuade	 the	 general	 population	 to	
adopt	 the	 proposed	 regimen.	 Greater	
research	 effort	 needs	 to	 be	 directed	 to	
changing	social	attitudes,	so	that	an	active	
lifestyle	 becomes	 the	 accepted	 norm	 of	
personal	behaviour	

Despite	 these	 various	 practical	
difficulties,	 the	 majority	 of	 longitudinal	
studies	 have	 demonstrated	 a	 favourable	
influence	of	greater	physical	activity	upon	
body	 composition	 over	 a	 wide	 range	 of	
ages.	 In	 infants,	 a	 lesser	 accumulation	 of	
fat	 is	seen	 in	 individuals	with	a	high	 level	
of	spontaneous	physical	activity,	although	
there	 remains	a	need	 to	examine	how	 far	
it	 is	 possible	 for	mothers	 and/or	 nursery	
staff	to	stimulate	those	babies	that	are	less	
active	 to	 engage	 in	 a	 greater	 volume	 of	
daily	 physical	 activity,	 and	 whether	 such	
an	 intervention	 will	 also	 yield	 a	 more	
favourable	 development	 of	 their	 body	
composition.	
In	 preschool	 children,	 there	 is	 again	 a	

need	 for	 further	 research	 on	 simple	
methods	 of	 increasing	 habitual	 physical	
activity.	 In	 a	 number	 of	 the	 published	
reports,	 formal	 interventions	 have	 had	
little	impact	upon	either	the	child's	typical	
level	 of	 physical	 activity	 or	 their	 body	
composition.	 However,	 valid	 conclusions	
about	the	value	of	greater	physical	activity	
in	 this	 age	 group	 cannot	 be	 drawn	 until	
there	 have	 been	 a	 substantial	 number	 of	
studies	 of	 populations	 where	 this	 has	
actually	been	achieved.	
Summer	obesity	camps	have	usually	led	

to	a	substantial	immediate	decrease	in	the	
body	 mass	 and	 body	 fat	 content	 of	
participating	obese	adolescents,	but	it	has	
generally	 remained	 unclear	 how	 far	 this	
change	 should	 be	 attributed	 to	 dietary	
restriction	rather	than	 increased	exercise.	
Moreover,	in	many	instances	benefits	have	
been	reversed	quite	quickly	once	the	child	
has	 returned	 to	 a	 home	 environment	
where	 over-eating	 and	 a	 sedentary	
lifestyle	are	 the	norm.	Finally,	most	 camp	
attendees	 have	 initially	 been	 obese,	 and	
there	 remains	 a	 need	 to	 examine	 the	
effectiveness	of	such	camps	 in	developing	
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a	 healthy	 lifestyle	 among	 children	 who	
initially	are	sedentary	but	not	overweight.	
In	 other	 studies	 of	 older	 children	 and	

adolescents,	the	interpretation	of	data	has	
often	 been	 limited	 by	 difficulties	 in	
increasing	 the	 physical	 activity	 of	
experimental	students	relative	to	controls,	
and	 by	 weak	 measures	 of	 body	
composition	 (use	 of	 the	 BMI	 rather	 than	
skin-fold	thicknesses	or	determinations	of	
body	 fat	 content).	 Other	 issues	 reducing	
the	 likelihood	 of	 clear	 results	 have	
included	inclusion	of	only	a	small	number	
of	 obese	 individuals	 in	 the	 test	 sample,	
out-of-school	compensation	for	any	added	
physical	 activity	 during	 class-time,	 and	
failure	 to	 avoid	 increases	 of	 food	 intake	
that	 compensate	 for	 any	 increase	of	daily	
energy	 expenditure.	 Five	 of	 8	 reports	
based	 on	 subjective	 determinations	 of	
habitual	 physical	 activity	 have	 found	 no	
associations	 between	 exercise	 behaviour	
and	 subsequent	 weight	 gain,	 but	 in	
contrast	 8	 of	 10	 investigations	 where	
habitual	 physical	 activity	 was	 measured	
objectively,	 using	 devices	 such	 as	 an	
accelerometer,	 have	 demonstrated	 a	
positive	 effect	 of	 increased	 physical	
activity	 upon	 the	 subsequent	
accumulation	 of	 body	 fat.	 This	 striking	
difference	presumably	reflects	 the	 limited	
accuracy	 of	 subjective	 assessments	 of	
physical	 activity.	 Of	 26	 longitudinal	
studies	 of	 children	 and	 youth	with	 group	
assignment,	 15	 again	 showed	 an	
advantage	 of	 body	 composition	 in	 those	
students	 assigned	 to	 a	 group	 where	
greater	 physical	 activity	 was	 encouraged.	
However,	in	9	of	the	15	trials	with	positive	
results,	encouragement	to	greater	exercise	
was	 supplemented	 by	 nutritional	 advice,	
leaving	 the	 cause	 of	 any	 changes	 in	 body	
composition	unclear.	
A	 number	 of	 early	 studies	 in	 adults	

