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gENErAl disCussioN

7 years later
Job	 is	now	a	14	year-old-teenager	 in	 the	 third	grade	of	high	 school.	He	 switched	 from	a	
4	times	daily	 insulin	 schedule	 to	 insulin	 pump	 therapy	 (continuous	 subcutaneous	 insulin	
infusion,	CSII)	three	years	ago,	because	he	did	not	want	to	inject	insulin	4	times	with	the	pen	
in	his	body	anymore.	He	also	wanted	to	be	able	to	eat	snacks	after	school	like	his	friends	and	
thought	it	would	be	easy	to	be	able	to	bolus	for	the	snacks	at	any	time.	When	he	is	not	in	
school,	he	is	busy	playing	soccer	and	hanging	out	with	his	friends.	The	management	of	his	
diabetes	is	not	a	priority	in	his	busy	calendar:	he	simply	lacks	the	time	to	regularly	perform	
those	stupid	blood	glucose	measurements	and	to	calculate	carbohydrates	to	use	his	bolus	
calculator,	 and,	 frankly,	 the	disease	 just	does	not	 interest	him	much	at	 the	moment.	 Job	
himself	is	satisfied	with	the	situation	and	does	not	seem	to	be	concerned	about	it.	He	feels	
pretty	good	and	does	not	notice	any	problems	due	to	his	disease	in	his	daily	life.
By	contrast,	his	parents	are	very	concerned	about	Job.	They	fear	that	poor	management	

of	his	diabetes	will	cause	serious	medical	problems	in	the	future.	They	frequently	tell	him	off	
about	not	performing	his	blood	glucose	measurements	and	not	taking	time	to	calculate	and	
administer	a	proper	mealtime	bolus.	Job	usually	responds	by	being	sullen	and	withdrawn,	
and	by	slamming	the	door	occasionally.	The	parents	often	argue	with	each	other	about	how	
to	approach	Job	and	his	medical	problem.	Should	they	take	over	the	diabetes	management?	
Should	they	punish	him	when	he	does	not	follow	the	management	rules?	Should	they	give	
him	 full	 responsibility	 without	 any	 interference	 from	 themselves?	 Should	 they	 get	 him	
psychological	help?
Job	just	shrugs	when	they	ask	him	what	he	would	prefer.	“I	don’t	know”,	he	says.	He	hates	

going	to	the	hospital	for	his	annual	lab	check-up.	“What’s	it	all	good	for?”,	he	sighs.	“I	won’t	
get	better	anyway,	and	I	will	never	be	normal	like	all	the	other	kids”.
As	 his	 paediatrician,	 I	 am	 also	 concerned	 about	 Job.	 My	 medical	 knowledge	 and	 my	

clinical	 expertise	 teach	me	 that	T1DM	can	be	managed	 successfully,	 and	 that	even	 sulky	
wrongheaded	 teenagers	 can	 live	a	 fulfilling	 life	despite	 their	disease,	with	normal	 school	
activities,	sports,	and	contact	with	peers.	The	key	success	factor	to	achieve	this	goal	is	that	
the	patient	develops	the	knowledge,	attitude,	and	skills	to	self-manage	the	disease,	such	as	
properly	titrating	each	 insulin	dose	to	their	activities	and	carbohydrate	 intake,	measuring	
blood	glucose,	and	adjusting	basal	and	bolus	insulin	delivery	during	sports,	illness	or	other	
special	situations.	This	requires	ongoing	attention	to	a	variety	of	complex	skills	and	a	proac-
tive	use	of	the	technical	possibilities	of	the	insulin	pump.
Job,	however,	does	not	use	his	 insulin	pump	in	the	best	possible	way.	The	downloaded	

data	from	his	insulin	pump	(figure	1)	show	that	he	frequently	misses	out	on	his	mealtime	
boluses.	A	bolus	is	an	open	bar	on	top	of	the	green	line.	The	green	line	indicates	the	basal	
amount	of	insulin.	He	measures	his	blood	glucose	levels	sometimes	only	twice	a	day.	Black	
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spots	are	blood	glucose	measurements.	Open	spots	 indicate	 that	he	measured	his	blood	
glucose	but	did	not	bolus	to	correct	this	value.	When	he	counted	carbohydrates,	it	is	visible	
in	the	black	line.	His	HbA1c	level	remains	elevated,	78	mmol/mol.	I	am	concerned	that	if	he	
develops	significant	comorbidity,	such	as	thyroid	disease,	which	requires	additional	medi-
cal	management,	his	disease	management	issues	will	become	even	more	complex,	adding	
further	pressure	to	the	already	strained	family	system.

6 
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figure 1: 4	days	of	insulin	pump	download	data.	As	an	example:	on	one	day	of	his	pump	download:	at	break-
fast,	he	didn’t	count	carbohydrates,	and	at	lunch	he	forgot	to	bolus	insulin.	Furthermore,	he	measured	his	
blood	glucose	two	times	(open	circle)	without	correcting	these	high	values	in	combination	with	the	bolus	for	
dinner

Sadly,	 Job’s	 case	 is	 not	 that	 unusual.	 In	 fact,	 poorly	 regulated	 Type	 1	 diabetes	 mellitus	
(T1DM)	is	a	problem	that	the	average	paediatrician	dealing	with	children	and	adolescents	
with	diabetes	encounters	at	least	once	a	week,	if	not	every	day.
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This	raises	a	number	of	questions:	What	are	the	key	determinants	of	successful	adherence	to	
CSII	therapy?	What	bolus	regime	during	CSII	therapy	in	adolescents	has	the	strongest	impact	
on	HbA1c	levels?	Is	such	a	schedule	acceptable	and	feasible	during	this	difficult	period	of	life?
On	top	of	that:	what	are	the	risks	of	developing	comorbidity	and	its	impact	in	children	and	

adolescents	when	they	are	affected	with	more	than	one	disease	or	develop	complications	
which	negatively	influence	their	quality	of	life?

