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Impact paragraph

The	 objective	 of	 this	 thesis	 was	 to	 study	 the	 epidemiology	 of	 fractures,	 subsequent	

fractures,	time-trends	in	the	incidence	of	fractures	as	well	as	time-trends	in	the	incidence	

of	prescriptions	of	anti-osteoporosis	drugs	(AODs)	 in	a	50+	population	in	the	UK,	by	using	

the	Clinical	Practice	Research	Datalink	(CPRD).	Further,	the	impact	of	performing	systematic	

imaging	of	the	spine	(by	vertebral	 fracture	assessment	(VFA))	was	studied	at	the	Fracture	

Liaison	Service	(FLS)	by	using	a	software-tool	for	semiautomatic	segmentation	of	vertebral	

bodies.	

The	 comprehensive	 documentation	 of	 the	 UK	 epidemiology	 of	 fractures	 as	 presented	 in	

chapter 2	 is	 relevant	 to	 health	 policy	makers,	 epidemiologists	 and	 clinicians,	 both	 in	 the	

UK	 as	 globally.	 Before	 the	 publication	 of	 our	 study,	 the	 largest	 existing	 study	 of	 fracture	

epidemiology	 in	 England	 and	Wales,	 published	 in	 2001,	 sampled	 5	million	 adults	 during	

the	period	1988–1998.	Since	secular	changes	 in	age-	and	sex-adjusted	 fracture	 incidence	

rates	have	been	demonstrated	worldwide	in	recent	decades,	the	importance	of	our	study	

is	that	it	provides	current	estimates	of	the	UK	epidemiology	of	fractures.	In	contrast	to	the	

2001	study,	we	were	also	able	to	stratify	fracture	incidence	according	to	geographic	region,	

ethnicity	 and	 socioeconomic	 status.	 This	 yielded	 important	 information.	 Stratification	 by	

region	 revealed	 substantial	 geographic	 heterogeneity	 in	 age-	 and	 sex-adjusted	 fracture	

incidence,	with	rates	in	Scotland	almost	50%	greater	than	those	in	London	and	the	South-

East.	We	also	documented	differences	in	fracture	incidence	according	to	the	socioeconomic	

status,	 with	 the	 strongest	 association	 between	 deprivation	 and	 increased	 fracture	 risk	

observed	 in	hip	 fracture	 in	men,	with	a	relative	risk	of	1.3	 (95%	CI	1.21–1.41)	 in	 Index	of	

Multiple	Deprivation	category	5	(representing	the	most	deprived)	compared	to	category	1.	

We	observed	marked	differences	in	fracture	incidence	according	to	ethnicity,	with	the	lowest	

fracture	rates	amongst	black	individuals	and	the	highest	rates	amongst	white	individuals,	and	

with	the	South	Asian	population	experiencing	an	intermediate	fracture	rate.	It	is	important	

to	have	insight	in	the	variations	in	fracture	rates	along	geographic,	socioeconomic	and	ethic	

gradients	because	this	can	enable	health	policy	makers	in	making	decisions	with	regards	to	

the	allocation	of	healthcare	provision,	particularly	in	regions	with	the	highest	fracture	rates	

and	in	populations	with	the	highest	fracture	risk.	It	will	also	aid	both	health	policy	makers	and	

clinicians	to		implement	and	design	strategies	to	reduce	fracture	incidence	and	its	impact	on	
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individuals,	health	services	and	societies	as	a	whole.	Additionally,	this	knowledge	can	also	

serve	as	a	platform	for	future		studies	to	explore	the	reasons	for	the	observed	variations	in	

fracture	rates,	which	in	turn	can	increase	our	knowledge	of	the	causes	of	osteoporosis	and/

or	fractures.	

In chapter 3	we	presented	an	accurate	characterisation	of	time-trends	in	fracture	incidence	

from	1990	to	2012.	The	results	of	our	study	are	relevant	for	epidemiologists	and	clinicians	

as	they	provide	a	platform	to	study	factors	causing	changes	in	fracture	incidence	over	time,	

as	well	as	for	health	policy	makers	who	have	to	decide	on	the	future	allocation	of	healthcare	

services.	Our	 results	 can	be	of	 assistance	 in	 prediction	 the	healthcare	burden	 associated	

with	fractures,	as	future	projections	are	not	only	dependent	on	the	ageing	of	populations	

but	are	also	known	to	be	highly	sensitive	to	secular	changes	in	age-adjusted	incidence	rat

es.																																																																																																																																																										

Secular	 trends	 in	 fracture	 incidence	 at	 a	 single	 anatomical	 location	 have	 been	 studied	

widely	 across	 the	 world,	 with	 hip	 being	 the	 site	 most	 frequently	 investigated.	 However,	

documentation	 of	 long-term	 secular	 trends	 for	 non-hip	 fractures	 is	 sparse	 and	 very	 few	

studies	have	been	able	to	simultaneously	explore	secular	trends	amongst	a	comprehensive	

range	of	individual	fracture	sites,	as	shown	in	our	publication.	Given	that	non-hip	fractures	

accounted	 for	 53	%	 of	 the	 total	 economic	 impact	 of	 osteoporotic	 fractures	 in	 the	UK	 in	

