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Abstract
Aims: The	focus	of	health	system	interventions	for	noncommunicable	diseases	
and	diabetes	focus	mainly	on	primary	health	care	responses.	However,	existing	
interventions	are	not	necessarily	adapted	for	the	complex	management	of	type	1	
diabetes	(T1DM).	We	aimed	to	identify	and	describe	health	system	interventions	
which	have	been	developed	to	improve	the	management	of	T1DM	globally.
Methods: We	conducted	a	scoping	review	by	searching	MEDLINE,	Embase,	and	
Global	Health	using	OVID	for	peer-	review	articles	published	in	either	English,	
Spanish,	Portuguese	or	French	in	the	last	10 years.	We	classified	the	intervention	
strategies	according	to	the	Effective	Practice	and	Organization	of	Care	(EPOC)	
taxonomy	 for	 health	 system	 interventions	 and	 the	 World	 Health	 Organization	
(WHO)	health	system	building	blocks.
Results: This	 review	 identified	 159	 health	 system	 interventions	 to	 improve	
T1DM	management.	Over	half	of	the	studies	focused	only	on	children	or	adoles-
cents	with	type	1	diabetes.	Only	a	small	fraction	of	the	studies	were	conducted	in	
low-	and-	middle	 income	countries	(LMICs).	According	to	 the	EPOC	taxonomy,	
the	 most	 frequently	 studied	 category	 was	 delivery	 arrangement	 interventions,	
while	implementation	strategies	and	financial	arrangements	were	less	frequently	
studied.	 Also,	 governance	 arrangements	 domains	 were	 not	 studied.	 The	 most	
common	combination	of	intervention	strategies	included	self-	management	with	
either	telemedicine,	use	of	information	and	smart	home	technologies.
Conclusions: There	is	a	need	to	expand	potential	interventions	to	other	EPOC	
strategies	 to	 assess	 their	 potential	 effect	 on	 health	 outcomes	 in	 people	 with	
T1DM,	as	well	as	to	involve	more	LMIC	settings	as	the	impact	may	be	greater	in	
these	settings.
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1 	 | 	 INTRODUCTION

The	 World	 Health	 Organization	 (WHO)	 states	 that	 a	
health	system	includes	all	‘activities	whose	primary	pur-
pose	is	to	promote,	restore	and	maintain	health’1	and	have	
as	 their	objectives	 to:	 improve	 the	health	of	 the	popula-
tions	they	serve;	respond	to	the	populations’	expectations;	
and	provide	financial	protection	against	ill-	health.	Much	
of	 the	 focus	on	diabetes	and	noncommunicable	diseases	
(NCD)	 and	 the	 delivery	 of	 care	 focuses	 on	 the	 role	 of	
primary	health	care	(PHC).	The	WHO	has	developed	its	
Package	 of	 Essential	 NCD	 (PEN)	 interventions	 for	 PHC	
in	low-	resource	settings	which	is	‘a	prioritized	set	of	cost-	
effective	interventions	that	can	be	delivered	to	an	accept-
able	quality	of	care,	even	in	resource-	poor	settings’.2

The	current	focus	on	PHC	health	system	responses	for	
diabetes	is	not	necessarily	adapted	for	the	complex	manage-
ment	 of	 type	 1	 diabetes	 mellitus	 (T1DM),3	 given	 the	 cur-
rent	weaknesses	of	PHC	in	managing	NCDs	and	diabetes,4,5	
especially	 in	 low-		 and	 middle-	income	 countries	 (LMIC).	
Management	of	 type	1	diabetes	 in	high-	income	countries	
(HIC)	and	LMIC	may	differ.6,7	While	in	HIC	care	for	type	
1	diabetes	might	be	provided	at	PHC,	in	LMICs	T1DM	re-
mains	a	condition	managed	by	doctors	in	hospitals	in	large	
urban	areas.8–	10	As	an	example,	a	 study	assessing	clinical	
outcomes	in	children	living	with	T1DM	found	that	the	mean	
HbA1c	 levels	 in	children	were	 lower	 in	HIC	(66.4 mmol/
mol	or	8.23%)	compared	to	those	in	low-	income	countries	
(87.0 mmol/mol	or	10.11%).11	Thus,	an	adapted	health	sys-
tem	response	is	needed	to	ensure	that	care	is	accessible	as	
well	as	provided	by	qualified	health	personnel.

