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AbStrAct

Poor	 self-management	 contributes	 to	 insufficient	 glycaemic	 control	 in	 adolescents	 with	
type	1	diabetes	(T1DM).	We	assessed	the	effects	on	glycaemic	control	of	adherence	to	self-
measurement	of	blood	glucose	(SMBG)	and	insulin	boluses	in	90	adolescents	with	T1DM	on	
insulin	pump	therapy	over	a	2-month	period.	We	compared	the	number	of	insulin	boluses	
and	SMBGs	around	main	meals	 to	 the	 “gold	 standard”	of	optimal	diabetes	management	
(SMBGs	and	a	bolus	before	each	main	meal	and	SMBG	before	bedtime).	The	mean	(95%	
CI)	HbA1c	levels	were	2.9(1.7	to	4.0)	mmol/mol	lower	for	every	additional	insulin	bolus	and	
3.1(1.6	to	4.5)	mmol/mol	lower	for	every	additional	SMBG.	Patients	performing	SMBG	and	
bolusing	around	each	main	meal	had	considerably	lower	HbA1c	levels	than	those	unable	to	
do	(95%	CI	for	difference	3.5	to	13.4	mmol/mol	and	6.6	to	16.5	mmol/mol	respectively).	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.

Conclusion: Glycaemic	control	in	adolescents	with	T1DM	on	insulin	pump	therapy	is	strongly	
dependent	on	adherence	to	insulin	boluses	around	mealtimes.
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iNTroduCTioN

In	adolescents	with	type	1	diabetes	mellitus	(T1DM),	the	development	and	progression	of	
microvascular	complications	can	be	delayed	by	intensive	management	[1,	17].	Unfortunately,	
most	children	and	adolescents	with	T1DM	do	not	reach	their	hemoglobin	A1c	(HbA1c)	tar-
gets,	especially	adolescent	girls	with	longstanding	disease	[1,2,17].	An	important	factor	con-
tributing	to	insufficient	glycaemic	control	during	adolescence	is	poor	self-management	[23].	
As	with	any	chronic	disease,	poor	adherence	to	medical	treatment	in	T1DM	is	particularly	
common	in	adolescents	[8],	for	a	number	of	reasons.	Firstly,	the	responsibility	for	diabetes	
management	is	usually	transferred	from	the	parents	to	the	child	during	this	age	period	[9].	
Many	teenagers,	however,	have	insufficient	coping	and	problem-solving	skills	to	adequately	
self-manage	 their	 diabetes	 [7,28].	 This	 is	 the	main	 reason	why	nonadherence	 is	 so	 com-
mon	in	adolescence	[25].	Joint	decision	making	between	adolescents	and	their	parents	 is	
associated	with	 better	 youth-reported	adherence	 to	 insulin	 therapy	 [14].	 Secondly,	 poor	
self-management	may	be	aggravated	by	anxiety	and	depression,	which	have	been	described	
in	approximately	one	third	of	teenagers	with	T1DM	[3,13,16,29].	Finally,	hormonal	changes	
during	puberty	temporarily	increase	insulin	resistance	[12,27].
The	few	available	studies	that	examined	the	relationship	between	CSII	and	HbA1c	showed	

that	 bolus	 frequency	 of	 insulin	 administration	was	more	 strongly	 associated	with	HbA1c	
than	 the	 frequency	 of	 self-monitoring	 of	 blood	 glucose	 (SMBG)	 [5,19,20].	 In	 particular,	
missing	one	or	more	mealtime	boluses	was	associated	with	higher	HbA1c	levels	[4].	These	
studies,	however,	included	both	children	and	adolescents,	and	were	of	relatively	short	dura-
tion	(three	were	up	to	14	days,	one	included	4	weeks	of	data).	Studies	specifically	looking	
at	the	effects	of	adherence	to	CSII	in	adolescents	with	T1DM	on	their	long-term	glycaemic	
control	are	therefore	lacking.
We	 assessed	 the	 relationship	 of	adherence	 to	 both	mealtime	 blood	 glucose	measure-

ments	and	 insulin	boluses	 to	glycaemic	 control	 in	adolescents	with	T1DM	on	CSII	over	a	
2-month	period.	This	study	tested	the	hypothesis	that	a	lower	insulin	bolus	frequency	and	
fewer	blood	glucose	measurements	in	adolescents	with	T1DM	on	insulin	pump	therapy	are	
related	to	poorer	glycaemic	control.

