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Abstract
Aim: The	objective	of	this	study	was	to	assess	the	impact	of	health	care–	initiated	
visits	versus	patient-	controlled	flexible	visits	on	clinical	and	patient-	reported	out-
comes	in	people	with	type	1	diabetes.
Methods: The	DiabetesFlex	trial	was	a	randomized	controlled,	pragmatic	non-	
inferiority	15-	month	follow-	up	study	comparing	standard	care	(face-	to-	face	vis-
its	 every	 4  months)	 with	 DiabetesFlex	 (patient-	controlled	 flexible	 visits	 using	
patient-	reported,	 outcome-	based	 telehealth	 follow-	up).	 Of	 343	 enrolled	 partici-
pants,	160	in	each	group	completed	the	study.	The	primary	outcome	was	mean	
change	in	HbA1c	from	baseline	to	15-	month	follow-	up.	Secondary	outcomes	were	
blood	pressure,	 lipid	levels,	 frequency	of	visits,	 the	World	Health	Organization	
score—	five	 well-	being-	index	 (WHO-	5),	 the	 Problem	 Areas	 In	 Diabetes	 (PAID)	
scale	and	experience	of	participation	in	own	care	(participation	score).
Results: The	 adjusted	 mean	 difference	 in	 HbA1c	 between	 standard	 care	 and	
DiabetesFlex	 was	 similar	 and	 below	 the	 predefined	 non-	inferiority	 margin	 of	
0.4%	(−0.03%	[95%CI:	0.15,	0.11]/−0.27 mmol/mol	[−1.71,	1.16]).	No	intergroup	
mean	changes	in	lipid	or	blood	pressure	were	observed.	Conversely,	DiabetesFlex	
participants	presented	an	increased	mean	WHO-	5	index	of	4.5	(1.3,	7.3),	partici-
pation	score	of	1.1	(0.5,	2.0),	and	decreased	PAID	score	of	−4.8	(−7.1,	−2.6)	com-
pared	with	 standard	care.	During	 follow-	up,	DiabetesFlex	participants	actively	
changed	23%	of	face-	to-	face	visits	to	telephone	consultations,	cancelled	more	vis-
its	(17%	vs.	9%),	and	stayed	away	without	cancellation	less	often	(2%	vs.	8%).
Conclusion: Compared	 with	 standard	 care,	 flexible	 patient-	controlled	 visits	
combined	 with	 patient-	reported	 outcomes	 in	 participants	 with	 metabolic	 con-
trolled	 type	 1	 diabetes	 and	 good	 psychological	 well-	being	 further	 improved	
diabetes-	related	 well-	being	 and	 decreased	 face-	to-	face	 visits	 while	 maintaining	
safe	diabetes	management.
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1 	 | 	 INTRODUCTION

Globally,	 the	 number	 of	 individuals	 with	 diabetes	 is	
growing,	 increasing	 the	 burden	 on	 health	 care	 systems.	
Simultaneously,	 accumulating	 evidence	 indicates	 that	 a	
key	 element	 to	 achieving	 successful	 treatment	 requires	
increased	 involvement	 of	 the	 person	 with	 diabetes1	 and	
a	focus	on	minimizing	health	care–	related	disruptions	to	
people's	lives,2	prompting	researchers	to	rethink	currently	
employed	strategies	for	diabetes	care.

To	 allow	 for	 flexible	 patient-	controlled	 diabetes	 care	
management,	 the	 person	 with	 diabetes	 should	 ideally	
have	online	access	to	their	laboratory	data,	including	gly-
cated	haemoglobin	(HbA1c),	while	also	providing	patient-	
reported	outcome	data	to	the	diabetes	care	team	at	their	
outpatient	 clinic;	 this	 requires	 an	 effective	 telehealth	
setup.3	 Furthermore,	 the	 complexity	 of	 living	 with	 and	
managing	diabetes	 in	day-	to-	day	 life	may	negatively	 im-
pact	 the	well-	being	of	 the	person	with	diabetes.4	Hence,	
developing	diabetes	care	management	that	strives	to	mini-
mize	the	treatment	burden	remains	of	critical	importance.2

Controlled	studies	investigating	the	impact	of	patient-	
initiated	 timing	 and	 frequency	 of	 visits	 for	 people	 with	
chronic	diseases	such	as	rheumatoid	arthritis	and	inflam-
matory	bowel	disease	have	reported	safe	disease	manage-
ment,	 unaltered	 or	 higher	 satisfaction,	 and	 fewer	 visits	
compared	 with	 standard	 care.4,5	 However,	 whether	 this	
can	be	extrapolated	to	adults	with	type	1	diabetes	remains	
unknown.