Answering	such	questions	is	not	only	of	importance	at	the	individual	patient	level,	but	also	
in	a	larger	context.	From	the	perspective	of	caregivers,	the	amount	of	care	that	they	are	able	
to	deliver	is	also	dependent	on	the	number	of	children	and	adolescents	with	diabetes	they	
need	to	care	for,	with	possible	changes	in	the	incidence	of	the	disease	over	longer	periods	
of	time,	availability	of	effective	treatment	options	with	varying	treatment	intensity,	and	the	
advisable	interval	for	screening	for	comorbidities	and	complications.

Aims of the scientific work in this thesis
T1DM	is	a	chronic	disease	with	major	impact	not	only	on	the	daily	life	and	its	quality	of	the	
affected	children	and	adolescents,	but	also	on	those	of	their	families,	on	the	medical	com-
munity,	and	on	the	society	as	a	whole.	This	high	impact	of	T1DM	on	the	patient,	the	family	
and	society	calls	for	optimal	understanding	of	both	the	pathogenesis	of	the	disease	and	its	
management	in	daily	clinical	practice.	Understanding	T1DM	pathogenesis	is	needed	to	help	
develop	strategies	to	prevent	it.	Although	such	primary	prevention	is	the	ultimate	goal	 in	
dealing	with	a	serious	and	life-changing	disease	such	as	T1DM,	it	is	unlikely	to	be	achieved	in	
the	near	future.	Therefore,	effective	management	strategies	for	children	with	T1DM	remain	
a	priority.	The	studies	in	this	thesis	were	inspired	by	my	desire,	as	a	paediatrician	working	
with	children	with	T1DM	(such	as	Job,	see	box)	and	their	families,	to
•	 contribute	to	the	knowledge	on	incidence	and	seasonality	of	T1DM	in	the	Netherlands,	

since	such	understanding	of	the	onset	of	T1DM	may	ultimately	help	to	develop	potential	
prevention	strategies	and	will	help	in	planning	and	scheduling	of	health	care	services.

•	 understand	the	relationship	of	T1DM	with	other	autoimmune	diseases	such	as	thyroid	
disease,	for	the	purpose	of	meaningful	screening	for	such	diseases	in	children	with	T1DM;

•	 provide	insight	in	the	overall	health	care	costs	and	the	costs	associated	with	T1DM	in	
children	in	the	Netherlands;

•	 improve	the	understanding	of	adherence	to	insulin	pump	therapy	in	perhaps	the	most	
challenging	age	group,	the	adolescents,	so	that	paediatricians	may	be	able	to	provide	
more	evidence-based	support	these	patients	to	make	informed	and	personalized	choices	
in	the	self-management	of	their	disease

This	chapter	provides	a	general	discussion	of	the	results	of	the	studies	in	this	thesis	and	con-
sider	the	clinical	implications	and	suggestions	for	further	research	for	children	with	T1DM.
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suMMAry of MAiN fiNdiNg of THis THEsis

Chapter 2 The incidence of T1dM is still increasing in the Netherlands, but has 
stabilised in children under five (young dudEs-1)
Against	the	background	of	the	incidence	of	children	with	T1DM	worldwide,	the	study	pre-
sented	 in	Chapter	2	 showed	a	 remarkable	 increase	of	 the	 incidence	of	T1DM	 in	children	
in	the	Netherlands,	 from	11.1	per	100	000	 inhabitants	 in	1978-80	to	21.3	per	100	000	 in	
2010-11.	The	incidence	rate	in	the	group	under	5	years	appeared	to	be	stable.	There	were	
no	significant	differences	in	these	incidence	rates	between	the	sexes.

Chapter 3 diagnosis of T1dM in the Netherlands is more common in autumn and 
winter, except in the youngest children (young dudes -2)
Chapter	3	 reports	 the	 results	of	a	 study	examining	 the	 seasonality	of	T1DM	 incidence	 in	
children	between	2009	and	2011,	based	on	an	analysis	of	monthly	data	from	the	VEKTIS	da-
tabase.	The	results	definitely	show	a	seasonal	pattern	of	T1DM	diagnosis	in	Dutch	children.	
The	annual	incidence	rate	was	significantly	higher	in	autumn	and	winter	than	in	spring	and	
summer.	This	applied	to	both	boys	and	girls,	and	across	different	age	categories,	with	one	
exception:	in	children	aged	0-4	years,	the	incidence	appeared	to	peak	in	the	summer	and	
spring.

Chapter 4 Children with T1dM are 24 times more likely to develop thyroid 
disease than their peers without diabetes (young dudes-3)
Chapter	4	reports	 the	 investigation	of	 the	prevalence	of	overt	 thyroid	disease	 in	children	
in	the	Netherlands	with	and	without	T1DM.	Previous	studies	on	the	relationship	of	T1DM	
with	thyroid	disease	used	only	antithyroid	antibodies	in	blood,	not	the	disease	itself.	In	the	
nationwide	 retrospective	 cohort	 study	presented	 in	Chapter	4,	 the	prevalence	of	 thyroid	
disease	in	Dutch	children	aged	0-14	years,	was	3.43%	in	children	with	T1DM,	compared	to	
0.15	%	in	children	without	T1DM.	Both	hyperthyroidism	and	hypothyroidism	were	24	time	
more	likely	to	be	present	in	children	with	T1DM	compared	to	those	without.	Girls	were	more	
prone	to	having	thyroid	disease	than	boys,	particularly	in	the	case	of	hypothyroidism.

Chapter 5 The costs of treating T1dM in a child with T1dM in the Netherlands 
are on average € 8,326 per child per year, and are higher in hospitals with more 
T1dM patients.
In	chapter	5,	 the	overall	costs	 for	children	aged	0-18	year	with	T1DM	between	2009	and	
2011	are	reported.	Based	on	an	analysis	of	6,710	children	in	81	hospitals,	the	average	health-
care	costs	for	one	child	with	T1DM	were	calculated	at	€	8,326	per	year.	Costs	per	patient	
were	highest	 in	hospitals	with	 the	highest	number	of	T1DM	patients,	probably	 reflecting	
increased	complexity	of	diabetes	management	in	hospitals	caring	for	many	patients.	These	
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costs	are	likely	to	increase	in	the	future	because	of	the	move	towards	more	device-intensive	
multidisciplinary	care	for	these	patients.