MATEriAls ANd METHods

study population
Patients	were	recruited	from	May	to	December	2013	(Isala	hospital,	Zwolle,	the	Netherlands)	
and	from	May	2015	to	September	2016	(Isala	hospital	and	Deventer	hospital,	Deventer,	the	
Netherlands).	Patients	were	eligible	 for	 inclusion	 if	 they	were	12	 to	18	years	of	age,	had	
T1DM	(defined	as	all	of	the	following:	C-peptide	level	<0.05	nmol/L;	blood	glucose	level	on	
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presentation	>	7	mmol/L,	islet	cell	auto-antibodies	positive;	no	evidence	of	either	maturity-
onset	diabetes	of	the	young	or	type	2	diabetes	mellitus)	for	at	least	one	year,	and	had	been	
using	CSII	for	at	least	3	months.
The	exclusion	criteria	were	mental	retardation,	insufficient	control	of	the	Dutch	language	

to	understand	the	requirements	of	the	study,	and	any	other	serious	condition	that	was	likely	
to	interfere	with	the	end	points	of	the	study.

study procedures and data collection
Two	weeks	before	a	scheduled	follow-up	visit,	eligible	patients	and	their	caregivers	received	
written	information	about	the	study.	One	week	later,	they	were	contacted	by	telephone	and	
asked	if	they	agreed	to	participate	in	the	study.	Patients	were	deliberately	approached	for	
participation	shortly	before	a	scheduled	follow-up	visit	to	avoid	changes	in	their	behavior	
regarding	their	bolus	and	SMBG	frequencies.
Data	on	SMBG,	insulin	boluses,	and	the	time	of	each	of	these,	were	downloaded	from	the	

insulin	pump	and	blood	glucose	meter,	covering	a	period	of	two	months	prior	to	the	clinic	
visit.
From	these	data,	the	number	of	administered	insulin	boluses	and	SMBGs	per	day	were	

calculated,	and	compared	to	the	“gold	standard”	of	optimal	diabetes	management,	which	
we	defined	as	at	least	4	SMBGs	daily	(before	each	meal	and	before	bedtime)	and	a	bolus	
before	each	of	the	three	main	meals.	Lack	of	a	breakfast	bolus	was	defined	as	absence	of	a	
bolus	between	05:00	and	10:30	on	weekdays	and	between	05:00	and	12:00	during	weekend	
or	holidays;	for	 lunch	between	12:00	and	15:00	and	for	dinner	between	17:00	and	20:00	
(nearly	like	other	studies)	[5,20].
HbA1c	levels	were	assessed	following	the	worldwide	standardization	method	(	IFCC)	and	

expressed	as	mmol/mol	(HbA1%	=	(0.0915	x	HbA1mmol/mol)	+	2.15%)	[10].	The	target	level	
of	HbA1c	(optimal	diabetes	control)	we	used	was	≥	58	mmol/mol	(7.5%).

Affective responses to sMBg
All	participants	were	asked	to	complete	two	questionnaires	to	assess	their	affective	respons-
es	to	SMBG.	In	the	validated	Fear	of	Self-Testing	Questionnaire,	a	total	score	≥6	indicates	
needle	 fear	 [15,26].	 A	 higher	 score	 on	 the	 9	 items	 from	 the	 youth	 part	 of	 the	 validated	
Blood	Glucose	Monitoring	Communication	Questionnaire	reflects	the	experience	of	a	more	
negative	affect	[11].

statistical analysis
The	 relationship	 between	 adherence	 to	 SMBG	 and	 insulin	 bolus	 recommendations	 and	
HbA1c	 levels	was	assessed	both	 in	univariate	analyses	and	 in	multiple	 linear	and	 logistic	
regression	models,	adjusted	for	age,	gender,	diabetes	duration,	and	affective	responses	to	
SMBG.
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The	aim	was	to	include	80	patients	in	the	study,	allowing	us	to	estimate	the	average	bolus	
frequency	with	 an	 accuracy	 of	 ±0.5	 (95%	 confidence	 interval	 (CI)),	 assuming	 a	 standard	
deviation	 of	 2.2,	 and	 average	 SMBG	 frequencies	with	 an	 accuracy	 of	 ±0.37,	 assuming	 a	
standard	deviation	of	1.7.	Multiple	 (five	sets)	 imputations	were	used	 for	missing	data	on	
independent	 variables,	 assuming	 missingness	 completely	 at	 random.	 Statistical	 analyses	
were	carried	out	using	SPSS	 (IBM	SPSS	Statistics	 for	Windows,	Version	23.0.	Armonk,	NY:	
IBM	Corp.)	and	OpenEpi,	version	3.01.

