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Introduction	
					Osteoporosis	 is	 currently	 defined	 as	 a	
skeletal	 disorder	 that	 is	 characterized	 by	
compromised	 bone	 strength	 which	
predisposes	an	 individual	 to	an	 increased	
risk	of	bone	 fracture	(Sipos,	Pietschmann,	
Rauner,	Kerschan-Schindl,	&	Patsch,	2009).	
It	 affects	 up	 to	 49	 million	 individuals	 in	
nine	industrialized	countries	within	North	
America,	 Europe,	 Australia,	 and	 Japan	
(Wade,	 Strader,	 Fitzpatrick,	 Anthony,	 &	
O’Malley,	 2014).	 In	 Canada,	 19.2%	 of	
women	and	3.4%	of	men	aged	50	or	older	
reported	 that	 they	 had	 been	 diagnosed	
with	 osteoporosis	 by	 a	 health	 care	

professional	 in	 2009.	 These	 numbers	
increased	 to	 31.1%	 and	 6.4%	 of	 women	
and	men,	respectively,	for	those	aged	71	or	
older	(Garriguet,	2011).		
					Primary	osteoporosis	occurs	as	a	result	
of	 estrogen	 deficiency,	 while	 secondary	
osteoporosis	 is	defined	as	 low	bone	mass	
and	micro	alterations	in	bone	strength	as	a	
result	 of	 age-related	 declines	 in	 overall	
health	(Mirza	&	Canalis,	2015;	Sipos	et	al.,	
2009).	Aging	is	accompanied	by	a	decline	in	
bioavailable	 estrogen,	 increased	oxidative	
stress,	 and	 chronic	 inflammation	 that	
decreases	 bone	 density	 (Clowes,	 Riggs,	 &	
Khosla,	2005;	Sipos	et	al.,	2009).	

Abstract	
Background:	Osteoporosis	is	a	major	public	health	issue	that	has	been	a	large	topic	of	discussion	for	the	last	
20	years.	It	is	largely	prevalent	in	an	aging	population	and	primarily	in	post-menopausal	women.	Those	with	
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that	 contribute	 to	 the	 effects	 of	 osteoporosis	 in	 an	 aging	 population.	Methods:	 	 Information	was	 gathered	
through	databases	 including	PubMed,	UBC	Library,	 and	Google	 Scholar.	Results:	Adequate	 consumption	of	
calcium	and	vitamin	D	as	well	as	regular	exercise	are	factors	that	are	recommended	to	increase	bone	mineral	
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smoking,	and	a	sedentary	lifestyle	should	be	avoided	to	optimize	bone	health.	Conclusion:	Lifestyle	factors	and	
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variety	 of	 different	 levels	 of	 physical	 activity	 and	 alcohol	 consumption,	 as	 well	 as	 the	 effects	 of	 calcium	
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					Often	 referred	 to	 as	 a	 silent	 disease,	
osteoporosis	 commonly	 goes	 undetected	
until	 a	 fracture	 occurs.	 These	 fractures	
happen	 primarily	 at	 the	 spine,	 hip,	 and	
wrist	 (Golob	 &	 Laya,	 2015).	 In	 the	 year	
2000,	 there	was	 an	 estimated	 1.6	million	
hip,	 1.7	 million	 forearm,	 and	 1.4	 million	
vertebral	 fractures	 globally	 (O’Donnell,	
2013).	 Most	 cases	 occur	 in	
postmenopausal	 women,	 with	 its	
prevalence	rising	from	4%	in	women	ages	
50	 to	 59	 to	 52%	 in	 women	 ages	 80+	
(Looker	et	al.,	1998).	It	has	been	estimated	
that	50%	of	women	and	20%	of	men	over	
the	 age	 of	 50	 years	 will	 have	 an	
osteoporosis	 related	 fracture	 in	 their	
remaining	 lifetime	 (Sözen,	 Özışık,	 &	
Basaran,	2017).	By	the	year	2025,	the	cost	
of	direct	care	for	these	fractures,	including	
medical	 office	 visits,	 hospital	 admissions,	
and	nursing	home	admissions	is	projected	
to	 be	 a	 staggering	 $25.3	 billion	 (Golob	 &	
Laya,	2015).		
					Other	factors	such	as	racial	background	
and	 prior	 medical	 conditions	 can	
predispose	 individuals	 to	 osteoporosis.	
Both	 type	 1	 and	 type	 2	 diabetes	mellitus	
are	 associated	 with	 an	 increased	 risk	 for	
osteoporosis-related	 fractures	 (Kurra	 &	
Siris,	2011).	Osteoporosis	is	also	one	of	the	
most	 common	 comorbidities	 in	 systemic	
lupus	 erythematosus	 (SLE),	 with	 recent	
cross-sectional	 studies	 demonstrating	 a	
high	frequency	of	osteoporosis	in	SLE	(Zhu	
et	al.,	2014).		
	