Accordingly,	 we	 conducted	 the	 DiabetesFlex	 trial,	 a	
randomized	controlled	trial	aimed	at	demonstrating	that	
among	people	with	type	1	diabetes,	patient-	controlled	flex-
ible	 visits	 (DiabetesFlex)	 are	 not	 substantially	 unfavour-
able	 (non-	inferior)	compared	with	standard	care	 (health	
care	 provider–	initiated	 face-	to-	face	 consultation	 every	
4 months).	In	our	setting,	participants	in	the	DiabetesFlex	
arm	 decided	 whether	 some	 of	 their	 face-	to-	face	 visits	
should	 be	 converted	 to	 telephone	 consultations	 or	 can-
celled	altogether.	We	aimed	to	assess	the	impact	of	flexible	
patient-	controlled	 diabetes	 management	 using	 patient-	
reported,	outcome-	based	telehealth	follow-	up.	Herein,	we	
reported	the	primary	outcome	of	HbA1c,	as	well	as	blood	
pressure,	lipid	levels,	diabetes-	related	well-	being,6	the	ex-
perience	of	participation	in	own	care,	and	the	frequency	
of	rescheduled	visits	after	a	15-	month	follow-	up	period.

2 	 | 	 METHODS

2.1	 |	 Study design and participants

The	 DiabetesFlex	 study	 was	 a	 pragmatic	 randomized	
non-	inferiority	 controlled	 trial,	 as	 previously	 described,7	

involving	individuals	diagnosed	with	type	1	diabetes	who	
attended	routine	follow-	up	at	a	large	publicly	funded	out-
patient	clinic	 in	Denmark.	The	 trial	was	registered	with	
ClinicalTrials.gov	(identifier	NCT03202732),	and	the	pre-
defined	outcomes	are	reported	in	the	current	paper.

From	October	2017	 to	February	2019,	 individuals	with	
type	1	diabetes	who	received	standard	diabetes	care	at	the	
outpatient	clinic	at	Aarhus	University	Hospital	in	Denmark	
were	invited	to	participate	in	the	trial.	Inclusion	criteria	were	
age	>18 years,	diagnosis	of	type	1	diabetes	for	>1 year,	inter-
net	access	and	ability	to	understand,	read	and	write	Danish.	
Randomization	 was	 performed	 using	 the	 REDCap	 ran-
domization	model.8	Allocation	lists	were	generated	for	the	
treatment	groups	at	a	1:1	ratio	using	permuted	blocks	with	
randomly	 varying	 sizes	 of	 4,	 6	 and	 8,	 stratified	 by	 HbA1c	
<59  mmol/mol	 versus	 HbA1c	 >58  mmol/mol.	 To	 main-
tain	proper	concealment	of	randomization,	allocation	lists	
were	generated	and	uploaded	to	REDCap	using	an	external	
randomization	service	 (Clinical	Trial	Unit,	Department	of	
Clinical	Medicine,	Aarhus	University,	Denmark).	Blinding	
was	not	possible	owing	to	the	study	design.

This	 study	 was	 conducted	 in	 accordance	 with	 the	
Declaration	of	Helsinki	and	was	approved	by	the	Danish	

What is already known?
•	 Involvement	 of	 people	 with	 diabetes	 has	 been	

shown	to	be	an	important	predictor	of	success-
ful	diabetes	self-	management.

•	 Patient-	controlled	 timing	 of	 visits	 has	 been	
successfully	 implemented	 for	 other	 chronic	
diseases,	but	its	potential	in	adults	with	type	1	
diabetes	remains	unknown.

What this study found?
•	 Patient-	controlled	 diabetes	 management	 was	

safe,	 with	 no	 negative	 effect	 on	 clinical	 out-
comes	(HbA1c,	lipids,	and	blood	pressure).

•	 Patient-	controlled	 visits	 improved	 diabetes-	
related	well-	being	and	resulted	in	reduced	face-	
to-	face	visits	and	non-	attendance.

What are the implications of the study?
•	 Standard	 type	 1	 diabetes	 follow-	up	 can	 be	

changed	 to	 patient-	controlled	 visits	 combined	
with	patient-	reported	outcomes	in	people	with	
adequate	 metabolic	 control	 and	 good	 psycho-
logical	 well-	being.	 This	 change	 of	 diabetes	
management	decreases	the	need	for	face-	to-	face	
visits,	 increases	 involvement	 and	 minimizes	
health	care	disruptions	to	people's	lives.
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Data	 Protection	 Agency	 (record	 no.	 2012–	58–	006)	 and	
by	the	Central	Denmark	Regional	Committee	on	Health	
Research	Ethics	(record	no.	M-	2017–	139–	17).	Written	in-
formed	consent	was	obtained	from	all	enrolled	individuals.