Studies	in	LMICs	have	identified	various	health	system	
barriers	to	care	for	T1DM.8,9,12,13	All	these	factors	are	related	
to	 the	capacity	of	 the	health	system	to	provide	 the	differ-
ent	 components	 needed	 as	 defined	 by	 the	 WHO’s	 health	
system	 building	 blocks,	 namely14:	 service	 delivery,	 health	
workforce,	health	information	systems,	access	to	essential	
medicines,	 financing	 and	 leadership/governance.	 These	
weaknesses	in	the	health	system	result	in	major	differences	
between	 the	 delivery	 of	 T1DM	 care	 between	 LMICs	 and	
HICs15	impacting	on	outcomes	among	people	with	T1DM.

In	order	to	develop	tailored	health	system	responses,	an	
overview	of	existing	interventions	at	different	levels	of	the	
health	system	is	needed.	Therefore,	the	aim	of	this	scoping	
review	was	to	identify	and	describe	existing	interventions	
developed	to	improve	the	management	of	T1DM	globally.

2 	 | 	 RESEARCH DESIGN AND 
METHODS

We	 conducted	 a	 scoping	 review	 to	 systematically	 map	
health	 systems	 interventions	 for	 T1DM	 management	 as	

well	as	 to	describe	 the	 interventions’	characteristics	and	
identify	potential	gaps	in	existing	evidence	such	as	under-
studied	components	of	interventions.

A	scoping	review	was	conducted	rather	than	a	system-
atic	review	as	it	allowed	us	to	map	the	existing	evidence	
and	to	identify	and	analyse	knowledge	gaps,	rather	than	
providing	 a	 summary	 of	 the	 evidence	 around	 an	 spe-
cific	question.16	The	reporting	of	the	results	followed	the	
PRISMA	Extension	for	Scoping	Reviews	(PRISMA-	ScR).17

2.1	 |	 Eligibility criteria

We	included	all	 studies	 that	assessed	health	 systems	 in-
terventions	 through	 quasi-	experimental	 or	 experimental	
designs,	whose	full-	text	articles	were	available	in	English,	
Spanish,	 Portuguese	 or	 French.	 We	 defined	 health	 sys-
tem	interventions	as	‘those	that	address	barriers	and	con-
straints	 at	 different	 levels	 of	 the	 health	 system	 with	 the	
overall	goal	of	 improving	health	outcomes’	according	 to	
the	WHO	guidelines.18	Thus,	we	included	complex	inter-
ventions	aiming	to	improve	the	health	system	performance	
(delivery	 of	 care,	 financial	 or	 government	 arrangement	
and	implementation	strategies)19	and	excluded	studies	fo-
cusing	solely	on	drugs	or	medical	technologies’	efficacy.

2.2	 |	 Search strategy

To	 identify	 potentially	 relevant	 scientific	 articles,	 we	
searched	 the	 following	 databases:	 MEDLINE,	 Embase,	
and	Global	Health	using	the	OVID	searching	engine	in	the	

What's new?
•	 Many	health	system	interventions	for	noncom-

municable	 diseases	 focus	 on	 primary	 health-
care	 responses;	 but	 existing	 interventions	 are	
not	 necessarily	 adapted	 for	 the	 complex	 man-
agement	of	T1DM.

•	 A	 small	 fraction	 of	 studies	 were	 conducted	 in	
low-		and	middle-	income	countries.	Inter	ventions	
varied	 widely	 regarding	 strategy	 	implemented.	
Most	of	the	interventions	were	based	on	the	de-
livery	arrangement	and	had	multiple	strategies.	
Self-	management	 and	 information	 and	 com-
munication	technology	were	the	most	common	
combination	of	strategies.

•	 There	 is	a	need	 to	expand	 interventions	 to	as-
sess	their	potential	effect	on	health	outcomes	in	
people	with	T1DM.
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last	ten	years	(from	the	1st	January	2010	to	the	1st	January	
2021).	The	search	was	last	updated	the	12th	January	2021	
to	verify	our	ten-	year	search.	The	search	strategy	included	
terms	related	to	T1DM	and	health	systems	interventions	
such	as	telehealth,	financing,	insurance	coverage,	among	
others	 (See	 details	 in	 Table	 S1).	 The	 results	 from	 the	
search	were	compiled	by	one	author	who	removed	dupli-
cates	 and	 uploaded	 results	 to	 Rayyan,20	 an	 open-	source	
software	that	allows	for	collaboration	when	screening	and	
selecting	studies	for	systematic	and	scoping	reviews.