Purpose	
					This	 narrative	 review	 provides	 a	 brief	
overview	of	osteoporosis	and	investigates	
the	 factors	 that	 affect	 osteoporosis	 in	 an	
aging	 population.	 Through	 this	 review,	
information	 on	 lifestyle	 factors,	 nutrition,	
supplementation,	 and	 exercise	 are	
provided	 as	 a	 resource	 of	 knowledge	

translation	 for	 those	 who	 are	 looking	 to	
gain	awareness	about	the	topic.	
	
Methods	
Information	 was	 gathered	 through	 the	

search	 of	 relevant	 articles	 via	 electronic	
databases	 including	PubMed,	UBC	 library,	
and	 Google	 Scholar.	 This	 contained	
contents	from	2003	to	2019.	
	
Results	
Lifestyle	
					Lifestyle	 factors	 influence	 20-40%	 of	
adult	peak	bone	mass	(Weaver	et	al.,	2016).	
Other	 factors	 that	 influence	 adult	 peak	
bone	 mass	 include	 family	 history,	 age,	
gender,	hormonal	levels,	and	the	presence	
of	 comorbidities	 (Beck,	 Daly,	 Singh,	 &	
Taaffe.,	 2017).	 Three	 lifestyle	 factors	 that	
have	 been	 primarily	 studied	 in	 regard	 to	
osteoporosis	 are	 alcohol	 consumption,	
cigarette	 smoking,	 and	 physical	 activity	
levels	(Weaver	et	al.,	2016).		
					Alcohol	consumption	in	early	adulthood	
has	been	 found	 to	 suppress	bone	growth,	
lower	bone	mineral	density,	and	lead	to	the	
failure	to	reach	optimal	bone	mass	(Bultink	
&	Lems,	2013).		
					Cigarette	 smoking	 has	 been	 found	 to	
have	 direct	 effects	 on	 osteogenesis	
including	 alterations	 in	 collagen	
metabolism	 and	 bone	 angiogenesis	
(Bultink	&	Lems,	2013).	Indirect	effects	of	
smoking	 may	 produce	 alterations	 in	
intestinal	 calcium	 absorption,	 as	 well	 as	
dysregulation	 in	 sex,	 adrenal	 cortical,	
gonadal	 and	 calciotropic	 hormone	
production	(Bultink	&	Lems,	2013).		
					The	 importance	of	physical	activity	has	
been	widely	supported	across	research	for	
optimal	 bone	 health.	 Moderate	 levels	 of	
physical	 activity	 have	 been	 found	 to	
regulate	bone	maintenance,	stimulate	bone	
formation,	and	reduce	the	risk	of	falls	and	
fractures	 (Borer,	 2005;	 Sinaki	 &	 Pfeifer,	
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2017).	 Recent	 human	 trials	 have	 not	 yet	
determined	 the	 optimal	 dose	 of	 a	
combination	 of	 both	 aerobic	 and	
musculoskeletal	exercise	for	prevention	of	
osteoporotic	related	fractures.	However,	a	
minimum	of	at	least	two	sessions	per	week	
of	progressive	resistance	training	as	well	as	
three	to	seven	sessions	per	week	of	balance	
and	 impact	 activities	 are	 recommended	
(Beck	et	al.,	2017)		
	