2.2	 |	 Procedure

All	participants	underwent	a	face-	to-	face	consultation	at	
baseline	and	at	the	end	of	the	study	(15 months).	Blood	
samples	to	measure	the	HbA1c	levels	were	obtained	and	
analysed	 prior	 to	 the	 consultation,	 whereas	 blood	 pres-
sure	 and	 weight	 were	 registered	 by	 a	 nurse	 at	 the	 con-
sultation.	 In	 the	 control	 arm,	 participants	 with	 type	 1	
diabetes	 continued	 to	 receive	 standard	 care,	 consisting	
of	routine	face-	to-	face	consultations	every	4 months	with	
either	a	doctor	or	a	specialist	diabetes	nurse.	In	the	treat-
ment	 arm,	 participants	 were	 assigned	 to	 DiabetesFlex	
care,	 which	 is	 a	 patient-	reported	 outcome-	based	 tele-
health	system	designed	to	support	 individuals	with	dia-
betes,	as	well	as	health	care	professionals	for	evaluating	
patients’	 condition	 and	 care	 needs	 by	 substituting	 in-	
person	consultations.9,10

Information	regarding	the	development	of	DiabetesFlex	
care,	 such	 as	 questionnaire	 design,	 pilot	 testing	 and	 in-
volvement	of	people	and	health	care	professionals	in	the	
process,	has	previously	been	reported.7

The	first	consultation	in	DiabetesFlex	care	was	a	face-	to-	
face	consultation	with	an	endocrinologist	and	a	specialist	di-
abetes	nurse.	The	last	two	consultations	in	the	annual	cycle	
were	optional,	and	participants	could	choose	to	have	a	face-	
to-	face	 consultation,	 change	 to	 telephone	 consultation,	 or	
cancel	the	visit.	Two	weeks	prior	to	each	consultation,	par-
ticipants	completed	the	internet-	based,	AmbuFlex	diabetes-	
specific,	 patient-	reported	 outcome	 questionnaire.	 A	 more	
extensive	 questionnaire	 was	 used	 for	 the	 annual	 visit	 (45	
items),	and	a	shorter	 form	(17	 items)	 for	 the	optional	vis-
its	 (Table S1).	Based	on	 their	 responses	on	 the	AmbuFlex	
questionnaire,	a	specialist	diabetes	nurse	evaluated	whether	
it	was	clinically	safe	to	change	or	cancel	a	consultation,	in	
accordance	with	the	participants’	request.7

2.3	 |	 Outcome measures

The	 primary	 outcome	 was	 the	 mean	 change	 in	 HbA1c	
from	baseline	to	the	last	visit	after	a	15-	month	follow-	up.	
The	secondary	clinical	outcomes	were	the	lipid	and	blood	
pressure	 measurements	 of	 participants.	 The	 outcomes	
concerning	participants’	use	of	health	care	resources	were	
based	on	the	number	and	type	of	consultations	and	reg-
istered	 non-	attendance.	 Secondary	 patient-	reported	 out-
comes	were	scores	on	the	World	Health	Organization—	five	

well-	being-	index	(WHO-	5),	the	Problem	Areas	In	Diabetes	
(PAID)	scale	and	the	participation	score.11

The	 participants’	 well-	being	 was	 determined	 using	 the	
WHO-	5,	and	a	generic	measure	of	mental	well-	being	com-
prising	five	questions	rated	on	a	6-	point	Likert	scale	from	0	
(at	no	time)	to	5	(all	of	the	time);	the	corresponding	WHO-	5	
index	is	a	percentage	score	ranging	from	100	(the	best	imag-
inable	 well-	being)	 to	 0	 (the	 worst	 imaginable	 well-	being),	
obtained	by	multiplying	the	raw	well-	being	score	by	4.12	In	
addition,	emotional	distress	linked	directly	to	diabetes	was	
recorded	via	PAID,	a	20-	item	questionnaire	using	a	5-	point	
scale	from	0	(not	a	problem)	to	4	(a	severe	problem),	with	the	
corresponding	PAID	percentage	score	ranging	from	0	(best)	
to	100	(worst)	by	multiplying	the	raw	PAID	score	by	1.25.13

The	 experiences	 of	 participation	 in	 one's	 own	 care	
were	assessed	with	a	5-	item	questionnaire	measuring	the	
degree	of	agreement	with	 the	 following	statements	on	a	
6-	point	Likert	scale	from	0	(do	not	know)	to	5	(to	a	very	
high	degree):	(1)	The	health	care	professionals	asked	ques-
tions	about	my	experiences	with	the	disease.	(2)	I	talked	
to	health	care	professionals	about	the	questions	and	con-
cerns	that	I	had.	(3)	The	health	care	professionals	invited	
me	to	ask	questions	and	talk	about	my	concerns.	(4)	I	was	
consulted	when	decisions	about	my	plans	were	made.	(5)	
I	talked	adequately	to	health	care	professionals	about	how	
I	manage	my	condition.	The	items	were	summarized,	and	
the	participation	scores	ranged	from	0	(worst)	to	25	(best).	
The	 five	generic	questions	and	 the	derived	participation	
score	 were	 previously	 validated	 and	 tested	 in	 a	 Danish	
context.14