rEsulTs

Overall,	 138	 potentially	 eligible	 adolescents	with	 T1DM	were	 asked	 to	 participate	 in	 the	
study,	90	of	whom	(65%)	consented	to	participation.	There	were	no	statistically	significant	
differences	in	age,	sex,	duration	of	diabetes	and	the	presence	of	complications	or	comorbid-
ity	(celiac	disease,	thyroid	disease,	microalbuminuria,	retinopathy)	between	the	participat-
ing	patients	and	patients	who	declined	participation	(Table	1).	Included	patients	had	lower	
HbA1c	values	(mean	65.3,	SD	12.7	mmol/mol)	than	non-included	children	(mean	71.1,	SD	
14.2	mmol/mol,	 95%	CI	 for	 difference	 0.5	 to	 11.1	mmol/mol,	 p=0.03).	 Insulin	 bolus	 and	
SMBG	frequencies	and	results	of	questionnaires	assessing	affective	responses	to	SMBG	are	
also	presented	in	Table	1.

Table 1. Patient	characteristics	of	participating	patients	and	those	who	declined	participation
Participants

(n=90)
Non-participants

(n=48) p value

male	gender 45	(50%) 21	(63%) 0.18*

age	(years) 14.4	(SD	1.8) 14.2	(SD	1.7) 0.58#

diabetes	duration	(years) 6.5	(SD	3.7) 7.1	(SD	3.4) 0.42#

HbA1c	(mmol/mol) 65.3	(SD	12.7) 71.1	(SD	14.2) 0.03#

celiac	disease 7	(7.8%) 1	(3.0%) 0.34*

thyroid	disease 9	(10%) 1	(3.0%) 0.21*

microalbuminuria 1	(1.1%) 0 1.00*

retinopathy 0 0 -

Insulin	bolus	frequency	(mean	(SD)	number	per	day) 6.3	(2.1) -

SMBG	frequency	(mean	(SD)	number	per	day) 4.7	(1.7) -

BGMC	score	(median,	interquartile	range) 11	(9	–	12.75) -

FST	questionnaire	score		(median,	interquartile	range) 0.00	(0.00-2.00) -

Bolus	wizard	use,	number	(%) 64	(69%)	 -

*:	chi	squared	test;	#:	Student’s	t	test
SMBG	frequency	score:	self-monitored	blood	glucose	score.
BGMC	score:	blood	glucose	communication	score
FST	questionnaire:	fear	of	self-testing	questionnaire.
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In	13	cases,	data	on	bolus	and	SMBG	frequency	were	available	for	less	than	30	days	due	to	
technical	problems	in	downloading	the	data	from	the	device.	Post	hoc	analyses	comparing	
children	with	available	data	for	>	or	<	30	days	showed	no	statistically	significant	differences	
in	any	of	the	study	outcomes	(data	not	shown).
The	mean	proportion	of	 insulin	given	 in	boluses	at	mealtime	to	total	daily	 insulin	dose	

was	63%	 (SD	13)	 (i.e.,	an	average	child	would	use	63%	of	his/her	 total	daily	 insulin	dose	
as	boluses	and	37%	as	basal	continuous	 insulin).	On	average,	children	bolused	at	85%	of	
breakfasts,	84%	of	lunchtime	meals,	and	89%	of	evening	meals.

In	univariate	analyses,	each	additional	 insulin	bolus	per	day	was	associated	with	a	mean	
HbA1c	decrease	of	2.9	(95%	CI	1.7	to	4.0)	mmol/mol.	Each	additional	blood	glucose	mea-
surement	per	day	was	associated	with	a	mean	HbA1c	reduction	of	3.1	(95%	CI	1.6	to	4.5)	
mmol/mol.	These	results	remained	comparable	after	adjustment	for	age,	gender,	diabetes	
duration,	and	affective	 responses	 to	SMBG	 in	a	multiple	 linear	 regression	analysis	 (mean	
(95%	CI)	HbA1c	decrease	2.5	(1.2	to	3.7)	mmol/mol	and	2.4	(0.8	to	3.9)	mmol/mol	for	each	
additional	insulin	bolus	and	SMBG	per	day,	respectively).	Children	who	administered	insulin	
boluses	at	>90%	of	meals	had	significantly	lower	HbA1c	levels	than	children	who	adminis-
tered	such	boluses	less	frequently	(figure	1).