Exercise	Prescription		
					Prescriptions	 for	 osteogenic	 exercise	
and	 rehabilitation	 measures	 need	 to	 be	
individualized	 (Sinaki	 et	 al.,	 2010).	 An	
assessment	 of	 each	 individual’s	
musculoskeletal	competence	must	be	done	
prior	 to	 the	 prescription	 of	 an	 exercise	
program	to	improve	patient	compliance.	
This	includes,	but	is	not	limited	to,	spine	

and	hip	 bone	mass,	 cardiovascular	 health	
status,	 age,	 and	 past	 history	 of	 physical	
activity	 interests	 (Sinaki	 et	 al.,	 2010).	 An	
ideal	exercise	prescription	program	should	

incorporate	 weight	 bearing,	 resistance	
training,	and	balance	 focused	exercises	 to	
optimize	 bone	 health	 and	 aid	 in	 the	
prevention	 and	 rehabilitation	 of	
osteoporosis	(Table	1).	Regularly	engaging	
in	these	exercises	can	prevent	osteoporosis	
by	increasing	bone	mineral	density	to	build	
stronger	 bones	 and	 improve	 balance,	
stability,	 and	 coordination.	 This,	 in	 turn,	
reduces	 the	 risk	 of	 falls	 and	 subsequent	
fractures	(Hingorjo,	Syed,	&	Qureshi,	2008;	
Hong	&	Kim,	2018).	The	use	of	progressive	
balance-focused	 exercises	 such	 as	Tai	 Chi	
and	 gait	 training	 have	 been	 cited	 as	
adequate	 fall	 prevention	 strategies	 (Body	
et	 al.,	 2011).	 Exercise	 programs	 that	 are	
shown	 to	 be	 most	 effective	 in	 the	
prevention	 of	 osteoporosis	 primarily	
target	 the	 spine	and	hips.	Weight	bearing	
exercises,	 such	 as	walking,	 are	 important	
for	maintenance	of	bone	mineral	density	of	
the	 hips	 and	 lower	 extremities.	
Progressive,	 resistive	 back	 extension	
exercises	 can	 enhance	 strength	 of	 the	

Table	1:		Outline	of	exercises	to	prevent	and	manage	osteoporosis	
Type	of	exercise	 Goal	 Modality	 Guidelines	

Weight-bearing	
exercises	

Accumulate	bone	
mineral	densitya	

High-	to	medium-	impact:	
basketball,	jumping,	skipping	
rope,	tennis,	volleyball,	and	
joggingb	
	
Lower	impact:	brisk	walking,	
and	stair	climbingb	

30-60	min.	per	day,	3-5	
days	a	week	(preferably	
every	day)a	
	

Resistance	training	 Accumulate	bone	
mineral	densityc	

Performing	work	against	a	
load	such	as	free	weights,	
bodyweight,	resistance	bands,	
and	machinesc	

8-12	reps	per	set,	3	sets	
per	exercise,	2-3	times	
per	weekc	
	

Target	major	muscle	
groups	on	non-
consecutive	daysc	
	

Progressive	overloadc	

Balance-focused	
exercises	

Improve	stability,	
coordination,	and	
postured	

Tai	chi,	balancing	on	
toes/heels,	and	back	
extensiond	

15-20	min,	7	days/weekd	

Note:		Data	are	from	Fletcher	(2013)a,	Todd	&	Robinson	(2003)b,	Hong	&	Kim	(2018)c,	and	Hingorjo,	Syed,	&	
Qureshi.,	(2008)d	
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spine,	 increasing	 its	bone	mineral	density	
and	thus,	decreasing	the	risk	of	developing	
osteoporosis	(Sinaki	et	al.,	2010).	
	