2.4	 |	 Data collection

Data	from	the	questionnaires	were	collected	electronically	
using	REDCap.	The	participants	completed	an	electronic	
questionnaire	covering	health	outcomes	either	at	home	or	
at	the	outpatient	clinic.	Data	regarding	HbA1c,	lipids	and	
resources	 (number	 of	 contacts	 and	 consultations)	 were	
obtained	from	the	participant's	medical	records.	All	data	
were	stored	in	REDCap.8

2.5	 |	 Statistical analysis

The	 sample	 size	 calculation	 was	 based	 on	 an	 assump-
tion	of	non-	inferiority	 for	 the	primary	outcome,	defined	
as	an	intergroup	difference	of	a	maximum	of	0.4%	in	the	
mean	HbA1c	change	from	baseline	to	study	end.	The	non-	
inferiority	margin	was	selected	based	on	the	use	of	a	0.4%	
margin	 in	 studies	 assessing	 individuals	 with	 type	 1	 dia-
betes,3,15	and	because	it	would	insure	a	sufficiently	small	
between-	group	 difference	 to	 avoid	 a	 substantial	 clinical	
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impact.	 Given	 a	 statistical	 power	 of	 90%,	 a	 significance	
level	of	0.05%,	a	standard	deviation	(SD)	of	1,	and	an	allo-
cation	ratio	of	1:1,	the	estimated	sample	size	was	109	par-
ticipants	in	each	group.	To	examine	secondary	end	points	
and	account	for	dropouts,	344	participants	were	enrolled.

Statistical	 analyses	 were	 performed	 as	 intention-	to-	
treat	analyses	based	on	valid	available	 information	 from	
the	participants	who	completed	the	study.	All	participants	
received	initially	allocated	treatment.	Descriptive	data	are	
presented	as	mean ± SD	for	continuous	variables,	propor-
tions	(n,	%)	for	categorical	variables,	and	mean	difference	
with	95%	confidence	interval	(CI).	In	addition,	registered	
visits	 during	 the	 15-	month	 follow-	up	 were	 compared	
using	Student's	t-	test.

The	association	between	change	in	HbA1c	level	and	treat-
ment	 was	 examined	 using	 linear	 regression	 adjusted	 for	
baseline	 HbA1c	 (stratification	 variable).	 Lipid,	 blood	 pres-
sure	and	patient-	reported	outcome	measurements	were	an-
alysed	in	a	similar	manner.	To	avoid	excluding	participants	
without	baseline	lipid	measurements,	a	variable	indicating	
missing	baseline	data	was	included	in	the	regression	model;	
all	missing	values	were	set	to	the	mean	value	of	the	baseline	
measure.	This	missing-	indicator	method	has	been	validated	
in	previous	studies.16,17 To	assess	the	sensitivity	of	results	for	
the	missing-	indicator	method,	the	outcome	measure	on	the	
treatment	 indicator	 in	 models	 without	 baseline	 measures	
was	regressed;	the	results	were	found	to	be	similar.	Statistical	
analyses	were	performed	using	Stata	version	16.

3 	 | 	 RESULTS

In	 total,	 344	 participants	 with	 type	 1	 diabetes	 were	 en-
rolled	 in	 the	 present	 study,	 with	 1	 participant	 with-
drawing	before	randomization,	and	13	were	excluded	as	
COVID-	19	 restrictions	 prevented	 them	 from	 attending	
the	department.	The	study	cohort,	thus,	consisted	of	320	
participants:	 160	 in	 the	 standard	 care	 group	 and	 160	 in	
the	DiabetesFlex	group	(Figure S1).	Among	the	320	par-
ticipants,	47%	were	women,	with	a	mean	age	of	48 years,	
and	74%	had	the	diagnosis	of	type	1	diabetes	for	˃10 years	
(Table  1).	 At	 the	 end	 of	 the	 study	 period,	 no	 significant	
change	in	diabetes	treatment	and	use	of	technologies	were	
observed	within	the	two	groups	(data	not	shown).	The	re-
sponse	rate	for	answering	the	AmbuFlex	diabetes-	specific,	
patient-	reported	outcomes	questionnaire	was	98%.

3.1	 |	 Impact of DiabetesFlex care on 
clinical outcomes

At	the	end	of	the	study	period,	the	adjusted	mean	differ-
ence	 in	 HbA1c	 between	 standard	 care	 and	 DiabetesFlex	

was	similar	and	below	the	predefined	non-	inferiority	mar-
gin	 of	 0.4%	 (−0.03%	 [95%CI:	 −0.15,	 0.11]/−0.27  mmol/
mol	[−1.71,	1.16])	(Table 2).	No	intergroup	mean	changes	
in	lipid	or	blood	pressure	were	observed,	and	no	partici-
pants	were	hospitalized	with	severe	hypoglycaemia	or	ke-
tosis/ketoacidosis	during	the	15-	month	follow-	up	period.