2.3	 |	 Selection of sources of evidence

Selection	 of	 scientific	 articles	 was	 conducted	 by	 two	 in-
dependent	 researchers	 after	 having	 discussions	 and	
standardize	procedures	on	how	to	identify	health	systems	
interventions	 and	 the	 inclusion	 criteria.	 After	 that,	 two	
reviewers	screened	titles,	abstracts	and	full	text	of	all	the	
publications	 identified	 in	 the	 search.	 Disagreements	 on	
study	selection	were	solved	by	consensus	and	discussion	
with	other	reviewers	if	needed.

2.4	 |	 Data charting process

A	 data-	charting	 form	 was	 developed	 in	 Excel	 by	 one	
author	and	reviewed	by	the	other	authors	to	determine	
which	 variables	 to	 extract.	 This	 chart	 was	 pilot	 tested	
and	 further	 improved	 before	 the	 data	 extraction	 pro-
cess.	Two	independent	researchers	extracted	the	follow-
ing	characteristics	from	the	studies:	first	author,	year	of	
publication,	 country,	 and	 the	 description	 of	 the	 inter-
vention	using	the	Template	for	Intervention	Description	
and	 Replication	 (TIDieR)	 checklist,	 and	 the	 outcomes	
reported.21	 The	 interventions	 were	 further	 categorized	
to	 facilitate	 presentation	 of	 results	 and	 analysis	 using	
two	 categorizations	 (1):	 the	 Effective	 Practice	 and	
Organization	 of	 Care	 (EPOC)	 taxonomy	 of	 health	 sys-
tems	 interventions:	 delivery	 arrangements,	 financial	
arrangements,	 governance	 arrangements	 and	 imple-
mentation	 strategies,19	 and	 (2)	 the	 WHO	 framework's	
six	health	system	‘building	blocks’.14

The	outcomes	were	classified	according	to	the	core	out-
comes	set	(COS)	for	clinical	trials	of	interventions	for	peo-
ple	with	T1DM.22	COS	are	‘the agreed standardized sets of 
outcomes that should be measured and reported in all clin-
ical trials for a specific health condition’,23	and	have	been	
proposed	as	a	tool	that	can	consistently	promote	usage	of	
prioritized	outcomes	allowing	results	from	different	stud-
ies	to	be	compared.

Disagreements	were	solved	by	discussion	and	consen-
sus	between	the	authors.

2.5	 |	 Synthesis of results

We	 summarized	 the	 intervention	 components	 according	
the	 EPOC	 taxonomy	 and	 WHO’s	 health	 system	 building	
blocks	using	absolute	and	relative	frequencies.	Additionally,	
to	assess	 the	composition	of	 the	 interventions	 in	 terms	of	
the	EPOC	taxonomy	categories	and	subcategories,	we	con-
structed	a	network	visualization	approach	using	the	Gephi	
software.24	 To	 assess	 the	 combinations	 of	 components,	
we	 conducted	 a	 network	 analysis	 using	 nodes	 and	 edges.	
Nodes	are	circles	that	represent	each	component	based	on	
the	EPOC	taxonomy	whose	size	is	determined	by	the	num-
ber	of	components	that	specific	component	is	connected	to	
(degree).	Edges,	on	 the	other	hand,	are	 lines	 that	connect	
two	nodes	whose	width	represent	the	frequency	both	com-
ponents	are	present	in	an	intervention.	Thus,	thicker	edges	
show	 that	 those	 components	 have	 been	 used	 together	 in	
more	studies	when	contrasted	to	thinner	edges.

3 	 | 	 RESULTS

We	identified	a	total	of	1487	records	through	the	database	
search	and	included	171	records	that	reported	results	on	
159	 interventions	 (See	 Figure  1);	 60	 quasi-	experimental	
(QE)	and	99	randomized	trials	(RT).