Nutrition	and	Supplementation	
					Adequate	 consumption	 of	 calcium	 and	
vitamin	D	are	recommended	as	a	strategy	
for	 the	 prevention	 of	 osteoporotic	
fractures	 (Garriguet,	 2011;	 Weaver,	
Bischoff-Ferrari,	 &	 Shanahan,	 2019).	
Adaptive	 bone	 responses	 to	 exercise	
require	 abundant	 calcium	 and	 vitamin	 D	
availability,	 as	 sufficient	 supplementation	
will	 augment	 exercise	 programs	 for	
optimal	 musculoskeletal	 well-being	 and	
functioning	 (Beck	 et	 al.,	 2017;	 Borer,	
2005).	 In	 the	 United	 States,	 the	 daily	
recommended	intake	of	calcium	for	women	
and	men	aged	51	or	older	 is	1200mg	and	
1000mg,	 respectively.	 (Reid,	 Bristow	 &	
Bolland,	 2015;	 Weaver	 et	 al.,	 2019).	
However,	 recent	 data	 has	 suggested	 that	
these	recommendations	are	not	conclusive.	
It	 has	 been	 found	 that	 calcium	 intake	
between	500-1000mg	is	adequate	for	bone	
mineralization	 in	older	 individuals	at	 risk	
of	 osteoporosis	 (Bolland,	 Grey,	 &	 Reid.,	
2015;	 Garriguet,	 2011;	 Reid	 et	 al.,	 2015;	
Weaver	et	al.,	2019).	 In	 spite	of	 this	data,	
recent	research	has	shown	adverse	effects	
associated	 with	 calcium	 supplementation	
such	 as	 gastrointestinal	 effects,	 kidney	
stones,	and	a	small	 increase	 in	 the	risk	of	
myocardial	infarction	(Bolland	et	al.,	2015;	
Harvey	et	al.,	2017;	Weaver	et	al.,	2016).	
					Vitamin	 D	 plays	 a	 major	 role	 in	 bone	
health	 as	 its	 presence	 is	 required	 for	
dietary	calcium	to	be	absorbed	in	the	small	
intestine	 (Weaver	 et	 al.,	 2019).	 In	 the	
United	 States,	 the	 daily	 recommended	
intake	for	women	and	men	aged	51	or	older	
is	600mg	(Weaver	et	al.,	2019).	Few	foods	
contain	 concentrated	 amounts	 of	 vitamin	
D,	 making	 it	 an	 under	 consumed	 dietary	
nutrient	 (Garriguet,	 2011;	 Weaver	 et	 al.,	

2019).	 However,	 exposure	 of	 the	 skin	 to	
sunlight	 initiates	 endogenous	 vitamin	 D	
synthesis,	 making	 it	 the	 major	 source	 of	
vitamin	D	for	most	humans	(Holick,	2011;	
Weaver	et	al.,	2019).	
	