Chapter 6 Mealtime insulin bolus adherence is the strongest determinant of 
glycaemic control in adolescents on insulin pump therapy.
In	Chapter	6,	we	assessed	the	effects	on	glycaemic	control	(HbA1c	levels)	of	adherence	to	
self-measurement	of	blood	glucose	(SMBG)	and	mutually	agreed	frequency	of	 insulin	bo-
luses	in	90	adolescents	on	insulin	pump	therapy	over	a	2-month	period.	Glycaemic	control	in	
these	adolescents	on	insulin	pump	therapy	was	strongly	dependent	on	adherence	to	SMBG	
and	 insulin	 boluses,	 particularly	 around	mealtimes.	 For	 each	 additional	mealtime	 bolus/
day,	 the	odds	 ratio	of	achieving	 target	HbA1c	 levels	of	<	58	mmol/mol	was	6.73	 (95%	CI	
2.94-15.38),	after	adjustment	for	gender,	age,	diabetes	duration,	and	affective	responses	to	
SMBG	in	a	multiple	logistic	regression	model.

Chapter 7 optimal insulin pump management decreases with age in adolescents 
with T1dM
In	the	last	chapter	we	evaluated	the	impact	of	illness	perceptions,	emotional	responses	to	
the	disease	and	 its	management,	and	patient	characteristics	 related	 to	 the	adherence	 to	
optimal	CSII	management	 in	90	adolescent	patients	12	 to	18	years	of	age	with	T1DM.	 In	
contrast	 to	 the	results	of	studies	 in	children	with	other	paediatric	chronic	conditions,	we	
did	not	find	significant	associations	of	illness	perceptions	to	adherence	to	medical	therapy.	
Age	was	the	only	factor	associated	with	adherence:	the	older	the	adolescent,	the	poorer	the	
adherence.

Overall,	the	results	in	the	studies	presented	in	Chapters	2-5	of	this	thesis	improve/increase	
our	 knowledge	of	 the	 rising	 incidence	and	 seasonal	 variation	of	 T1DM	 in	 children	 in	 the	
Netherlands,	as	well	as	its	association	with	thyroid	disease.	Data	on	T1DM	incidence	rates,	
its	seasonality	and	its	associated	diseases,	are	important	to	improve	our	understanding	of	
underlying	mechanisms	of	the	disease,	and	on	the	planning	of	health	care	services.

Epidemiology
The	incidence	of	T1DM	in	children	is	still	increasing	in	many	countries	all	over	the	world.	As	
we	showed	in	Chapter	2,	the	incidence	of	T1DM	in	children	increased	steadily	by	an	average	
of	2.1%	per	year	since	1978–1980,	accumulating	to	an	overall	current	T1DM	prevalence	of	
one	child	with	T1DM	in	every	699	children.	Since	we	published	this	study,	other	studies	have	
confirmed	that	the	incidence	of	T1DM	continues	to	increase	in	many	countries,	including	the	
US,	China,	Korea,	Romania,	Iraq,	and	Poland	(1–6).	Other	recent	studies,	however,	showed	a	
stabilization	of	the	incidence	of	T1DM	in	children	under	15	years	of	age	in	Ireland,	Scandina-
via,	Japan	and	Western	Australia	(7–10)	The	reasons	for	these	differences	in	results	remain	
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to	be	elucidated.	Lifestyle	and	socioeconomic	issues	may	be	important,	as	it	appears	that	
the	prevalence	of	T1DM	is	still	increasing	in	developing	nations	while	reports	of	stabilizing	
incidence	come	primarily	from	western	high-income	countries	(11).	Our	data	of	an	ongoing	
increase	 in	 incidence	 in	 a	high	 income	country	 such	as	 the	Netherlands	are	 therefore	of	
particular	interest.	It	also	highlights	the	usefulness	of	ongoing	monitoring	of	the	(changes	
in)	T1DM	incidence	over	time	in	our	country.	For	this	purpose,	a	national	T1DM	registry	is	
of	great	importance.	The	first	steps	to	realize	this	have	been	taken.	In	2017,	stichting	BIDON	
(Basisstructuur	 Innovatief	 Diabetes	 Onderzoek	 Nederland.)	 started	 a	 pilot	 by	 connecting	
the	Electronic	Health	Records	of	20	hospitals	on	DPARD	(Dutch	Pediatric	and	Adult	registry	
of	Diabetes).
Data	generated	from	this	national	T1DM	registry	may	help	future	aetiologic	investigations	

and	effective	health	service	planning.	Because	novel	expensive	techniques	for	diagnosis	and	
management	of	T1DM	are	expected	in	the	nearby	future,	national	registries	of	T1DM	and	its	
associated	health	care	costs	are	important	for	allocation	of	health	care	budgets.

seasonality
As	described	 in	chapter	3,	 there	 is	a	 seasonal	variation	 in	 incidence	 in	onset	of	T1DM	 in	
children	with	a	peak	in	the	winter	months.	As	a	consequence,	the	initial	care	and	education	
for	these	children	and	their	families	is	mainly	concentrated	in	specific	time	periods	of	the	
year.	The	education	and	counselling	of	these	patients	and	their	caregivers	are	very	intensive	
during	the	first	weeks	after	diagnosis.	A	more	detailed	picture	of	 these	peaks	at	national	
level	would	be	useful	in	planning	the	activities	of	the	paediatric	diabetes	team.	For	example,	
we	could	maintain	some	empty	spots	in	the	outpatient	clinic	schedule	during	the	peak	inci-
dence	months	to	allow	inclusion	of	new	patients,	instead	of	the	current	practice	in	which	we	
have	to	arrange	time	urgently	to	see	new	patients	and	organize	self-management	education.
In	large	cohort	studies	with	23,603	patients	across	48	centres	in	32	countries	in	Europe,	