Most	 of	 the	 studies,	 129	 (84.3%)	 were	 conducted	 in	
HICs;	 48	 of	 them	 were	 QE	 and	 87	 were	 RT.	 As	 for	 the	
studies	conducted	in	LMICs,	12	were	QE	and	12	were	RT.	
A	list	of	the	included	studies,	year	of	publication,	country	
and	study	year,	and	a	brief	summary	of	the	interventions	
can	be	found	in	Table	S2	(Quasi-	experimental)	and	Table	
S3	(Randomized	trial).	See	also	Tables	S4	and	S5	for	more	
detailed	information.

3.1	 |	 Interventions

Interventions	varied	widely	in	terms	of	the	target	popula-
tion	and	the	intervention	components.	Most	of	the	studies	
focused	 only	 on	 children	 and/or	 adolescents	 (80,	 48.2%),	
while	fewer	included	adult	patients	with	T1DM	(70,	42.2%).	
Additionally,	some	studies	targeted	other	populations	such	
as	parents	or	families	(10,	6.2%),	and	more	rarely,	child	care	
centres,	camp	counsellors	or	health	care	professionals.

Interventions	 were	 composed	 of	 different	 intervention	
strategies	that	were	classified	according	to	domains,	catego-
ries	and	subcategories	of	the	EPOC	taxonomy.	We	found	that	
117	(74.1%)	of	the	interventions	used	at	least	two	strategies,	
while	41	(25.9%)	used	only	one.	Only	1	intervention	could	
not	be	categorized	using	 the	 taxonomy	as	 it	 involved	edu-
cation	using	a	human	patient	simulator	for	diabetes	knowl-
edge	and	self-	efficacy	in	a	2-	week	diabetes	camp	stay.25
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3.2	 |	 Description of interventions 
using the EPOC taxonomy

Using	the	EPOC	taxonomy,	we	found	that	most	of	 the	 in-
terventions	(157,	98.7%)	included	a	strategy	classified	within	
the	Delivery	Arrangements	domain	focused	on	the	category	
‘who	 provides	 care	 and	 how	 the	 healthcare	 workforce	 is	
managed’,	the	most	frequent	category	(142,	89.3%	of	all	the	
included	studies),	followed	by	‘information	and	communi-
cation	technology’	(ICT)	(88,	55.4%),	‘where	care	is	provided	
and	changes	to	health	environment’	(30,	18.9%),	‘coordina-
tion	of	 care	and	management	of	 care	process’	 (26,	16.4%),	
and	 ´how	and	when	care	is	delivered´	(22,	13.8%).	Only	11	
(7%)	of	the	studied	interventions	included	implementations	
strategies	and	2	(1.3%)	financial	arrangements	domains.26–	28

3.3	 |	 Delivery arrangements— Who 
provides care and how the healthcare 
workforce is managed

For	 the	 most	 common	 category	 ‘who	 provides	 care	
and	 how	 the	 healthcare	 workforce	 is	 managed’,	 self-	
management	 was	 the	 most	 common	 subcategory	 (149,	

93.7%).	The	actions	included	structured	education	pro-
grams	 for	 patients	 or	 self-	monitoring	 of	 blood	 glucose	
and	 provision	 of	 equipment	 such	 as	 glucometers	 and/
or	 continuous	 glucose	 monitoring	 devices.	 Some	 stud-
ies	included	patients	using	insulin-	pumps	and	provided	
education	 on	 how	 to	 assess	 the	 parameters	 and	 feed-
back	 related	 to	 the	 use	 of	 this	 device.	 The	 education	
programs	aimed	to	enhance	knowledge	and	self-	efficacy	
so	 patients	 and	 parents	 become	 capable	 of	 conducting	
day-	to-	day	diabetes	care.	Role	expansion	or	task	shifting	
subcategories	 were	 less	 frequent	 (4,	 2.5%)29–	33	 and	 in-
cluded	task	shifting	to	specialized	nurses	or	community	
health	care	workers.