Discussion	
Expanding	on	the	results	of	the	research,	

lifestyle	 and	 risk	 factors	 are	 evidently	
important	 in	 the	 maintenance	 of	 bone	
health.	Chronic	 alcohol	 consumption	
should	be	avoided	at	all	costs,	while	further	
research	should	aim	to	discover	the	effects	
of	moderate	alcohol	drinking.	Additionally,	
individuals	 should	 refrain	 from	 smoking	
and	physical	inactivity	due	to	their	effects	
on	 metabolism	 and	 overall	 bone	 density	
(Bultink	 &	 Lems,	 2013;	 Tremblay,	 Colley,	
Saunders,	Healy,	&	Owen,	2010)	
					Exercise	does	not	have	to	be	strenuous	
to	 be	 effective	 (Cosman	 et	 al.,	 2014).	
Physical	activity	influences	bone	mass	and	
strength	 at	 all	 ages	 of	 skeletal	
development.	 Data	 suggests	 that	 regular	
physical	activity	optimizes	bone	geometry	
and	 likely	 promotes	 bone	 mass	 accrual	
during	childhood,	aids	in	the	maintenance	
of	 bone	 during	 adulthood,	 and	 mitigates	
the	loss	of	bone	mass	and	strength	during	
old	age	(Harding	&	Beck,	2017).	Many	trials	
report	benefits	of	exercise	to	bone	mineral	
density	 in	 adulthood	 either	 preventing	
deficits	or	promoting	gains	to	bone	mineral	
density	 by	 1-3%	 following	 exercise	
interventions	 done	 over	 the	 course	 of	 24	
and	 104	 weeks	 (Beck	 et	 al.,	 2017).	
Increases	 in	 bone	mineral	 density	 due	 to	
load-induced	 exercise	 increases	 bones	
susceptibility	 to	 bending	 (Beck	 et	 al.,	
2017).	Evidence	from	randomized	control	
trials	 and	 meta-analyses	 show	 that	
exercise	 training	 involving	 multi-modal	
programs	that	 include	resistance	training,	
weight-bearing,	 and	 balanced	 focus	
exercises	 can	 improve	 the	 bone	 health	 of	
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adolescents,	 pre-and	 post-menopausal	
women,	and	older	men	(Beck	et	al.,	2017).	
Exercise	 programs	 including	 high	 impact	
weight	 bearing	 activities,	 progressive	
resistance	 training	 and	 balance	 training	
should	 address	 various	 limitations	 in	
clinical	or	functional	capacities	of	different	
individuals	 as	 some	 may	 require	 a	 more	
conservative	approach	 than	others	with	a	
focus	on	one	type	of	exercise	over	another	
(Beck	et	al.,	2017).	An	exercise	prescription	
should	be	highly	individualized,	taking	into	
account	 factors	 such	 as	 an	 individual’s	
current	 bone	 mineral	 density,	 functional	
and	 clinical	 risk	 factors	 for	 falls	 and	
fractures,	nutrient	deficient	diets,	as	well	as	
comorbidities	 such	as	prior	 stroke,	 spinal	
cord	injury,	and	SLE	(Beck	et	al.,	2017;	Zhu	
et	 al.,	 2014).	 An	 individual’s	 current	 gait,	
balance,	mobility,	transfer	ability,	range	of	
motion,	 vision,	 and	 muscular	 strength	
should	 also	 be	 considered	 as	 exercise	
prescription	 should	 be	 tailored	 to	 their	
functional	 capacity	 (Beck	 et	 al.,	 2017).	
Individuals	 with	 osteoporosis	 should	
consult	 a	 health	 professional	 before	
starting	a	new	exercise	program	(Bonner	et	
al.,	2003).		
					There	 is	 conflicting	 evidence	 that	
supports	concomitant	calcium	and	vitamin	
D	supplementation	in	the	overall	reduction	
of	fractures.	Due	to	inconsistent	results	and	
adverse	 effects	 of	 calcium,	 it	 is	 suggested	
that	 supplementation	 be	 reserved	 for	
individuals	 who	 are	 at	 a	 high	 risk	 of	
deficiency	in	these	nutrients	(Harvey	et	al.,	
2017;	Reid	et	al.,	2015).		
	
Conclusions		
					The	 pervasiveness	 of	 osteoporosis	 and	
its	 substantial	 cost	 to	 the	 health	 care	
system	 has	 led	 researchers	 to	 investigate	
the	factors	that	mitigate	its	effects.	Lifestyle	
factors	 such	 as	 smoking,	 alcohol	
consumption,	 physical	 inactivity	 and	 the	

consumption	 of	 nutrients	 required	 for	
bone	 health	 can	 be	 adjusted	 in	 order	 to	
reduce	the	risk	of	developing	osteoporosis	
later	on	in	life.	Further	research	regarding	
optimal	 levels	 of	 aerobic	 and	
musculoskeletal	 physical	 activity	 and	 the	
effects	 of	 calcium	 supplementation	 on	
cardiovascular	health	should	be	conducted,	
as	current	findings	are	inconclusive.	
	
Acknowledgements	
					The	authors	would	like	to	acknowledge	
Dr.	 Darren	 Warburton	 for	 his	 guidance,	
contribution,	and	assistance	in	conducting	
this	narrative	review.	
	
Authors’	Qualifications	
The	 authors’	 qualifications	 are	 as	

follows:	 Mark	 Ashamalla,	 BKin;	 Walee	
Malik,	BKin;	Nicole	Cahill-McMahon,	BKin;	
Jasmine	Deol,	HBSc	 in	Life	Sciences;	 Jadin	
Sandhu,	BKin;	Tracy	Hu,	BKin.		
	
References	
Beck,	B.	R.,	Daly,	R.	M.,	Singh,	M.	A.	F.,	&	Taaffe,	D.	R.		