3.2	 |	 Impact of DiabetesFlex care on 
patient- reported outcomes

In	 comparison	 with	 the	 standard	 group,	 participants	 in	
the	 Flex	 group	 showed	 improved	 overall	 diabetes	 well-	
being	at	the	end	of	the	study	(Table 3):	the	WHO-	5	index	
(range:	 0–	100)	 increased	 by	 4.5	 points	 (95%	 CI:	 1.6,	 7.3)	
and	the	participation	score	(range:	0–	25)	increased	by	1.1	
points	 (0.5,	2.0),	whereas	 the	PAID	score	 (range:	0–	100)	
decreased	by	−4.8	points	(−7.1,	−2.6).

3.3	 |	 Impact of DiabetesFlex on the need 
for visits

During	follow-	up,	the	registered	mean	number	of	visits	per	
person	was	2.9	 in	the	standard	care	group	and	3.0	 in	the	
DiabetesFlex.	 However,	 the	 DiabetesFlex	 group	 had	 22%	
(16,	 28)	 fewer	 face-	to-	face	 visits	 than	 the	 standard	 care	
group	(Table 4),	attributed	to	a	switch	from	face-	to-	face	vis-
its	to	telephone	contacts.	Further,	the	proportion	of	face-	
to-	face	 visits	 cancelled	 ahead	 of	 time	 was	 greater	 in	 the	
DiabetesFlex	group	than	in	the	standard	care	group	(17%	
vs.	8.7%;	risk	difference:	8.4%	[4.2,	13]).	In	addition,	staying	
away	without	cancellation	occurred	less	frequently	in	the	
DiabetesFlex	group	than	in	the	standard	care	group	(2%	vs.	
8%;	risk	difference:	−6.0%	[−8.8,	−3.1]).	On	four	occasions,	
the	specialist	nurse	 judged	that	 the	decision	by	a	partici-
pant	in	the	DiabetesFlex	group	to	switch	from	face-	to-	face	
to	telephone	or	to	cancellation	was	potentially	unsafe.

3.4	 |	 Impact of DiabetesFlex on diabetes 
care after study end

At	the	end	of	the	study	period,	participants	could	choose	
to	receive	standard	care	or	the	DiabetesFlex	plan.	In	the	
standard	care	group,	87	of	160	participants	(54%)	chose	to	
switch	 to	 the	 DiabetesFlex	 strategy;	 in	 the	 DiabetesFlex	
group,	 almost	 all	 participants	 (151	 out	 of	 160,	 94%)	 se-
lected	to	continue	with	the	DiabetesFlex	plan	(Table 4).

For	 each	 of	 the	 above-	reported	 outcomes,	 a	 separate	
analysis	was	performed	for	participants	who	exhibited	an	
HbA1c	>58 mmol/mol,	and	the	findings	were	similar	(data	
not	shown).
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4 	 | 	 DISCUSSION

In	the	present	study,	we	found	that	using	patient-	reported	
outcomes	in	combination	with	patient-	controlled	diabetes	

management	 in	 people	 with	 acceptable	 metabolic	 con-
trol	 and	 good	 psychological	 well-	being	 further	 improved	
diabetes-	related	well-	being	and	decreased	the	use	of	face-	
to-	face	visits	while	maintaining	safe	diabetes	management.

Standard care 
(N = 160)

DiabetesFlex 
(N = 160) Total

Age 48 ± 14 49 ± 15 48 ± 14

Women 72	(45) 79	(49) 151	(47)

BMI	(kg/m2) 25.8 ± 4.4 25.9 ± 3.6 25.8 ± 4.0

Native	language

Danish 157	(98) 157	(98) 314	(98)

Other 3	(1.9) 3	(1.9) 6	(1.9)

Education

Less	than	bachelor 38	(24) 34	(21) 72	(23)

Bachelor's	degree 80	(50) 85	(53) 165	(52)

Advanced	degree 33	(21) 35	(22) 68	(21)

Other 9	(5.6) 6	(3.8) 15	(4.7)

Household

Live	with	others 112	(70) 110	(69) 222	(70)

Alone 47	(30) 50	(31) 97	(30)

Other	chronic	disease

Yes 42	(26) 54	(34) 96	(30)

No 114	(71) 101	(63) 215	(67)

Do	not	know 4	(2.5) 5	(3.1) 9	(2.8)

Duration	of	type	1	diabetes

Diabtes	<10 year 43	(27) 39	(25) 82	(26)

Diabetes	≥10 year 117	(73) 120	(75) 237	(74)

Diabetes	treatment

Pen 105	(66) 98	(61) 203	(63)

Insulin	pump 55	(34) 62	(39) 117	(37)

Diabetes	technology

Blood	glucose	meter 99	(62) 93	(58) 192	(60)

Continuous	glucose	
monitoring

26	(16) 18	(11) 44	(14)

Flash	glucose-	sensing 35	(22) 49	(31) 84	(26)