were	 based	 upon	 occupational	

comparisons,	 and	 had	 as	 their	 primary	
concern	an	assessment	of	 the	 influence	of	
vigorous	 physical	 activity	 at	 work	 upon	
cardiac	risk.	Five	of	7	occupational	studies	
with	data	 on	body	 composition	 showed	a	
lesser	 accumulation	 of	 body	 fat	 for	 those	
engaged	in	"heavy"	employment;	however,	
it	must	be	kept	 in	mind	that	the	choice	of	
employment	 is	 far	 from	 random,	 and	
heavy	workers	are	characterized	not	only	
by	a	high	level	of	daily	energy	expenditure,	
but	 also	 by	 socio-economic	 differences	
relative	 to	 sedentary	 workers.	 In	 leisure	
studies	 of	 young	 adults,	 greater	 physical	
activity	has	usually	had	a	beneficial	effect	
upon	 body	 composition.	 In	 14	 of	 17	
longitudinal	 studies	 (although	 one	 in	
women	 but	 not	 in	 men),	 body	 fat	
decreased,	or	increased	at	a	slower	rate	in	
active	individuals	than	in	those	who	were	
more	sedentary.	Moreover,	in	middle	aged	
and	 older	 adults,	 a	 physically	 active	
lifestyle	 generally	 seems	 to	 reduce	 or	
prevent	 the	usual	age-related	weight	gain	
experienced	 by	 sedentary	 individuals.		
Active	 middle-aged	 and	 older	 individuals	
had	 an	 unqualified	 advantage	 of	 body	
composition	 over	 sedentary	 people	 in	 19	
of	21	studies.	The	greater	level	of	physical	
activity	 probably	 made	 a	 major	 causal	
contribution	 to	 these	 observed	 benefits,	
but	there	may	also	have	been	effects	from	
a	 greater	 overall	 health	 consciousness	
among	 individuals	 who	 chose	 to	 remain	
active,	 relative	 to	 those	 who	 preferred	 a	
sedentary	lifestyle;	the	contribution	of	this	
more	 general	 influence	 remains	 to	 be	
clearly	evaluated.	
The	 tendency	of	 a	person	 to	 sedentary	

behaviour	 has	 usually	 been	 assessed	 by	
recording	 he	 hours	 per	 week	 spent	
watching	 television	 and/or	 other	
electronic	devices.	 Four	of	6	 such	 reports	
in	children,	and	10	of	13	studies	in	adults	
have	 shown	 an	 association	 between	
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screen-watching	 indices	 of	 sedentarity	
and	 the	 development	 of	 obesity.	
Nevertheless,	 there	 remains	 a	 need	 to	
clarify	the	impact	upon	this	association	of	
a	 relationship	 between	 screen	 watching	
and	a	low	overall	level	of	physical	activity,	
as	 well	 as	 the	 effects	 of	 snacking	 while	
watching	 the	 television.	 Investigators	
must	 still	 clarify	 the	 direction	 of	
associations	 between	 body	 composition	
and	a	sedentary	 lifestyle.	 It	may	be	 that	a	
substantial	 body	 fat	 content	 predisposes	
to	 sedentary	 living	 rather	 than	 the	
converse.	 Moreover,	 sedentary	 behaviour	
may	 not	 be	 an	 independent	 parameter;	
measurement	 of	 the	 time	 allocated	 to	
sedentary	 pursuits	 may	 simply	 be	
identifying	 those	 people	 who	 choose	 to	
take	 little	 physical	 activity.	 Certainly,	 the	
association	 between	 sedentary	 pursuits	
and	 body	 fat	 content	 is	weakened	 if	 data	
are	co-varied	for	habitual	physical	activity.		
Data	 accumulated	 during	 the	

acculturation	 of	 once	 vigorously	 active	
hunter-gatherer	communities	to	a	modern	
sedentary	 lifestyle	 offer	 yet	 further	 proof	
of	 an	 association	 between	 a	 decrease	 in	
habitual	 physical	 activity	 and	 the	
accumulation	 of	 body	 fat.	 Nevertheless,	
interpretation	of	such	studies	must	remain	
cautious,	since	a	part	of	the	responsibility	
for	 the	 substantial	 changes	 in	 body	
composition	 that	 occur	 during	
acculturation	may	reflect	a	transition	from	
"country"	 to	 shop	 food,	 and	 other	
consequences	 of	 adopting	 a	 western	
lifestyle.	
In	theory,	the	best	evidence	concerning	

the	efficacy	of	physical	activity	as	a	means	
of	 countering	 obesity	 should	 come	 from	
randomized	 controlled	 trials,	 but	 in	
practice	 a	 number	of	 problems	 remain	 to	
cloud	 the	 interpretation	 of	 such	 data.	 In	
children	an	important	 issue	has	been	that	
more	than	a	half	of	published	studies	have	