(2017).	 Exercise	 and	 sports	 science	
australia	 (ESSA)	 position	 statement	 on	
exercise	 prescription	 for	 the	 prevention	
and	 management	 of	 osteoporosis.	Journal	
of	Science	and	Medicine	in	Sport,	20(5),	438-
445.	doi:10.1016/j.jsams.2016.10.001	

Body,	J.	J.,	Bergmann,	P.,	Boonen,	S.,	Boutsen,	Y.,	
Bruyere,	O.,	Devogelaer,	J.	P.,	.	.	.	Reginster,	
J.	 Y.	 (2011).	 Non-pharmacological	
management	of	osteoporosis:	A	consensus	
of	 the	 belgian	 bone	 club.	Osteoporosis	
International,	22(11),	 2769-2788.	
doi:10.1007/s00198-011-1545-x	

Bolland,	M.	J.,	Grey,	A.,	&	Reid,	I.	R.	(2015).		
Should	we	prescribe	calcium	or	vitamin	D	
supplements	 to	 treat	 or	 prevent	
osteoporosis?	Climacteric,	18(2),	 22-31.	
doi:10.3109/13697137.2015.1098266	

Bonner	Jr,	F.	J.,	Sinaki,	M.,	Grabois,	M.,		
Shipp,	 K.	 M.,	 Lane,	 J.	 M.,	 Lindsay,	 R.,	 .	 .	 .	
Gordon,	S.	L.	(2003).	Health	professional's	
guide	 to	 rehabilitation	of	 the	patient	with	
osteoporosis.	Osteoporosis	
International,	14(S2),	 1-22.	
doi:10.1007/s00198-002-1308-9	



Factors	Affecting	Bone	Health	

 

Health	&	Fitness	Journal	of	Canada,	ISSN	1920-6216,	Vol.	13,	No.	2	×	June	30,	2020	×	35	

Borer,	K.	T.	(2005).	Physical	activity	in	the	
prevention	 and	 amelioration	 of	
osteoporosis	 in	 women:	 Interaction	 of	
mechanical,	 hormonal	 and	 dietary	 factors.	
Cham:	 Adis	 International.	
doi:10.2165/00007256-200535090-
00004	

Bultink,	I.	E.	M.,	&	Lems,	W.	F.	(2013).		
Osteoarthritis	 and	 osteoporosis:	 What	 is	
the	 overlap?	Current	 Rheumatology	
Reports,	15(5),	 1-8.	 doi:10.1007/s11926-
013-0328-0	

Clowes,	J.	A.,	Riggs,	B.	L.,	&	Khosla,	S.	(2005).		
The	 role	 of	 the	 immune	 system	 in	 the	
pathophysiology	 of	
osteoporosis.	Immunological	
Reviews,	208(1),	 207-227.	
doi:10.1111/j.0105-2896.2005.00334.x	

Cosman,	F.,	de	Beur,	S.	J.,	LeBoff,	M.	S.,		
Lewiecki,	E.	M.,	Tanner,	B.,	Randall,	S.,	 .	 .	 .	
National	Osteoporosis	Foundation.	(2014).	
Clinician's	 guide	 to	 prevention	 and	
treatment	 of	 osteoporosis.	Osteoporosis	
International	 :	 A	 Journal	 Established	 as	
Result	of	Cooperation	between	the	European	
Foundation	 for	 Osteoporosis	 and	 the	
National	 Osteoporosis	 Foundation	 of	 the	
USA,	25(10),	 2359.	 doi:10.1007/s00198-
014-2794-2	

Fletcher,	J.	A.	(2013).	Canadian	academy	of		
sport	 and	 exercise	 medicine	 position	
statement:	 Osteoporosis	 and	
exercise.	Clinical	 Journal	 of	 Sport	
Medicine,	23(5),	 333-338.	
doi:10.1097/JSM.0000000000000002	

Garriguet,	D.,	&	Statistics	Canada.		
(2011).	Bone	 health:	 Osteoporosis,	 calcium	
and	 vitamin	 D.	(No.	 22,	 no.	 3.;2013-
01175.;22,	 no.	 3,	 (September	 2011);).	
Ottawa:	Statistics	Canada.	