Last	HbA1c	measurement

<7.5%/59 mmol/mol 97	(61) 96	(60) 193	(60)

>7.5%/58 mmol/mol 63	(39) 64	(40) 127	(40)

Diabetes	complication

None 121	(76) 122	(76) 243	(76)

Retinopathy 9	(5.7) 6	(3.8) 15	(4.8)

Neuropathy 8	(5.1) 11	(7.0) 19	(6.0)

Nephropathy 1	(0.6) 1	(0.6) 2	(0.6)

Complication,	not	specified 9	(5.7) 4	(2.5) 13	(4.0)

More	than	one	complication 9	(5.7) 14	(8.9) 23	(7.2)

Not	registered 3	(1.9) 2	(1.3) 5	(1.6)

Note: Data	are	presented	as	mean ± SD	or	n	(%).

T A B L E  1 	 Baseline	characteristics	
of	the	standard	care	(N = 160)	and	
DiabetesFlex	groups	(N = 160)
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To	the	best	of	our	knowledge,	 this	 is	 the	 first	 random-
ized	 controlled	 study	 investigating	 the	 impact	 of	 patient-	
controlled	 visits	 combined	 with	 the	 systematic	 use	 of	
patient-	reported	 outcomes	 on	 metabolic	 control.	 The	 key	
strengths	of	this	study	include	its	randomized	pre-	registered	
design,	large	sample	size,	and	low	dropout	rate.	Furthermore,	
the	well-	validated,	patient-	reported	outcome	data	combined	

with	clinical	data	provide	insights	into	the	complexity	of	liv-
ing	with	and	managing	diabetes	on	a	day-	to-	day	basis.	Given	
the	research	design,	it	was	difficult	to	discriminate	between	
the	 influence	 of	 the	 patient-	controlled	 diabetes	 manage-
ment	and	the	use	of	patient-	reported	outcomes.

As	observed	with	most	clinical	controlled	trials,	the	in-
ternal	validity	was	high,	but	the	study	may	be	limited	in	

Standard care 
(N = 160)

DiabetesFlex 
(N = 160) Treatment effect

Haemoglobin

HbA1c	(%)

Start 7.36 ± 1.03 7.44 ± 1.05 −0.03	(−0.15,	0.11)

End 7.42 ± 1.00 7.47 ± 1.00

Difference 0.06	(−0.02,	0.15) 0.04	(−0.07,	0.15)

HbA1c	(mmol/mol)

Start 56.91 ± 11.31 57.79 ± 11.54 −0.27	(−1.71,	1.16)

End 57.57 ± 10.79 58.21 ± 10.79

Difference 0.69	(−0.23,	1.61) 0.43	(−0.79,	1.64)

Lipids

Cholesterol	(mmol/L)

Start 4.58 ± 0.79 4.59 ± 1.09 0.21	(−0.17,	0.59)

End 4.33 ± 0.72 4.42 ± 1.18

Difference −0.20	(−0.40,	0.00) 0.01	(−0.28,	0.31)

HDL	(mmol/L)

Start 1.70 ± 0.49 1.63 ± 0.51 0.01	(−0.08,	0.10)

End 1.68 ± 0.51 1.61 ± 0.47

Difference −0.05	(−0.12,	0.02) −0.04	(−0.11,	0.02)

LDL	(mmol/L)

Start 2.37 ± 0.70 2.41 ± 0.81 0.21	(−0.13,	0.55)

End 2.15 ± 0.56 2.28 ± 0.99

Difference −0.13	(−0.29,	0.03) 0.08	(−0.20,	0.36)

Triglycerides	(mmol/L)

Start 1.07 ± 0.62 1.30 ± 0.64 −0.08	(−0.31,	0.14)

End 1.08 ± 0.52 1.23 ± 0.77

Difference −0.01	(−0.15,	0.13) −0.10	(−0.27,	0.08)

Blood	pressure

Diastolic	(mmHg)

Start 78.87 ± 8.37 78.54 ± 8.43 −1.94	(−4.26,	0.38)

End 79.19 ± 8.49 77.54 ± 8.98

Difference 0.90	(−0.66,	2.46) −0.91	(−2.63,	0.81)

Systolic	(mmHg)

Start 131.76 ± 15.49 131.06 ± 14.27 0.00	(−4.10,	4.09)

End 131.41 ± 14.19 131.27 ± 14.87

Difference 0.05	(−2.99,	3.09) 0.15	(−2.62,	2.92)

Note: Start	and	end	data	are	presented	as	mean ± SD.
Difference	between	start	and	end	are	presented	as	mean	with	95%	confidence	interval.
Treatment	effect	with	95%	confidence	interval.