5 
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figure 1. HbA1c	 levels	 in	children	who	administered	 insulin	boluses	at	>	or	<	90%	of	breakfast,	 lunch	and	
dinner	(evening)	meals.	Bars	represent	means.	P	values	represent	comparisons	of	means	(Student’s	t	test)

In	a	linear	regression	model,	the	59	patients	(65.6%)	who	bolused	around	every	main	meal	
according	to	the	gold	standard	had	considerably	 lower	HbA1c	 levels	than	the	31	patients	
(34.4%)	who	were	unable	 to	 do	 so	 (estimated	mean	difference	 11.6,	 95%	CI	 6.6	 to	 16.5	
mmol/mol).	This	association	remained	unchanged	after	adjustment	for	age,	sex,	diabetes	
duration,	and	affective	responses	to	SMBG	in	a	multiple	regression	model.	This	beneficial	
effect	of	mealtime	bolusing	was	strongest	for	the	evening	meal	insulin	bolus:	administration	
of	an	insulin	bolus	at	every	evening	meal	was	associated	with	an	estimated	mean	(95%	CI)	
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HbA1c	decrease	of	43.2	(21.6	to	64.7)	mmol/mol	compared	to	children	who	did	not	perform	
evening	mealtime	bolusing..
The	42	patients	(47%)	who	recorded	a	glucose	measurement	before	every	mealtime	had	

significantly	lower	HbA1c	values	(mean	difference	8.5,	95%	CI	3.5	to	13.4	mmol/mol)	than	
those	who	failed	to	do	so.	A	similar	effect	was	found	 in	patients	who	recorded	an	SMBG	
before	sleep	compared	to	those	who	did	not	(mean	difference	in	HbA1c	8.8,	95%	CI	3.7	to	
13.9	mmol/mol).
The	 18	 patients	 (20%)	 who	 achieved	 target	 HbA1c	 levels	 ≥	 58	 mmol/mol	 more	 com-

monly	bolused	insulin	at	mealtimes	(mean	2.7,	SD	0.3)	than	patients	with	HbA1c	levels	>	58	
mmol/mol	(mean	2.5,	SD	0.5	boluses/day,	95%	CI	for	difference	0.13	to	0.33).	In	a	multiple	
logistic	regression	analysis,	achieving	HbA1c	target	levels	was	significantly	associated	with	
older	age,	shorter	diabetes	duration,	stronger	affective	response	to	SMBG	and	insulin	bolus	
frequency	(Table	2).	Insulin	bolus	frequency	showed	the	strongest	association	to	achieving	
target	HbA1c	levels.	For	each	additional	mealtime	bolus/day,	the	odds	ratio	of	achieving	an	
HbA1c	level	≥	58	mmol/mol	was	6.73	(95%	CI	2.9	to	15.4,	p<	0.001),	adjusted	for	gender,	age,	
diabetes	duration,	SMBG	frequency,	and	affective	responses	to	SMBG	(Table	2).

Table 2. Results	of	multiple	logistic	regression	analysis	comparing	the	18	patients	who	achieved	target	HbA1c	
levels	<	58	mmol/mol	(20%)	to	the	72	who	did	not	(80%)

Adjusted odds ratio 95% Ci p-value

Male	gender 1.09 0.68	to	1.76 0.72

Age	(years) 1.42 1.23	to	1.63 <0.001

diabetes	duration	(years) 0.92 0.85	to	0.98 0.01

BGMC	score 0.94 0.85	to	1.04 0.23

FST	questionnaire	score 0.76 0.61	to	0.95 0.02

bolus	frequency 6.73 2.94	to	15.38 <0.001

SMBG	frequency 0.88 0.55	to	1.39 0.58

disCussioN

This	study	shows	a	strong,	clinically	relevant	and	statistically	highly	significant	association	of	
glycaemic	control	to	daily	insulin	bolus	frequency	and	daily	number	of	SMBG	in	adolescents	
on	CSII.	For	each	additional	mealtime	bolus/day,	patients	were	almost	on	average	7	times	
more	likely	to	achieve	target	HbA1c	values.	The	bolus	being	most	inversely	related	to	HbA1c	
was	around	dinner.
This	study	confirms	and	extends	findings	from	the	few	previous	studies	on	the	relationship	