2010	and	that	 the	majority	of	major	osteoporotic	 fractures	are	associated	with	a	marked	

relative	 reduction	 in	 survival	 and	 substantial	morbidity	 for	 individuals,	 the	 results	 of	 our	

study,	 documenting	 long-term	 secular	 changes	 simultaneously	 amongst	 a	 comprehensive	

range	of	individual	fracture	sites,	clearly	are	a	significant	contribution	to	the	current	scientific	

knowledge	on	this	subject.	Overall,	our	results	show	that	the	sex-specific	fracture	incidence	

in	the	UK	population	aged	50	years	or	over	appears	to	have	remained	stable	over	the	studied	

two	 decades.	However,	 this	 encompasses	much	 variation	 in	 fracture	 incidence	 according	

to	 sex	 and	 fracture	 site,	with	 for	 example	 an	 increased	 incidence	 observed	 in	 important	

fracture	sites	like	hip	fracture	in	men	and	vertebral	fracture	in	women.	Based	on	our	results	

we	conclude	that,	given	the	exponential	rise	of	incidence	with	age	for	fractures	at	many	sites	

and	the	increasingly	elderly	demographic	globally,	we	are	clearly	facing	a	growing	burden	of	

osteoporotic	fractures	in	the	future.	Our	findings	thus	support	the	call	for	global	action	to	

detect,	assess	and	appropriately	treat	those	individuals	at	high	fracture	risk	and	to	close	the	
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treatment	gap	for	those	patients	who	sustained	a	fracture.					

In chapter 4	we	presented	the	results	of	our	study	into	prescription	trends	of	anti-osteoporosis	

drugs	(AODs)	in	the	UK	in	men	and	women	aged	50	years	or	over,	from	year	1990	to	2012,	

coinciding	with	the	period	in	which	the	majority	of	the	currently	used	AODs	were	introduced.	

We	observed	a	rapid	increase	in	the	rate	of	first	AOD	prescription	in	women	from	1990	to	

2003	followed	by	a	gradual	further	increase	to	2006,	followed	by	stabilization	till	2009	after	

which	the	incidence	decreased.	In	men	there	was	a	similar	increase,	followed	by	a	plateau	

from	2006	onwards.	The	results	of	our	study	can	contribute	to	the	development	of	future	

guidelines	on	(subsequent)	 fracture	prevention.	Our	results	with	a	plateau	of	prescription	

rates	in	both	sexes,	and	decrease	amongst	women	in	recent	years,	are	concerning,	and	clearly	

illustrate	the	need	for	renewed	efforts	to	properly	present	the	benefits	of	these	treatments	

to	patients	as	well	as	healthcare	practitioners	in	order	to	close	the	expanding	treatment	gap.	

In	our	study	we	also	stratified	the	prescription	incidence	by	geographic	region	and	ethnicity.	

There	were	marked	regional	differences	in	the	AOD	prescription	rates,	that	cannot	fully	be	

explained	 by	 the	 regional	 variation	 in	 fracture	 rates.	 For	 instance	 in	women	 the	 fracture	

incidence	is	34%	higher	in	Scotland	than	in	London	whereas	the	difference	in	prescription	

rates	 is	 only	 7%.	 We	 observed	 marked	 variation	 in	 AOD	 prescription	 rates	 by	 ethnicity;	

for	 instance	the	incidence	of	AOD	prescription	in	black	women	was	half	that	in	white	and	

Asian	women.	The	lower	fracture	risk	in	black	women	and	men	is	probably	only	one	of	the	

explanations	for	these	differences.	These	results	prompt	further	study	into	factors	causing	

the	geographic	and	ethnic	disparities	in	AOD	prescription	rates.			

In chapter 5	we	presented	the	results	of	our	study	into	the	rates	of	subsequent	fractures	at	

one	of	six	sites	(femur/hip,	humerus,	radius/ulna,	vertebra,	rib,	or	pelvis)	after	index	fractures	

at	one	of	the	same	sites	from	1990	to	2012	in	UK	men	and	women	aged	50	years	or	over.	We	

found	that	an	index	fracture	is	associated	with	a	markedly	raised	risk	of	subsequent	fractures,	

with,	for	example,	a	relative	risk	of	subsequent	fractures	after	an	index	hip	fracture	between	

2	and	7	compared	with	the	risk	of	a	first	fracture	at	these	sites.	Our	findings	are	of	great	

importance	to	clinicians	as	they	strongly	support	the	need	for	prompt	appropriate	assessment	

and	treatment	to	reduce	risk	of	future	fractures,	following	an	index	event	in	persons	aged	

50+	years.	They	also	inform	health	care	policy	makers	that	resources	are		urgently	needed	

to	close	the	current	care	gap	experienced	by	many	patients	with	osteoporosis	worldwide.
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In chapters 6 and 7	we	focused	on	morphometric	vertebral	fractures	(VF).	These	fractures	

are	different	from	most	other	fractures	in	that	only	a	minority	of	the	fractures	are	related	

to	an	apparent	trauma.	Furthermore,	when	a	vertebral	fracture	occurs,	the	symptoms	(for	

instance	backpain)	are	often	attributed	 to	another	cause,	 like	muscle	ache,	and	only	 in	a	

minority	of	cases	a	radiological	investigation	is	requested.	But	even	if	this	occurs,	a	VF	is	often	

missed.	Due	 to	 these	 circumstances,	 only	 a	minority	 of	 VFs	 are	 actually	 diagnosed,	 even	

though	the	presence,	number,	and	severity	of	VFs	are	strong	predictors	of	future	fracture	

risk,	independent	of	age	and	bone	mineral	density	(BMD).	