T A B L E  2 	 Clinical	outcomes	after	a	
15-	month	follow-	up	of	the	standard	care	
and	DiabetesFlex	groups
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terms	of	external	validity.	The	outpatient	clinic	at	Aarhus	
University	Hospital,	Denmark,	provides	care	 to	approxi-
mately	1700	individuals	(> 18 years)	diagnosed	with	type	
1	 diabetes,	 among	 whom	 1275	 (75%)	 met	 the	 inclusion	
criteria.	Among	the	542	invited	to	participate	in	the	trial	
343	(63%)	agreed.	The	study	population	had	a	similar	gen-
der	 distribution	 as	 the	 outpatient	 clinic,	 but	 the	 propor-
tion	of	individuals	with	an	HbA1c	<59 mmol/mol	(7.5%)	
was	higher	(60%)	than	that	typically	observed	at	the	clinic	

(50%).	The	study	was	not	designed	to	evaluate	the	poten-
tial	 savings	 associated	 with	 the	 DiabetesFlex	 solution;	
thus,	 data	 regarding	 this	 are	 not	 available.	 However,	 we	
believe	 it	 can	 be	 reasonably	 assumed	 that	 participants	
who	changed	their	face-	to-	face	visit	to	a	telephone	contact	
or	cancelled	 the	visit	 saved	 time	and	money	 in	 terms	of	
transport	 to	 and	 from	 the	 hospital.	 A	 randomized	 study	
by	 the	 Telemed-	Diabetes	 group	 evaluating	 the	 cost	 of	
telematic	care	as	a	replacement	for	face-	to-	face	outpatient	

Standard care 
(N = 160)

DiabetesFlex 
(N = 160)

Treatment 
effect p- values

WHO−5	well-	being	index

Start 70.0 ± 13.7 69.7 ± 15.5 4.5	(1.6,	7.3) 0.005

End 69.0 ± 14.5 73.4 ± 16.2

Difference −0.9	(−3.0,	1.2) 3.6	(1.3,	6.0)

Problem	areas	in	diabetes

Start 16.3 ± 11.9 16.0 ± 13.2 −4.8	(−7.1,	
−2.6)

<0.001

End 17.0 ± 14.1 12.0 ± 12.1

Difference 0.8	(−0.9,	2.4) −4.1	(−5.6,	−2.6)

Participation	score

Start 18.9 ± 4.1 18.5 ± 4.5 1.1	(0.5,	2.2) 0.040

End 18.9 ± 4.1 19.6 ± 4.4

Difference 0.1	(−0.6,	0.8) 1.2	(0.4,	2.0)

Note: Start	and	end	data	are	presented	as	mean ± SD.
Difference	between	start	and	end	are	presented	as	mean	with	95%	confidence	interval.
Treatment	effect	with	95%	confidence	interval.

T A B L E  3 	 Patient-	reported	outcomes	
for	the	standard	care	and	DiabetesFlex	
groups

Standard care 
(N = 160)

DiabetesFlex 
(N = 160) Risk difference

Hospital	visits	during	15-	month	follow-	up

All	registered	visits 462 486

Face-	to-	face	visit 372	(81) 284	(58) −22%	(−28,	−16)

Visit	changed	
to	telephone	
consultation

Not	an	option 90	(19)

Visits	cancelled	by	the	
patient

40	(8.7) 83	(17) 8.4%	(4.2,13)

Patient	stayed	away 38	(8.2) 11	(2.3) −6.0%	(−8.8,	−3.1)

Visits	cancelled	by	the	
hospital

12	(2.6) 14	(2.9) 0.3%	(−1.8,2.4)

Cancellation,	
unspecified

0 4	(0.8)

Choice	of	care	after	study	end

Completed	the	trial 160 160

Standard	Care 73	(46) 9	(5.6)

DiabetesFlex 87	(54) 151	(94)

Note: Data	are	presented	as	n	(%).
Risk	differences	with	95%	confidence	interval.

T A B L E  4 	 Numbers	of	visits	registered	
at	the	hospital	during	the	15-	month	
follow-	up	and	the	patient	choice	of	
diabetes	care	after	the	end	of	the	study



8 of 9 |   LAURBERG et al.

appointments	 has	 reported	 that	 people	 with	 diabetes	
saved	time	(14 h	were	spent	during	6 months	follow-	up	in	
the	face-	to-	face	group	vs.	6 h	in	the	telehealth	care	group),	
whereas	the	diabetes	team	spent	approximately	20%	less	
time	on	average	with	the	telehealth	care	group.18