from	1980	to	2015,	seasonal	variation	in	the	incidence	of	T1DM	in	children	was	shown,	with	
the	highest	incidence	in	January	and	the	lowest	in	June.	These	peaks	were	equal	for	boys	and	
girls.	In	children	younger	than	24	months	of	age,	no	seasonal	variation	in	T1DM	incidence	
was	seen	(12).	Does	this	mean	that	other	factors	are	of	importance	to	the	young	child	than	
the	older	children	in	the	onset	of	diabetes?	Or	is	this	a	mere	statistical	phenomenon	because	
of	the	small	number	of	children?
Enterovirus	infections	are	regularly	mentioned	as	a	possible	trigger	of	developing	diabetes	

de novo	(13–16).	The	hypothesis	that	enterovirus	infections	are	involved	in	the	pathogenesis	
of	 T1DM	 in	 children	would	 be	 supported	 if	 vaccination	of	 children	 against	 enteroviruses	
would	reduce	the	number	of	children	newly	diagnosed	with	T1DM.	At	present,	however,	no	
such	vaccination	is	available.
In	some	studies,	a	low	vitamin	D	level	was	found	at	the	time	of	diagnosis	of	T1DM	(17–19).	

One	study	showed	low	vitamin	D	levels	in	newly	diagnosed	children	with	T1DM	with	a	his-
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tory	of	a	recent	enterovirus	infection,	but	normal	vitamin	D	levels	in	children	without	such	
a	 recent	enterovirus	 infection,	 suggesting	a	potential	 role	of	 vitamin	D	 in	 the	 clearing	of	
enteroviruses,	and	thus	in	protection	from	developing	T1DM	(20).	Currently,	most	children	
in	the	Netherlands	routinely	receive	vitamin	D	supplementation	until	the	age	of	three	years.	
Randomized	controlled	trials	will	be	needed	to	examine	the	potential	protective	effects	of	
different	vitamin	D	 supplementation	programs	on	 the	development	of	T1DM.	Should	we	
continue	this	supplementation	to	an	older	age	in	childhood,	especially	as	children	spend	less	
time	playing	outside	than	they	used	to?	Or	should	vitamin	D	be	supplemented	routinely	to	
children	in	the	winter	months	to	reduce	the	risk	of	T1DM?

Big data: using data collected for health insurance purposes to address scientific 
research questions
Health	care	systems	worldwide	generate	huge	amounts	of	data.	Hospital	electronic	health	
records	contain	data	on	patients’	demographics	and	all	sorts	of	data	on	their	disease	and	its	
management	(history,	physical	examination,	laboratory	test	results,	radiographs	and	scans,	
diagnosis,	medication,	etc.).	Government	 institutions	record	demographic	and	population	
statistics.	Health	insurance	companies	often	collect	data	on	the	diagnosis	and	treatment	of	
their	clients	for	reimbursement	purposes.	All	these	data	are	saved	and	stored	on	servers.	
Researchers,	policy	makers	and	other	stakeholders	increasingly	realize	the	enormous	scien-
tific	and	policy	potential	of	all	these	data.	This	is	usually	referred	to	as	big data,	allowing	the	
mining	and	exploring	of	large	databases	for	a	variety	of	purposes.	Although	this	sounds	easy	
and	straightforward,	it	is	not,	as	I	found	out	myself	whilst	performing	the	research	described	
in	this	thesis.
First,	 formulating	 a	 clear	 and	 valid	 research	 question	 is	 needed	 to	 help	 the	 database	

managers	to	select	and	provide	the	relevant	data.	In	my	own	research,	it	proved	difficult	to	
avoid	differences	in	interpretations	with	regards	to	which	data	was	to	be	drawn	from	the	
Vektis	database	between	 the	 research	 team	and	 the	database	managers.	 Privacy	 regula-
tions	did	not	allow	us	to	have	direct	access	to	the	data	ourselves,	so	we	had	to	rely	on	the	
anonymized	data	provided	to	us	by	Vektis.	Analysis	of	the	first	batch	of	data	on	the	incidence	
of	T1DM	showed	an	incidence	rate	which	was	considerably	higher	than	we	had	expected.	
In-depth	scrutiny	of	the	data	revealed	that	Vektis	included	not	only	patients	with	an	initial	
diagnosis-treatment	code	(diagnosebehandelcombinatie,	DBC)	of	T1DM,	but	also	counted	
patients	with	a	follow	up	DBC	of	T1DM	as	independent	new	cases.	The	anonymity	of	the	
delivered	data	 (being	 stripped	of	personal	 identification	 characteristics)	 initially	hindered	
correction	of	this	misinterpretation,	showing	that	background	medical	knowledge	is	impor-
tant	in	obtaining	and	interpreting	the	relevant	research	data	from	big	datasets.	This	was	also	
described	in	a	recent	large	review	about	the	use	of	big	data	(21).	Converting	big	data	into	
meaningful	information	for	clinical,	operational,	epidemiological	and	financial	outcomes	is	
complicated.	Skilled	and	 trained	data	analysts	are	needed	to	allow	effective	use	of	 these	
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data	for	healthcare	research	purposes.	There	is	little	if	any	evidence	that	big	data	in	itself	
improve	the	quality	of	care	or	improve	cost-effectiveness	(21).