Golob,	A.	L.,	&	Laya,	M.	B.	(2015).	Osteoporosis:		
Screening,	 prevention,	 and	
management.	The	Medical	 Clinics	 of	 North	
America,	99(3),	 587.	
doi:10.1016/j.mcna.2015.01.010	

Harding,	A.	T.,	&	Beck,	B.	R.	(2017).	Exercise,		
osteoporosis,	 and	 bone	 geometry.	Sports	
(Basel,	 Switzerland),	5(2),	 29.	
doi:10.3390/sports5020029	

	Harvey,	N.	C.,	Biver,	E.,	Kaufman,	J.,	Bauer,		
J.,	 Branco,	 J.,	 Brandi,	 M.	 L.,	 .	 .	 .	 Cooper,	 C.	
(2017).	 The	 role	 of	 calcium	
supplementation	 in	 healthy	
musculoskeletal	 ageing:	 An	 expert’s	

consensus	meeting	of	the	european	society	
for	 clinical	 and	 economic	 aspects	 of	
osteoporosis,	 osteoarthritis	 and	
musculoskeletal	diseases	(ESCEO)	and	the	
international	 foundation	 for	 osteoporosis	
(IOF).	Osteoporosis	International	:	A	Journal	
Established	 as	 Result	 of	 Cooperation	
between	 the	 European	 Foundation	 for	
Osteoporosis	and	the	National	Osteoporosis	
Foundation	 of	 the	 USA,	28(2),	 447-462.	
doi:10.1007/s00198-016-3773-6	

Hingorjo,	M.	R.,	Syed,	S.,	&	Qureshi,	M.	A.		
(2008).	 Role	 of	 exercise	 in	 osteoporosis	
prevention--current	 concepts.	JPMA.	 the	
Journal	 of	 the	 Pakistan	 Medical	
Association,	58(2),	78.	

Holick,	M.	F.	(2011).	Vitamin	D	deficiency	in		
2010	 health	 benefits	 of	 vitamin	 D	 and	
sunlight:	 A	 D-bate.	Nature	 Reviews	
Endocrinology,	7(2),	 73-75.	
doi:10.1038/nrendo.2010.234	

Hong,	A.	R.,	&	Kim,	S.	W.	(2018).	Effects	of		
resistance	 exercise	 on	 bone	
health.	Endocrinology	 and	 Metabolism	
(Seoul,	 Korea),	33(4),	 435-444.	
doi:10.3803/EnM.2018.33.4.435	

Kurra,	S.,	&	Siris,	E.	(2011).	Diabetes	and	bone		
health:	The	relationship	between	diabetes	
and	 osteoporosis-associated	
fractures.	Diabetes/Metabolism	 Research	
and	 Reviews,	27(5),	 430-435.	
doi:10.1002/dmrr.1197	

Looker,	A.	C.,	Wahner,	H.	W.,	Dunn,	W.	L.,	Calvo,	M.		
S.,	Harris,	T.	B.,	Heyse,	S.	P.,	 .	 .	 .	Lindsay,	R.	
(1998).	 Updated	 data	 on	 proximal	 femur	
bone	 mineral	 levels	 of	 US	
adults.	Osteoporosis	 International,	8(5),	
468-490.	doi:10.1007/s001980050093	

Mirza,	F.,	&	Canalis,	E.	(2015).	secondary		
osteoporosis:	 Pathophysiology	 and	
management.	European	 Journal	 of	
Endocrinology	 /	 European	 Federation	 of	
Endocrine	 Societies,	173(3),	 R131-R151.	
doi:10.1530/EJE-15-0118	

O’Donnell,	S.,	&	Canadian	Chronic	Disease		
Surveillance	System	(CCDSS)	Osteoporosis	
Working	 Group.	 (2013).	 Use	 of	
administrative	 data	 for	 national	
surveillance	 of	 osteoporosis	 and	 related	
fractures	 in	 canada:	 Results	 from	 a	
feasibility	 study.	Archives	 of	
Osteoporosis,	8(1),	 1-6.	
doi:10.1007/s11657-013-0143-2	

Reid,	I.	R.,	Bristow,	S.	M.,	&	Bolland,	M.	J.		