of	bolus	and	SMBG	adherence	 to	glycaemic	control	 in	youth	with	T1DM	on	CSII	 therapy.	
Two	 earlier	 studies	 examined	 only	 the	 relation	 of	 SMBG	 frequency	 to	 HbA1c	 level	 and	
reported	lower	HbA1c	levels	with	increasing	SMBG	measurements,	although	the	effect	size	
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differed	 considerably	 (0.20-1.26%,	 corresponding	 to	2-14	mmol/mol)	 [22,30].	Only	 a	 few	
earlier	reports	examined	the	relation	between	insulin	bolus	frequency	and	HbA1	c	in	youth	
[4,5,19,20].	 In	these	studies,	mealtime	bolus	was	a	stronger	determinant	of	HbA1c	 levels	
than	total	bolus	frequency.	Missing	more	than	4	breakfast	boluses	over	a	period	of	14	days	
was	associated	with	an	11	mmol/mol	higher	HbA1c	level	[18].
These	studies	differed	from	our	study	in	a	number	of	ways.	Firstly,	both	the	mean	daily	

SMBG	and	bolus	frequencies	in	our	study	were	higher	than	those	in	previous	studies,	with	
mean	differences	of	1.0	SMBG	measurement	and	1.7	boluses	per	day,	respectively	[5,18].	
Secondly,	we	specifically	included	adolescents	aged	12-18	years	because	they	usually	man-
age	their	diabetes	independently,	without	direct	supervision	from	their	parents.	Earlier	stud-
ies	 included	both	adolescents	and	younger	children,	where	parents	are	more	responsible	
for	the	SMBG	and	bolus	regimens	[21].	Thirdly,	earlier	studies	only	studied	adherence	 for	
14	days	[5,18-20],	or	4	weeks	[4],	while	our	study	evaluated	SMBG	and	bolus	frequencies	
over	60	days.	Because	HbA1c	reflects	average	blood	glucose	levels	over	the	past	2–3	months	
[24],	our	study	duration	is	better	suited	to	analyse	the	relationship	between	bolus/SMBG	
adherence	and	HbA1c.
The	main	strengths	of	our	study	 include	 its	 long	duration	and	the	relatively	 large	study	

sample	of	adolescents	on	CSII.	 Earlier	 studies	were	 limited	 to	2-4	weeks	of	 insulin	pump	
therapy	and	comprised	both	adolescents	and	school-aged	children.	Another	strength	of	this	
study	is	the	specific	relation	of	glycaemic	control	to	mealtime	boluses	and	SMBG	and	not	
only	 the	 total	bolus	 score	and	SMBGs.	We	acknowledge	 the	 following	 limitations.	 Firstly,	
data	were	 lost	due	to	technical	problems	in	downloading	from	the	devices	 in	13	patients	
(14%).	Post	hoc	analyses,	however,	showed	that	this	had	no	impact	on	our	main	study	out-
comes	(data	not	shown).	Secondly,	well	adherent	patients	were	likely	to	be	overrepresented	
in	 the	study	population	because	HbA1c	 levels	were	slightly	 lower	 in	participating	 than	 in	
non-participating	patients	(Table	1).	This	is	likely	to	be	the	case	in	other	scientific	studies	on	
adherence	in	adolescents	with	chronic	disease,	because	ethical	guidelines	prescribe	volun-
tary	participation	in	such	studies.	Even	in	this	group	of	T1DM	patients	on	CSII	therapy	with	
relatively	good	adherence,	the	degree	of	adherence	to	SMBG	and	insulin	bolusing,	especially	
around	mealtimes,	was	a	strong	determinant	of	glycaemic	control	in	these	patients.	Thirdly,	
although	the	fear	of	injection	and	self-testing	questionnaire	has	not	been	validated	in	pe-
diatric	patients,	it	has	been	shown	to	help	in	identifying	children	with	fear	of	self-injection	
and	self-testing	[26].	Fourthly,	our	definitions	of	mealtime	bolus	and	optimal	management	
may	be	questioned.	It	is	possible	that	the	patients’	mealtimes	occasionally	differed	from	the	
time	slots	we	assumed	that	meals	took	place	in,	which	may	have	caused	bias.	In	the	absence	
of	a	uniformly	accepted	gold	standard	of	optimal	CSII	management,	we	used	the	definition	
that	our	center	uses	in	clinical	care.	Finally,	the	fact	that	patients	knew	that	their	adherence 
was	being	monitored	may	have	affected	it.	 In	contrast	to	earlier	studies	[6],	we	therefore	
extended	the	adherence	review	period	to	60	days	prior	to	the	follow-up	visit.
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CoNClusioN