3.4	 |	 Delivery arrangements— 
Information and 
communication technology

ICT	 interventions	 were	 the	 second	 most	 common	 cat-
egory	 of	 interventions	 and	 included	 telemedicine	 (55,	
34.6%)	with	the	intervention	either	using	SMS,	phone	or	
video	 calls	 to	 provide	 educational	 content,	 reminders	 to	
conduct	self-	monitoring	or	to	get	medical	appointments,	

F I G U R E  1  PRISMA	flowchartIdentification of studies via databases and registers
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follow-	up	consultations	to	modify	treatment,	among	oth-
ers.	This	subcategory	was	followed	by	the	use	of	informa-
tion	 and	 communication	 technologies	 subcategory	 (52,	
32.7%)	 which	 included	 apps	 or	 websites	 where	 patients	
could	 upload	 their	 self-	monitoring	 information	 and	 re-
ceive	feedback	from	health	care	professionals,	and	access	
to	 educational	 material	 or	 discussion	 forums	 with	 peers	
and	health	care	providers.	Finally,	smart	home	technolo-
gies	subcategory	(33,	20.8%)	included	glucose	meters,	con-
tinuous	glucose	monitoring	systems,	insulin	pumps,	and	
smartphones	with	apps.

3.5	 |	 Delivery arrangements– Where 
care is provided and changes to health 
environment

As	for	interventions	related	to	the	category	‘where	care	is	
provided	and	changes	to	health	environment’,	we	found	
articles	that	assessed	changes	in	the	site	where	care	is	de-
livered	 (26,	 16.3%)	 including	 usage	 of	 online	 platforms,	
home	 or	 school	 visits,	 diabetes	 camps,	 family	 houses	
within	the	hospital	premises,	among	others,	and	outreach	
services	 (8,	 5.0%)	 which	 included	 offering	 retinopathy	
screening	 through	 different	 communication	 channels,	
T1DM	 awareness	 campaigns	 in	 the	 community,	 among	
others.26,34–	40

3.6	 |	 Delivery arrangements— 
Coordination of care and management of 
care process

Within	 the	 ‘coordination	 of	 care	 and	 management	 of	
care	 process’	 category,	 the	 following	 subcategories	 were	
present:	 disease	 management	 (7,	 4.4%),	 communication	
between	 providers	 (6,	 3.8%),	 shared	 decision	 making	 (5,	
3.1%),	case	management	(4,	2.5%),	integration	(4,	2.5%),	re-
ferral	systems	(3,	1.9%),	teams	(2,	1.3%),	transition	of	care	
(2,	1.3%),	continuity	of	care	(1,	<0.1%)41;	patient-	initiated	
appointment	 systems	 (1,	 <0.1%)42;	 and	 package	 of	 care	
(1,	<0.1%).43	Interventions	were	usually	multicomponent	
and	included	a	wide	range	of	modification	of	the	system	
from	 disease	 management	 programs	 that	 included	 im-
provement	 of	 communication	 between	 providers,	 teams	
and	integration	of	services	(e.g.	adding	psychological	sup-
port	through	coaching	or	cognitive	behavioral	therapy	on	
top	 of	 usual	 endocrinologist-	led	 care)	 to	 shared-	medical	
appointments	(different	health	care	professionals	and	one	
patient	and/or	family),	to	interventions	related	to	transi-
tion	of	care	(education	and	reminders	to	follow-	up	medi-
cal	 appointments)	 targeting	 adolescents	 transitioning	 to	
adult	care.

3.7	 |	 Delivery arrangements— How and 
when care is delivered

The	category	of	‘how	and	when	care	is	delivered’	included	
the	following	subcategories:	group	versus	individual	care	
(8,	5.0%),	coordination	of	care	amongst	different	provider	
(6,	3.7%),	quality	and	safety	systems	(5,	3.1%),	and	triage	
(2,	1.3%).	Interventions	were	heterogeneous	and	included	
group-	based	 education,	 coaching	 or	 psychological	 sup-
port,	coordination	between	paediatric	and	adult	diabetes	
care,	among	others.