Adolescence and problems in adherence to Csii therapy
Adherence	 to	daily	medication	 is	 a	 complex	process	 in	 all	 children	with	 chronic	diseases	
(22).	In	paediatric	patients	with	T1DM,	adherence	to	prescribed	medication	has	been	shown	
to	affect	diabetes	regulation	(23–25).	However,	these	previous	studies	investigated	the	ef-
fects	of	adherence	to	insulin	bolus	and	blood	glucose	monitoring	on	HbA1c	level	only	over	a	
short	period	of	time	(2-4	weeks).	None	of	these	studies	focused	exclusively	on	adolescents,	
an	age	group	in	which	nonadherence	is	particularly	common	(estimated	at	75%	of	all	ado-
lescent	patients	with	a	chronic	 illness)	 (26).	This	 is	why	we	focused	our	study	specifically	
on	medium-term	adherence	 in	adolescents.	We	 found	 that	a	higher	 frequency	of	 insulin	
boluses	and	blood	glucose	measurements	was	associated	with	lower	Hba1c	levels.	Insulin	
boluses	around	the	main	meals	were	particularly	important	in	reducing	HbA1c	levels:	the	
odds	of	achieving	a	target	HbA1c	level	(<	58	mmol/mol)	were	6	times	higher	in	patients	who	
bloused	insulin	around	each	main	meal	than	those	who	did	not	(chapter	6).	Based	on	these	
results,	we	suggest	that	the	focus	of	self-management	education	in	adolescents	with	T1DM	
on	CSII	 should	 be	on	bolusing	 insulin	 around	 the	 three	main	meals,	without	 putting	 too	
much	pressure	on	bolusing	insulin	with	everything	these	adolescent	patients	eat	between	
meals.	Our	research	also	showed	that	age	plays	a	key	role	in	optimal	self-management,	with	
older	adolescents	showing	poorer	adherence	to	optimal	CSII	self-management	(chapter	7).	
Evidently,	our	current	self-management	education	fails	to	sufficiently	prepare	adolescents	
with	T1DM	to	independently	and	effectively	self-manage	their	disease.	This	suggests	that	
the	transfer	of	disease	management	from	parent	to	child	takes	place	before	the	adolescent	
has	developed	sufficient	self-efficacy	to	manage	the	disease	effectively	and	independently.	
From	the	age	of	12,	 the	adolescent	 is	expected	to	gradually	 take	over	the	diabetes	man-
agement	 from	his	 or	 her	 parents.	 It	 seems	 that	 this	 transition	of	 self-management	 from	
parents	to	adolescent	takes	places	too	early	and	too	fast.	We	think	and	recommend	that	
parents	remain	involved	over	a	longer	time	period	(throughout	adolescence),	but	how	this	
can	be	best	achieved	is	as	yet	unclear	and	should	be	a	research	priority	for	future	studies.	
Developing	a	valid	instrument	to	reliably	assess	the	adolescent’s	self-efficacy	to	adequately	
manage	the	disease	could	be	useful	in	establishing	the	moment	at	which	transfer	of	diabetes	
management	can	take	place.

strengths and limitations of the work presented in this thesis

Strengths

In	this	thesis,	we	used	mixed	methods	to	answer	our	research	questions.	In	the	first	4	chap-
ters,	a	national	“big	data”	database	has	been	used,	with	carefully	linked	data,	allowing	us	
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to	use	and	analyse	relevant	up-to-date	data	about	the	incidence,	seasonality	and	costs	of	
T1DM	among	Dutch	children.
In	 the	second	part	of	 this	 thesis,	we	subsequently	narrowed	 the	 focus	on	 to	a	 specific	

age	group	of	T1DM	patients.	We	examined	the	insulin	pump	treatment	of	adolescents	with	
T1DM,	 focusing	on	the	key	problem	recognized	by	health	care	professionals	dealing	with	
adolescents	with	a	chronic	disease:	adherence	to	self-management	of	the	disease.	Our	study	
is	the	first	to	study	adherence	to	CSII	therapy	over	a	period	of	2	months.	Our	results	showed	
that	adherence,	especially	to	mealtime	insulin	bolusing,	is	extremely	important	to	achieve	
better	glycaemic	control	of	the	disease,	but	we	also	showed	that	this	adherence	is	worse	
in	older	adolescents.	Our	results	on	adherence	in	adolescents	with	T1DM	on	CSII	therapy	
supplement	the	previous	literature	in	younger	children	or	mixed	age	groups	showing	that	
frequency	of	boluses	and	blood	glucose	measurements	are	 strongly	 related	 to	glycaemic	
control	of	T1DM.

Limitations

A	possible	disadvantage	of	the	databases	we	used	is	the	possibility	that	children	with	type	2	
diabetes	were	also	included.	We	reduced	this	likelihood	as	much	as	possible	by	limiting	the	
study	population	to	patients	below	14	years	of	age	(when	type	2	diabetes	in	Dutch	children	
is	extremely	rare)	and	by	using	the	condition	that	patients	must	have	insulin	prescriptions	
over	a	time	period	of	at	least	two	years	and	a	DBC	code	of	T1DM.
Studies	 on	 adherence	 to	 insulin	 pump	 therapy	 in	 T1DM	 have	 been	 remarkably	 scant	

to	date.	Most	studies	examined	only	short-term	adherence	(up	to	14	days).	We	aimed	to	
examine	longer	term	(2	months)	adherence.	For	this	purpose,	we	approached	adolescents	
with	T1DM	on	CSII	two	weeks	before	a	regular	scheduled	outpatient	follow-up	appointment	
to	participate	in	the	adherence	studies	presented	in	this	thesis.	It	is	possible	that	this	has	
affected	their	bolus	and	glucose	measurement	frequencies	in	the	last	two	weeks	of	the	data	
(27).	We	tried	to	minimize	the	impact	of	this	by	examining	insulin	pump	data	over	a	period	
of	2	months,	but	we	are	unable	to	assess	to	what	extent	we	have	succeeded	in	this.
Therefore,	our	adherence	studies	provide	insights	into	adherence	behaviour	and	its	deter-

minants	in	adolescents	with	T1DM	on	CSII	therapy.	It	may	be	argued	that	these	effects	are	
site	specific,	as	we	studied	adolescents	from	only	two	diabetes	centres	in	the	Netherlands.	
Although	this	limits	the	generalizability	of	our	findings,	we	argue	that	the	approach	to	insulin	
pump	therapy	and	self-management	education	in	T1DM	is	similar	between	treatment	cen-
tres	within	and	between	countries.