failed	to	 induce	or	 to	sustain	an	adequate	
increase	 of	 physical	 activity	 to	 anticipate	
any	 beneficial	 response.	 However,	
focusing	upon	 reports	where	 a	 significant	
increase	 of	 physical	 activity	 was	
demonstrated,	 13	 of	 15	 investigations	 of	
children	 and	 youth	 found	 beneficial	
changes	 of	 body	 composition	 in	 response	
to	 the	 intervention.	 The	 largest	 effects	
were	 seen	 with	 programmes	 that	 were	
sustained	 for	 a	 year	 or	 more.	 Other	
characteristics	 of	 effective	 programming	
were	 provision	 of	 guidance	 on	 ways	 to	
improve	 physical	 activity	 and	 nutrition,	 a	
behavioural	 component	 to	 the	
intervention,	 modification	 of	 various	
aspects	 of	 the	 child's	 environment	 to	
favour	 physical	 activity,	 and	 involvement	
of	 the	 parents,	 coupled	 with	 specific	
efforts	 to	 increase	 physical	 activity	 and	
improve	 diet.	 In	 many	 successful	
initiatives,	 greater	 physical	 activity	 was	
combined	 with	 dietary	 modification,	 and	
the	 unique	 role	 of	 physical	 activity	 thus	
remained	 unclear.	 Certainly,	 the	 best	
results	were	obtained	from	a	combination	
of	 increased	 physical	 activity,	 healthy	
eating	 and	 an	 improvement	 of	 the	 child's	
self-image	(Waters	et	al.,	2011).	
In	 adults,	 randomized	 controlled	 trials	

have	 typically	 followed	 subjects	 for	
periods	of	12-16	weeks,	and	often	sample	
sizes	have	been	quite	small.	There	remains	
a	 need	 for	 large,	 long-term	 studies	 of	 the	
efficacy	 of	 exercise	 programmes	 in	
situations	 where	 no	 dietary	 constraints	
have	 been	 imposed.	 	 Nevertheless,	 the	
available	 information	 is	 fairly	 conclusive;	
27	of	31	controlled	investigations	covering	
a	wide	variety	of	populations	have	shown	
a	 substantial	 loss	 of	 body	 fat	 attributable	
to	 both	 aerobic	 and	 resistance	 exercise.	
Moreover,	 the	 volumes	 of	 exercise	
associated	with	such	benefits	have	seemed	
within	the	capacity	of	the	average	middle-
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aged	 or	 older	 adult,	 and	 have	 carried	 the	
additional	 side-benefit	 not	 seen	 with	
dieting-	 a	 conservation	 and	 even	 an	
increase	of	lean	tissue	mass.	
In	 the	 frail	 elderly,	 some	 individuals	

have	 had	 difficulty	 in	 increasing	 their	
energy	 expenditures,	 except	 through	
programmes	 of	 seated	 or	 resistance	
exercise.	 Those	 developing	 exercise	
programmes	 for	 this	 age	 group	 have	 in	
general	 had	 greater	 interest	 in	 enhancing	
muscle	 strength	 than	 in	 reducing	 obesity.	
Studies	 have	 shown	 that	 substantial	 fat	
loss	 can	 be	 achieved	 in	 the	 frail	 elderly	
though	 a	 combination	 of	 exercise	 and	
dieting,	 but	 there	 is	 as	 yet	 insufficient	
information	 to	 determine	 the	 potential	
impact	of	an	 increase	of	habitual	physical	
activity	 alone.	Conservation	of	 lean	 tissue	
mass	 is	 an	 important	 issue	 in	 this	 age	
group,	 and	 fat	 loss	 merits	 attention	 not	
only	 because	 of	 overall	 improvements	 in	
metabolic	 health,	 but	 also	 because	 the	
decrease	 in	 body	 mass	 increases	
functional	 capacity	 in	 the	 face	 of	
weakened	muscles.	
In	summary,	most	pieces	of	longitudinal	

evidence	 thus	 point	 to	 the	 efficacy	 of	
regular	 physical	 activity	 in	 preventing	
and/or	 correcting	 obesity.	 Body	 fat	
content	 is	 reduced	 in	 those	who	 perform	
an	adequate	volume	of	exercise,	and	this	is	
achieved	 without	 the	 loss	 of	 lean	 tissue	
that	 is	 a	 major	 criticism	 of	 dietary	
restriction.	However,	there	remains	a	need	
for	more	 research	 on	 the	 practicalities	 of	
this	approach.		How	well	do	people	adhere	
to	 the	 various	 possible	 types	 of	 exercise	
intervention,	 relative	 to	 severe	 dieting?	
How	well	is	fat	loss	maintained?	And	is	the	
required	 volume	 of	 exercise,	 probably	
150-250	 min	 of	 moderate	 to	 vigorous	
aerobic	 activity	per	week,	 something	 that	
is	 acceptable	 to	 those	 members	 of	 the	

general	public	who	are	tending	to	become	
obese?	
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