3.8	 |	 Implementation strategies

As	for	the	‘implementations	strategies’	category,	we	found	
one	intervention	that	aimed	at	organizational	culture	(1,	
<0.1%)	 through	 training	 for	 primary	 care	 personnel	 in	
diabetes	 management.44	 Additionally,	 ‘interventions	 tar-
geted	at	healthcare	workers’	category	included	audit	and	
feedback	(3,	1.9%),	educational	materials	(2,	1.3%),	routine	
patient-	reported	outcome	measures	(2,	1.3%),	monitoring	
the	performance	of	the	delivery	of	healthcare	(1,	<0.1%)44;	
educational	outreach	visits	(1,	<0.1%)45;	clinical	practice	
guidelines	 (1,	 <0.1%)46;	 patient-	mediated	 interventions	
(1,	<0.1%)47;	tailored	interventions	(1,	<0.1%)48;	and	inter-
ventions	targeted	at	health	conditions	(1,	<0.1%).44

3.9	 |	 Financial arrangement

Financial	 arrangement	 was	 the	 least	 frequently	 studied	
domain	and	included	two	subcategories;	co-	payments	for	
retinopathy	screening	(1,	<0.1%),26	and	conditional	cash	
transfers	 related	 to	 complying	 with	 self-	monitoring	 (1,	
<0.1%).27	 We	 did	 not	 find	 studies	 focusing	 on	 interven-
tions	tackling	governance	arrangements.

3.10	 |	 Network of intervention strategies

The	 network	 analysis	 is	 presented	 in	 Figure  2.	 Self-	
management	 was	 the	 subcategory	 which	 was	 combined	
with	 others	 most	 frequently,	 followed	 by	 telemedicine,	
use	of	information	and	site	of	service	delivery,	represented	
by	 the	 largest	 nodes.	 Subcategories	 included	 within	 the	
financial	 arrangements	 and	 implementation	 strategies	
domain	 (e.g.	 educational	 materials,	 outreach	 and	 meet-
ings)	 were	 seldomly	 combined	 with	 other	 intervention	
strategies.	Also,	 some	subcategories	 included	within	 the	
delivery	arrangements	categories	such	as	referral	systems,	
continuity	of	care,	patient-	initiated	appointments	or	tran-
sition	of	care	were	also	rarely	combined	with	others.
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Additionally,	 we	 found	 that	 the	 most	 common	 com-
binations	 of	 intervention	 subcategories	 included	 self-	
management	with	either	telemedicine,	use	of	information	
and	smart	home	 technologies,	 represented	by	 the	 thicker	
edges.	 Financial	 arrangement	 interventions	 were	 some-
what	neglected.	As	an	example,	co-	payment	for	retinopathy	
screening	was	combined	with	outreach	services	and	condi-
tional	cash	transfer	were	combined	with	self-	management,	
smart	home	technologies	and	telemedicine.26

3.11	 |	 Description of interventions 
using the WHO building blocks

When	 categorizing	 the	 studies	 using	 the	 WHO	 health	
system	building	blocks,	the	vast	majority	137	(86.2%)	in-
volved	 service	 delivery,	 11	 (12.0%)	 health	 information	
systems,	6	 (3.8%)	health	workforce,	and	1	(0.6%)	 financ-
ing.	While,	4	interventions	were	not	classified	within	the	
building	blocks.	Service	delivery	changes	were	mainly	re-
lated	 to	 transferring	 care	 to	 patients	 (self-	management),	
using	telemedicine	or	moving	care	to	places	different	than	

the	specialist	consulting	room	(primary	health	care	level,	
community	settings	such	as	schools,	etc.),	thus	changing	
the	place,	the	way	or	who	delivers	a	service.

Interventions	 that	 included	 the	 information	 systems	
block	used	electronic	medical	records	to	improve	commu-
nication	between	providers,	but	also	apps	or	web	platforms	
to	 facilitate	 exchange	 of	 information	 between	 patients	
and	healthcare	providers	which	was	mostly	related	to	self-	
monitoring	of	glucose.	As	for	health	workforce,	interven-
tions	aimed	to	increase	awareness	of	T1DM	in	healthcare	
professionals	and	community	members	(e.g.	school	teach-
ers)	and	involve	them	in	the	care	of	patients	with	T1DM.	
Finally,	only	one	intervention	aimed	to	modify	the	financ-
ing	block	by	introducing	co-	payment	of	care,26	and	we	did	
not	find	interventions	focusing	on	access	to	essential	med-
icines	or	leadership/governance.