Another	 limitation	 is	 the	 nature	 of	 a	 pragmatic	 ran-
domized	trial	conducted	in	a	real-	life	setting.	Data	collec-
tion	concerning	health	care	services	was	inaccurate,	given	
an	inconsistency	in	the	manner	in	which	different	health	
care	providers	registered	contacts	to	the	hospital.	In	some	
cases,	two	different	contacts	(e.g.	telephone	and	physical	
meetings	with	a	doctor)	were	registered	on	the	same	day,	
and	on	reading	the	medical	record,	it	was	determined	to	
be	a	 telephone	contact	with	a	medical	doctor.	The	same	
contact	would	have	been	registered	as	telephone	contact	
by	another	health	care	professional.	All	 cancellations	of	
visits,	as	well	as	two	registrations	on	the	same	day,	were	
reviewed	to	establish	a	similar	mode	of	registration.	This	
misclassification	 is	 considered	 non-	differential,	 as	 out-
come	measurements	are	similar	across	the	treatment	and	
control	groups.	Furthermore,	the	bias	will	underestimate	
the	 potential	 difference	 in	 cancelled	 visits/staying	 away	
between	groups.	Finally,	participants	lost	to	follow-	up	had	
missing	outcome	data,	which	was	observed	only	in	a	few	
cases	(7%),	and	was	balanced	between	the	groups	(12/172	
vs.	11/171).	Moreover,	 the	underlying	reasons	for	 loss	 to	
follow-	up	 were	 similar	 and	 unrelated	 to	 the	 treatment	
(died,	moved	to	another	hospital,	affected	by	COVID-	19).	
Based	on	these	findings,	we	believe	that	missing	data	were	
unlikely	to	induce	bias	in	the	obtained	results.

The	present	study	demonstrates	in	a	randomized	design,	
that	standard	diabetes	care	follow-	up	could	be	switched	to	
people-	initiated	 contacts	 while	 maintaining	 safe	 disease	
management,	in	line	with	similar	reports	concerning	other	
chronic	illnesses.5,19-	24	Although	the	diseases	are	markedly	
distinct,	they	all	necessitate	regular	contact	with	the	health	
care	system	and	in	that	sense	face	similar	issues.

The	WHO-	5	and	PAID	questionnaires	are	key	compo-
nents	of	the	AmbuFlex	diabetes-	specific,	patient-	reported	
outcomes	questionnaire;	these	well-	being	scores	were	im-
proved	 in	 the	 DiabetesFlex	 group	 throughout	 the	 study	
period.	 Previous	 reports	 have	 revealed	 the	 correlation	
between	WHO-	5	and	PAID,	as	well	as	the	association	be-
tween	greater	well-	being	and	lower	HbA1c.

25	In	the	pres-
ent	 study,	 we	 observed	 no	 effect	 on	 glycaemic	 control,	
possibly	 due	 to	 the	 low	 mean	 HbA1c	 level	 at	 the	 study	
baseline	(58 mmol/mol,	7.5%)	compared	with	other	ran-
domized	controlled	studies	(70–	74 mmol/mol,	8.6–	8.9%).25	
Furthermore,	the	mean	WHO-	5	at	baseline	was	high	and	
similar	to	that	of	the	Danish	general	population,26,27 leav-
ing	 limited	 scope	 for	 improvement.	 This	 could	 explain	
why	the	observed	improvement	in	well-	being	was	below	
the	threshold	value	considered	clinically	relevant.12

Another	 beneficial	 effect	 of	 the	 patient-	reported	 out-
come	 questionnaire	 is	 its	 known	 impact	 on	 patients’	
experience	of	 involvement.28	As	expected,	 the	 study	doc-
umented	 a	 positive	 effect	 on	 the	 participants’	 scores	 in	
the	DiabetesFlex	group	compared	with	the	standard	care	
group.	 Overall,	 the	 participants	 seemed	 to	 be	 very	 satis-
fied	with	DiabetesFlex,	with	most	participants	selecting	to	
continue	with	this	type	of	diabetes	management	after	the	
study	concluded.	Finally,	participants	in	the	DiabetesFlex	
group	 requested	 fewer	 consultations,	 and	 the	 proportion	
of	 those	 who	 stayed	 away	 from	 appointments	 without	
cancellation	 was	 low.	 These	 findings	 are	 consistent	 with	
a	study	by	Brewster	et	al.,	which	revealed	a	reduction	 in	
non-	attendance	when	people	were	 involved	 in	 their	own	
care	and	when	telehealth	consultations	were	also	offered.29

In	conclusion,	compared	with	the	standard	care	group,	
flexible	 patient-	controlled	 visits	 combined	 with	 patient-	
reported	outcomes	in	individuals	with	metabolic	well	con-
trolled	type	1	diabetes	and	good	psychological	well-	being	
further	improved	diabetes-	related	well-	being	and	lowered	
the	use	of	face-	to-	face	visits	while	maintaining	safe	diabe-
tes	management.	Therefore,	the	present	study	encourages	
health	 care	 providers	 to	 change	 some	 of	 the	 usual	 dia-
betes	care	 follow-	up	 to	patient-	initiated	contacts	 for	 this	
specific	 profile	 of	 individuals	 with	 type	 1	 diabetes.	This	
strategy	 could	 improve	 diabetes	 treatment	 by	 increasing	
involvement	of	people	with	type	1	diabetes	and	minimiz-
ing	health	care–	related	disruptions	to	people's	lives.
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