Glycaemic	control	 in	adolescents	with	T1DM	on	CSII	 is	 strongly	associated	with	 the	daily	
number	of	SMBG	and	insulin	boluses,	particularly	around	mealtimes.	These	results	underline	
the	importance	for	adolescents	to	adhere	to	the	recommendation	of	frequent	SMBG	and	
insulin	boluses,	in	particular	around	meals	with	diner	being	the	most	important	meal	with	
respect	to	insulin	boluses.	Every	effort	to	improve	such	adherence	is	therefore	encouraged,	
and	studies	on	the	effectiveness	of	such	interventions	are	urgently	needed.
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parentheses	next	to	the	correct	data	that	are	in	bold.
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AbStrAct

Poor	 self-management	 contributes	 to	 insufficient	 glycemic	 control	 in	 adolescents	 with	
type	1	diabetes	(T1DM).	We	assessed	the	effects	on	glycemic	control	of	adherence	to	self-
measurement	of	blood	glucose	(SMBG)	and	insulin	boluses	in	90	adolescents	with	T1DM	on	
insulin	pump	therapy	over	a	2-month	period.	We	compared	the	number	of	insulin	boluses	
and	SMBGs	around	main	meals	 to	 the	 “gold	 standard”	of	optimal	diabetes	management	
(SMBGs	and	a	bolus	before	each	main	meal	and	SMBG	before	bedtime).	The	mean	(95%	
CI)	HbA1c	levels	were	2.9(1.7	to	4.0)	mmol/mol	lower	for	every	additional	insulin	bolus	and	
3.1(1.6	to	4.5)	mmol/mol	lower	for	every	additional	SMBG.	Patients	performing	SMBG	and	
bolusing	around	each	main	meal	had	considerably	 lower	HbA1c	 levels	 than	those	unable	
to	do	(95%	CI	for	difference	3.5 to 13.4 mmol/mol(4.3 to 10.4 mmol/mol)	and	6.6 to 16.5 
mmol/mol(11.5 to 20.1 mmol/mol)	 respectively).	 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.

Conclusion:	Glycemic	control	in	adolescents	with	T1DM	on	insulin	pump	therapy	is	strongly	
dependent	on	adherence	to	insulin	boluses	around	mealtimes.
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rEsulTs

In	a	linear	regression	model,	the	59	patients	(65.6%)	who	bolused	around	every	main	meal	
according	to	the	gold	standard	had	considerably	 lower	HbA1c	 levels	than	the	31	patients	
(34.4%)	who	were	unable	 to	 do	 so	 (estimated	mean	difference	 11.6,	 95%	CI	 6.6	 to	 16.5	
mmol/mol).	This	association	remained	unchanged	after	adjustment	for	age,	sex,	diabetes	
duration,	and	affective	responses	to	SMBG	in	a	multiple	regression	model.	This	beneficial	
effect	of	mealtime	bolusing	was	strongest	for	the	evening	meal	insulin	bolus:	administration	
of	an	insulin	bolus	at	every	evening	meal	was	associated	with	an	estimated	mean	(95%	CI)	
HbA1c	decrease	of	43.2	(21.6	to	64.7)	mmol/mol	compared	to	children	who	did	not	perform	
evening	mealtime	bolusing.

The	42	patients	 (47%)	who	recorded	a	glucose	measurement	before	every	mealtime	had	
significantly	lower	HbA1c	values	(mean	difference	8.5, 95% Ci 3.5 to 13.4 mmol/mol)	(8.5, 
95% CI 4.9 to 12.2 mmol/mol)	 than	those	who	failed	to	do	so.	A	similar	effect	was	found	
in	 patients	who	 recorded	 an	 SMBG	before	 sleep	 compared	 to	 those	who	did	 not	 (mean	
difference	in	HbA1c	8.8, 95% Ci 3.7 to 13.9 mmol/mol)	(7.3, 95% CI 4.3 to 10.4 mmol/mol).
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