directions for further research
To	 follow	up	 the	developments	 in	 incidence	of	children	with	diabetes,	a	 reliable	national	
or	 international	database	with	standardized	methods	of	diagnosis	and	recording	 this	and	
other	 important	patient	and	disease	related	data	 in	 the	database	 is	of	great	 importance.	
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The	recently	established	BIDON	foundation	(Basisstructuur	Innovatief	Diabetes	Onderzoek	
Nederland,	Basic	Structure	of	Innovative	Diabetes	Research	the	Netherlands)	is	setting	up	
such	a	national	registration,	called	DPARD	(Dutch	Pediatric	and	Adult	Registry	or	Diabetes)	
(28).	DPARD	 is	designed	to	become	a	 registration	of	all	patients	with	diabetes,	with	data	
from	both	 children	 and	adults	 treated	 in	 all	 secondary	 care	 facilities	 in	 the	Netherlands,	
using	data	directly	drawn	 from	regular	patient	 care	 through	electronic	health	 records.	 In	
2017,	the	first	hospitals	were	connected	to	the	system,	and	other	hospitals	are	being	added	
slowly	but	steadily.	For	optimal	facilitation	of	diabetes	research	in	the	Netherlands,	also	with	
regard	to	co-morbidity,	maximum	participation	of	all	secondary	care	facilities	in	this	national	
registry	is	essential.	For	example,	in	our	study.	Unfortunately,	we	were	unable	to	examine	
the	risk	of	coeliac	disease	in	children	with	T1DM	because	the	Vektis	database	did	not	contain	
the	results	of	pathology	investigations	of	gastrointestinal	mucosal	biopsies.	Hopefully	with	
improved	databases,	we	will	be	able	to	investigate	this,	at	least	in	children.	At	this	moment	
it	is	unknown	how	many	Dutch	children	have	both	T1DM	and	coeliac	disease.	Screening	for	
coeliac	disease	is	import	for	monitoring	growth,	nutrition	and	adherence	to	the	gluten-free	
diet	in	this	population	(29).	This	is	relevant,	as	current	knowledge	of	the	association	of	T1DM	
and	coeliac	disease	relies	largely	on	serology	and	not	an	clinical	features.

Although	our	results	strongly	suggest	that	insulin	boluses	around	the	main	meals	in	puberty	
are	the	most	important	determinant	of	optimal	metabolic	control	of	T1DM	in	this	age	pe-
riod,	further	studies	from	other	centres	are	needed	to	corroborate	our	findings.	Even	with	
the	latest	generation	of	insulin	pumps,	in	which	the	basal	insulin	dose	is	automatically	being	
adjusted	depending	on	glucose	concentrations	registered,	bolusing	insulin	around	the	meals	
continues	to	be	an	active	act,	controlled	by	the	patient	or	caregiver.	Consequently,	mealtime	
insulin	bolusing	behaviour	of	adolescents	with	T1DM	remains	a	relevant	topic	of	research	
in	the	future.
Self-management	of	T1DM	in	adolescence	remains	complicated,	 its	critical	success	 fac-

tors	incompletely	understood.	Cognitive	skills	such	as	executive	function	(EF)	are	necessary	
for	successful	self-management.	Poorer	EF	is	associated	with	worse	glycaemic	control	over	
time.	Therefore,	when	an	adolescent	takes	over	the	responsibility	for	diabetes	management,	
adequate	EF	is	of	key	importance	(29).	More	studies	are	needed	to	investigate	optimal	and	
effective	self-management	of	adolescents	with	T1DM.	Our	results	suggest	that	transfer	of	
self-management	 responsibility	 early	 in	adolescence,	when	 self-efficacy	and	proper	EF	 in	
T1DM	self-management	have	not	been	sufficiently	established,	 is	associated	with	poorer	
adherence	and	poorer	control	of	the	disease	during	later	adolescence,	 increasing	the	risk	
of	long-term	complications.	How	the	development	and	maintenance	of	self-efficacy	in	ad-
equately	managing	CSII	therapy	in	adolescents	can	be	supported	and	enhanced	is	a	crucial	
field	of	research	that	requires	as	much	attention	as	studies	on	technical	 improvements	in	
insulin	pumps	and	glucose	measurements.	The	development	of	a	valid	and	applicable	instru-
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ment	providing	an	accurate	estimation	of	the	developmental	stages	in	self-efficacy	and	EF	
can	 enable	parents	 and	health	 care	professionals	 to	 assess	when	 the	 child	 is	 sufficiently	
capable	of	managing	his/her	diabetes	adequately,	allowing	their	parents	to	gradually	trans-
fer	the	responsibility	for	managing	the	disease.

Clinical implications

The	 results	 of	 this	 thesis	 confirm	 clearly	 that	 T1DM	 among	 children	 continues	 to	 be	 an	
increasing	 problem.	 Accurate	 and	 timely	 recognition	 of	 the	 disease	 in	 its	 earliest	 stages	
remains	important	to	start	optimal	treatment	and	self-management	education	as	soon	as	
possible.	Early	and	ongoing	adequate	treatment	is	the	key	to	optimal	metabolic	control	of	
the	disease	and	in	reducing	the	risk	of	long-term	complications.

Given	the	peak	incidence	in	autumn	and	winter,	as	shown	in	this	study,	there	will	be	extra	
pressure	on	the	diabetes	 team	during	that	time	of	 the	year.	 In	order	 to	organize	optimal	
supervision	and	treatment	for	every	individual	child	and	its	family,	maintaining	empty	spots	
in	the	outpatient	appointment	schedule	and	perhaps	even	limiting	the	liberty	of	members	of	
the	diabetes	team	to	take	holidays	during	this	period	may	help	to	ensure	the	availability	of	
sufficient	healthcare	professional	manpower.	Organizations	providing	postgraduate	courses	
and	conferences	on	diabetes	management	in	children	should	take	the	responsibility	not	to	
organize	major	educational	and	scientific	events	during	the	peak	incidence	months.

Our	results	also	stress	the	need	for	ongoing	screening	for	thyroid	dysfunction	in	children	with	
T1DM,	by	showing	that	children	with	T1DM	are	24	times	more	likely	to	develop	a	thyroid	
disease	than	non-diabetic	children.	Assessment	of	thyroid	stimulating	hormone	(TSH)	and	
antithyroid	peroxidase	antibodies,	as	a	screening	tool	for	thyroid	disease,	is	recommended	
at	the	diagnosis	of	diabetes	and	every	other	year	thereafter	following	the	ISPAD	Guidelines	
(30).	 In	our	hospital	we	only	measure	 the	TSH	value,	 if	 the	 result	 is	 abnormal	additional	
measurements	of	 i.e.	antithyroid	peroxidase	antibodies	 is	being	carried	out.	Earlier	wider	
assessment	may	be	indicated	in	the	presence	of	clinical	symptoms	(30).