Factors	Affecting	Bone	Health	

 

Health	&	Fitness	Journal	of	Canada,	ISSN	1920-6216,	Vol.	13,	No.	2	×	June	30,	2020	×	36	

(2015).	Calcium	supplements:	Benefits	and	
risks.	Journal	 of	 Internal	 Medicine,	278(4),	
354-368.	doi:10.1111/joim.12394	

Sinaki,	M.,	Pfeifer,	M.,	Preisinger,	E.,	Itoi,	E.,	Rizzoli,		
R.,	Boonen,	S.,	.	.	.	Minne,	H.	W.	(2010).	The	
role	 of	 exercise	 in	 the	 treatment	 of	
osteoporosis.	Current	 Osteoporosis	
Reports,	8(3),	 138-144.	
doi:10.1007/s11914-010-0019-y	

Sinaki,	M.,	&	Pfeifer,	M.	(2017).		
Osteoporosis:	Diagnosis,	Risk	Factors,	and	
Prevention.	In	M.	Sinaki	&	M.	Pfeifer	(Eds.)	
Non-Pharmacological	 Management	 of	
Osteoporosis	(pp.	1-11).	Cham,	Switzerland	
Springer.	 doi:10.1007/978-3-319-54016-
0_1.	

Sipos,	W.,	Pietschmann,	P.,	Rauner,	M.,		
Kerschan-Schindl,	 K.,	 &	 Patsch,	 J.	 (2009).	
Pathophysiology	 of	 osteoporosis.	Wiener	
Medizinische	 Wochenschrift,	159(9),	 230-
234.	doi:10.1007/s10354-009-0647-y	

Sözen,	T.,	Özışık,	L.,	&	Başaran,	N.	Ç.	(2017).	
An	 overview	 and	 management	 of	
osteoporosis.	European	 Journal	 of	
Rheumatology,	4(1),	 46-56.	
doi:10.5152/eurjrheum.2016.048	

Todd,	J.	A.,	&	Robinson,	R.	J.	(2003).		
Osteoporosis	 and	 exercise.	Postgraduate	
Medical	 Journal,	79(932),	 320-323.	
doi:10.1136/pmj.79.932.320	

Tremblay,	M.	S.,	Colley,	R.	C.,	Healy,	G.	N.,	
Owen,	 N.,	 &	 Saunders,	 T.	 J.	 (2010).	
Physiological	 and	health	 implications	 of	 a	
sedentary	 lifestyle.	Applied	 Physiology,	
Nutrition,	and	Metabolism,	35(6),	725-740.	
doi:10.1139/H10-079	

	Wade,	S.	W.,	Strader,	C.,	Fitzpatrick,	L.	A.,	
Anthony,	 M.	 S.,	 &	 O’Malley,	 C.	 D.	 (2014).	
Estimating	 prevalence	 of	 osteoporosis:	
Examples	 from	 industrialized	
countries.	Archives	of	Osteoporosis,	9(1),	1-
10.	doi:10.1007/s11657-014-0182-3	

Weaver,	C.	M.,	Alexander,	D.	D.,	Boushey,	C.		
J.,	 .	 .	 .	 Wang,	 D.	 D.	 (2016).	 Calcium	 plus	
vitamin	 D	 supplementation	 and	 risk	 of	
fractures:	 An	 updated	meta-analysis	 from	
the	 national	 osteoporosis	
foundation.	Osteoporosis	
International,	27(1),	 367-376.	
doi:10.1007/s00198-015-3386-5	

Weaver,	C.	M.,	Bischoff–Ferrari,	H.	A.,	&		
Shanahan,	 C.	 J.	 (2019).	 Cost-benefit	
analysis	 of	 calcium	 and	 vitamin	 D	
supplements.	Archives	 of	

Osteoporosis,	14(1),	 1-12.	
doi:10.1007/s11657-019-0589-y	

Zhu,	T.	Y.,	Griffith,	J.	F.,	Au,	S.,	Tang,	X.,	Kwok,	A.	W.,		
Leung,	P.,	.	.	.	Tam,	L.	(2014).	Bone	mineral	
density	 change	 in	 systemic	 lupus	
erythematosus:	 A	 5-year	 follow	 up	
study.	The	 Journal	 of	
Rheumatology,	41(10),	 1990-1997.	
doi:10.3899/jrheum.131190	

	
	

	