In chapters 6 and 7 we	 have	 studied	 and	 implemented	 systematic	 evaluation	 of	 VFs	 by	

Vertebral	Fracture	Assessment	(VFA),	on	lateral	images	of	the	spine	obtained	by	dual	energy	

absorptiometry		(DXA,	which	also	measures	the	BMD).	After	performing	a	VFA,	VFs	have	to	

be	graded	with	regards	to	fracture	severity,	which	is	time-consuming	and	for	which	readers	

need	special	training.	To	improve	the	detection	and	classification	of	VFs,	 it	 is	necessary	to	

supply	 clinicians	 and	 radiologists	with	 tools	 that	 increase	 their	 accuracy	 and	efficiency	 in	

these	tasks.	

In chapter 6	we	describe	 the	performance	of	 a	 tool	 that	 can	be	used	 for	 semiautomatic	

segmentation	of	vertebral	bodies	on	 lateral	DXA	 images	after	which	morphometry	points	

can	be	determined	automatically.	The	 results	of	our	study	 indicate	 that	 the	accuracy	and	

precision	of	this	semiautomatic	algorithm	for	VFA	was	comparable	with	other	reported	results	

in	the	literature	and	that	this	easy	to	use	software	tool	is	reliable	for	clinical	application	to	

systematically	evaluate	VFs	from	Th	4	to	L4.	This	result	is	clearly	relevant	to	clinicians.	

In chapter 7	we	used	the	same	semiautomatic	algorithm	applied	for	VFA	to	study	the	impact	

of	the		2011	recommendation	according	to	the	Dutch	guideline,	to	perform	VFA	in	the	FLS.	

We	 found	that	after	systematic	 implementation	of	VFA	 in	FLS	patients	with	a	 recent	NVF,	

the	diagnosis	of	a	moderate	or	severe	VF	increased	15-fold	and	one	out	of	six	patients	was	

diagnosed	with	a	moderate	or	severe	VF.	As	a	result,	the	total	percentage	of	patients	eligible	

for	treatment	according	to	the	Dutch	guideline	increased	by	one	quarter.	These	results	are	

relevant	for	patients,	clinicians	as	well	as	for	health	policy	makers	and	will	be	implemented	in	

the	2022	Dutch	guideline	on	osteoporosis	and	fracture	prevention.	
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We	published	our	results	of	chapter 2	 in	the	 journal	Bone.	The	results	were	presented	 in	

a	 poster	 at	 the	 2015	 annual	meeting	 of	 the	 British	 Society	 for	 Rheumatology	 (BSR)	 and	

orally	at	the	2016	annual	meeting	of	the	International	Osteoporosis	Federation	(IOF).	The	

generally	perceived	importance	of	this	article	is	demonstrated	by	the	fact	that	by	the	time	

of	publication	of	this	thesis	this	article	was	cited	over	220	times.	The	paper	from	chapter 3 

was	published	in	Osteoporosis	International,	and	so	far	this	article	was	cited	over	45	times.	

The	results	were	also	presented	in	a	poster	at	the	annual	meetings	of	the	BSR	(2015)	and	the	

IOF	(2016).	Our	findings	from	chapter 4	were	published	in	the	Bone	journal,	and	to	date	this	

article	was	cited	over	50	times.	The	results	were	also	presented	orally	in	2016	at	the	annual	

meeting	of	the	European	Calcified	Tissue	Society	(ECTS)	and	as	a	poster	at	the	2016	congress	

of	the	(UK)	National	Osteoporosis	Society	(NOS).	The	article	from	chapter 5	was	published	in	

Osteoporosis	International.	The	results	from	chapter 6	were	published	in	The	Spine	Journal	

and	 formed	the	basis	 for	 the	paper	 from	chapter 7	which	was	published	 in	Osteoporosis	

International.	Part	of	the	results	were	presented	in	2013	as	a	poster	at	the	annual	meeting	

of	 the	 European	Alliance	 of	 Associations	 for	 Rheumatology	 (EULAR)	 and	were	 also	 orally	

presented	at	 the	annual	meeting	of	 the	American	Society	of	Bone	and	Mineral	Research	

(ASBMR)	and	this	publication	has	contributed	to	the	recommendation	that	VFA	on	lateral	DXA	

images	has	to	be	performed	systematically	in	all	patients	referred	for	a	BMD	measurement,	

in	the	new	2022	Dutch	guideline	on	osteoporosis	and	fracture	prevention.	