Our	results	highlight	the	importance	of	insulin	bolusing	around	the	main	meals.	The	clinical	
consequence	of	this	finding	is	that	paediatric	and	adolescent	diabetic	teams	can	focus	the	
adolescent’s	attention	on	measuring	blood	glucose	levels	and	bolusing	insulin	around	the	
main	meals.	The	benefit	of	this	approach	is	that	it	offers	the	diabetic	team	the	possibility	to	
use	additional	blood	glucose	measurements	and	insulin	boluses	around	snacks	as	“change”	
to	negotiate	with	the	adolescent	patient,	because	such	additional	efforts	are	less	important	
to	metabolic	control	of	the	disease.
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Finally,	 our	 results	 strongly	 suggest	 that	 parents	 and	 caregivers	 should	 remain	 active	 in	
taking	or	sharing	responsibility	of	T1DM	diabetes	management	for	a	longer	period	of	time	
during	their	child’s	adolescence	than	currently	appears	to	be	the	case.	Transferring	respon-
sibility	of	T1DM	management	to	the	adolescent	patient	at	too	early	an	age	during	puberty	
will	increase	the	likelihood	of	poorer	adherence	and	poorer	metabolic	control	during	later	
age	in	adolescence.	As	mature	and	independent	the	contemporary	13-year	old	may	seem	
to	 his	 or	 her	 parents,	 they	 continue	 to	 require	 extra	 help	 and	 support	 to	 optimize	 their	
self-management	of	the	disease	throughout	adolescence.



Chapter	8

118

rEfErENCEs

 1.  Wu	HB,	Zhong	JM,	Hu	RY,	Wang	H,	Gong	WW,	Pan	J,	et	al.	Rapidly	rising	incidence	of	Type	1	diabetes	
in	children	and	adolescents	aged	0-19	years	in	Zhejiang,	China,	2007	to	2013.	Diabet	Med	J	Br	Diabet	
Assoc.	2016;	33(10):	1339–46.

 2.  Rogers	MAM,	Kim	C,	Banerjee	T,	Lee	JM.	Fluctuations	in	the	incidence	of	type	1	diabetes	in	the	United	
States	from	2001	to	2015:	a	longitudinal	study.	BMC	Med.	2017	08;	15(1):	199.

 3.  Kim	 JH,	 Lee	CG,	Lee	YA,	Yang	SW,	Shin	CH.	 Increasing	 incidence	of	 type	1	diabetes	among	Korean	
children	and	adolescents:	analysis	of	data	from	a	nationwide	registry	in	Korea.	Pediatr	Diabetes.	2016	
Nov;	17(7):	519–24.

 4.  Serban	V,	Brink	S,	Timar	B,	Sima	A,	Vlad	M,	Timar	R,	et	al.	An	increasing	incidence	of	type	1	diabe-
tes	mellitus	in	Romanian	children	aged	0	to	17	years.	J	Pediatr	Endocrinol	Metab	JPEM.	2015	Mar;	
28(3–4):	293–8.

 5.  Almahfoodh	D,	Alabbood	M,	Alali	A,	Mansour	A.	Epidemiology	of	type	1	diabetes	mellitus	in	Basrah,	
Southern	Iraq:	A	retrospective	study.	Diabetes	Res	Clin	Pract.	2017	Nov;	133:	104–8.

 6.  Chobot	A,	Polanska	J,	Brandt	A,	Deja	G,	Glowinska-Olszewska	B,	Pilecki	O,	et	al.	Updated	24-year	trend	
of	Type	1	diabetes	incidence	in	children	in	Poland	reveals	a	sinusoidal	pattern	and	sustained	increase.	
Diabet	Med	J	Br	Diabet	Assoc.	2017;	34(9):	1252–8.

 7.  Roche	 EF,	McKenna	AM,	Ryder	 KJ,	 Brennan	AA,	O’Regan	M,	Hoey	HM.	 Is	 the	 incidence	of	 type	 1	
diabetes	in	children	and	adolescents	stabilising?	The	first	6	years	of	a	National	Register.	Eur	J	Pediatr.	
2016	Dec;	175(12):	1913–9.

 8.  Haynes	A,	Bulsara	MK,	Bower	C,	 Jones	TW,	Davis	EA.	Regular	peaks	and	 troughs	 in	 the	Australian	
incidence	of	childhood	type	1	diabetes	mellitus	(2000-2011).	Diabetologia.	2015	Nov;	58(11):	2513–6.

 9.  Berhan	Y,	Waernbaum	I,	Lind	T,	Möllsten	A,	Dahlquist	G,	Swedish	Childhood	Diabetes	Study	Group.	
Thirty	 years	 of	 prospective	 nationwide	 incidence	 of	 childhood	 type	 1	 diabetes:	 the	 accelerating	
increase	by	time	tends	to	level	off	in	Sweden.	Diabetes.	2011	Feb;	60(2):	577–81.

 10.  Onda	 Y,	 Sugihara	 S,	 Ogata	 T,	 Yokoya	 S,	 Yokoyama	 T,	 Tajima	 N,	 et	 al.	 Incidence	 and	 prevalence	 of	
childhood-onset	Type	1	diabetes	in	Japan:	the	T1D	study.	Diabet	Med	J	Br	Diabet	Assoc.	2017;	34(7):	
909–15.

 11.  Tuomilehto	 J.	 The	 emerging	 global	 epidemic	 of	 type	 1	 diabetes.	 Curr	 Diab	 Rep.	 2013	 Dec;	13(6):	
795–804.

 12.  Gerasimidi	Vazeou	A,	Kordonouri	O,	Witsch	M,	Hermann	JM,	Forsander	G,	de	Beaufort	C,	et	al.	Sea-
sonality	at	the	clinical	onset	of	type	1	diabetes-Lessons	from	the	SWEET	database.	Pediatr	Diabetes.	
2016;	17	Suppl	23:	32–7.

 13.  Honkanen	H,	Oikarinen	S,	Nurminen	N,	Laitinen	OH,	Huhtala	H,	Lehtonen	J,	et	al.	Detection	of	en-
teroviruses	 in	 stools	precedes	 islet	 autoimmunity	by	 several	months:	possible	evidence	 for	 slowly	
operating	mechanisms	in	virus-induced	autoimmunity.	Diabetologia.	2017;	60(3):	424–31.

 14.  Krogvold	L,	Edwin	B,	Buanes	T,	Frisk	G,	Skog	O,	Anagandula	M,	et	al.	Detection	of	a	 low-grade	en-
teroviral	infection	in	the	islets	of	langerhans	of	living	patients	newly	diagnosed	with	type	1	diabetes.	
Diabetes.	2015	May;	64(5):	1682–7.

 15.  Yeung	W-CG,	Rawlinson	WD,	Craig	ME.	Enterovirus	infection	and	type	1	diabetes	mellitus:	systematic	
review	and	meta-analysis	of	observational	molecular	studies.	BMJ.	2011	Feb	3;	342:	d35.

 16.  Lietzen	N,	An	LTT,	Jaakkola	MK,	Kallionpää	H,	Oikarinen	S,	Mykkänen	J,	et	al.	Enterovirus-associated	
changes	 in	blood	 transcriptomic	profiles	of	 children	with	genetic	susceptibility	 to	 type	1	diabetes.	
Diabetologia.	2018;	61(2):	381–8.



119

General	discussion

 17.  Franchi	B,	Piazza	M,	Sandri	M,	Mazzei	F,	Maffeis	C,	Boner	AL.	Vitamin	D	at	the	onset	of	type	1	diabetes	
in	Italian	children.	Eur	J	Pediatr.	2014	Apr;	173(4):	477–82.

 18.  Al-Zubeidi	H,	Leon-Chi	L,	Newfield	RS.	Low	vitamin	D	level	in	pediatric	patients	with	new	onset	type	1	
diabetes	is	common,	especially	if	in	ketoacidosis.	Pediatr	Diabetes.	2016;	17(8):	592–8.

 19.  Liu	C,	Wang	J,	Wan	Y,	Xia	X,	Pan	J,	Gu	W,	et	al.	Serum	vitamin	D	deficiency	in	children	and	adolescents	
is	associated	with	type	1	diabetes	mellitus.	Endocr	Connect.	2018	Oct	1;

 20.  Federico	G,	Genoni	A,	Puggioni	A,	Saba	A,	Gallo	D,	Randazzo	E,	et	al.	Vitamin	D	status,	enterovirus	in-
fection,	and	type	1	diabetes	in	Italian	children/adolescents.	Pediatr	Diabetes.	2018	Aug;	19(5):	923–9.

 21.  Mehta	N,	Pandit	A.	Concurrence	of	big	data	analytics	and	healthcare:	A	systematic	review.	Int	J	Med	
Inf.	2018	Jun;	114:	57–65.

 22.  Santer	M,	Ring	N,	Yardley	L,	Geraghty	AWA,	Wyke	S.	Treatment	non-adherence	in	pediatric	long-term	
medical	conditions:	systematic	review	and	synthesis	of	qualitative	studies	of	caregivers’	views.	BMC	
Pediatr.	2014	Mar	4;	14:	63.

 23.  Patton	SR,	Clements	MA,	Fridlington	A,	Cohoon	C,	Turpin	AL,	Delurgio	SA.	Frequency	of	mealtime	
insulin	bolus	as	a	proxy	measure	of	adherence	for	children	and	youths	with	type	1	diabetes	mellitus.	
Diabetes	Technol	Ther.	2013	Feb;	15(2):	124–8.

 24.  Clements	MA,	DeLurgio	SA,	Williams	DD,	Habib	S,	Halpin	K,	Patton	SR.	Association	of	HbA1c	to	BOLUS	
Scores	Among	Youths	with	Type	1	Diabetes.	Diabetes	Technol	Ther.	2016	Jun;	18(6):	351–9.

 25.  Patton	SR,	DeLurgio	SA,	Fridlington	A,	Cohoon	C,	Turpin	AL,	Clements	MA.	Frequency	of	mealtime	
insulin	bolus	predicts	glycated	hemoglobin	 in	youths	with	 type	1	diabetes.	Diabetes	Technol	Ther.	
2014	Aug;	16(8):	519–23.

 26.  M.A.	Rapoff,	Adherence	to	Pediatric	Medical	Regimens,	Springer	Science	&	Business	Media,	2009.
 27.  Driscoll	KA,	Wang	Y,	Johnson	SB,	Gill	E,	Wright	N,	Deeb	LC.	White	Coat	Adherence	Occurs	in	Adoles-

cents	With	Type	1	Diabetes	Receiving	Intervention	to	Improve	Insulin	Pump	Adherence	Behaviors.	J	
Diabetes	Sci	Technol.	2016	Oct	9;	11(3):	455–60.

 28.  www.stichtingbidon.nl/kwaliteitsregistratie-dpard.
 29.  Vloemans	AF,	Eilander	MMA,	Rotteveel	J,	Bakker-van	Waarde	WM,	Houdijk	ECAM,	Nuboer	R,	et	al.	

Youth	With	Type	1	Diabetes	Taking	Responsibility	for	Self-Management:	The	Importance	of	Executive	
Functioning	in	Achieving	Glycemic	Control:	Results	From	the	Longitudinal	DINO	Study.	Diabetes	Care.	
2018	Dec	14;

 30.  Mahmud	FH,	Elbarbary	NS,	Fröhlich-Reiterer	E,	Holl	RW,	Kordonouri	O,	Knip	M,	et	al.	ISPAD	Clinical	
Practice	Consensus	Guidelines	2018:	Other	complications	and	associated	conditions	in	children	and	
adolescents	with	type	1	diabetes.	Pediatr	Diabetes.	2018	Oct;	19	Suppl	27:	275–86.




	Chapter 8