3.12	 |	 Outcomes

Studies	 assessed	 several	 outcomes:	 125	 (78.6%)	 studied	
glycated	 haemoglobin,	 73	 (45.9%)	 self-	management,	 53	

F I G U R E  2  Network	of	intervention	subcategories	according	to	the	EPOC	taxonomy.	The	figure	presents	a	network	of	the	intervention	
strategies.	Each	circle	represents	a	subcategory	based	on	the	EPOC	taxonomy,	the	size	of	the	circle	is	determined	by	the	degree	which	is	the	
number	of	subcategories	that	specific	subcategory	is	connected	to,	and	the	width	of	the	edges	represent	the	frequency	both	subcategories	are	
present	in	an	intervention

Delivery arrangements Implementa�on strategies Financial arrangements
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(33.3%)	diabetes-	related	quality	of	 life,	30	 (18.9%)	diabe-
tes	distress	and	burden,	27	(17.0%)	severe	hypoglycaemia,	
24	 (15.1%)	 perceived	 control	 over	 diabetes,	 17	 (11.7%)	
clinic	 engagement	 and	 12	 (7.6%)	 diabetes	 ketoacidosis.	
Most	 studies,	 109	 (68.6%),	 assessed	 two	 or	 more	 out-
comes	while	44	(27.7%)	assessed	only	one	and	6	(3.8%)	as-
sessed	other	outcomes	not	included	in	the	COS	for	T1DM	
interventions.

4 	 | 	 DISCUSSION

This	 review	 identified	 159	 health	 system	 interventions	
to	improve	T1DM	management.	Over	half	of	the	studies	
focused	only	on	children	or	adolescents	with	type	1	dia-
betes.	Only	a	small	fraction	of	the	studies	was	conducted	
in	LMICs,	mainly	in	countries	like	Brazil	or	China.	This	
poses	 a	 concern	 given	 that	 interventions	 developed	 and	
implemented	in	HICs	might	not	be	necessarily	suited	or	fi-
nancially	viable	for	LMICs.	Moreover,	the	socioeconomic	
environment	in	which	people	with	T1DM	live	might	also	
impact	on	the	final	outcomes	and	therefore	the	effective-
ness	of	interventions.	According	to	the	EPOC	taxonomy,	
interventions	 varied	 widely	 with	 regards	 to	 the	 strategy	
implemented.	The	most	 frequently	studied	category	was	
delivery	 arrangement	 interventions,	 while	 implementa-
tions	 strategies	 and	 financial	 arrangements	 the	 less	 fre-
quently	studied.	Moreover,	we	did	not	find	studies	using	
governance	arrangements	domains.

Most	 of	 the	 interventions	 had	 multiple	 interventions	
strategies	and	self-	management	and	ICT	(either	telemed-
icine,	 use	 of	 information	 and	 smart	 home	 technologies)	
were	 the	 most	 common	 combination	 of	 strategies.	 As	
for	the	composition	of	the	studied	interventions,	most	of	
them	included	self-	management	with	some	ICT	support.	
The	 rationale	 of	 these	 interventions	 was	 patients	 with	
chronic	conditions	such	as	T1DM	should	be	able	to	man-
age	 their	 disease,	 including	 self-	monitoring	 and	 modifi-
cation	of	insulin	doses	based	on	glucose	measures.	Thus,	
several	 of	 the	 self-	management	 interventions	 included	
structured	education	programs	facilitated	either	through	
face-	to-	face,	virtual	platforms	and	app	coupled	with	self-	
monitoring.	 Additionally,	 some	 of	 the	 interventions	 in-
cluded	apps	or	virtual	platforms	to	keep	track	of	glucose	
measures	and	share	the	results	with	physicians.	It	is	left	to	
explore	how	to	best	adapt	educative	interventions	for	low-	
literate	communities	and	to	assess	whether	is	 it	possible	
to	couple	ICT	in	resource	constrains	settings	were	internet	
access	is	sometimes	an	issue.

Studies	 assessing	 financial	 arrangements	 and	 some	
implementation	 strategies	 focused	 on	 health	 care	 pro-
fessionals	were	less	frequent.	In	the	case	of	 financial	ar-
rangements,	 they	 were	 focused	 on	 monetary	 incentives	

for	self-	monitoring	of	glucose.26,27	Little	to	no	information	
was	found	regarding	insurance	coverage	of	insulin	or	glu-
cose	 monitoring	 devices	 which	 might	 be	 an	 issue	 in	 re-
source	constrained	settings.	We	then	suggest	the	reporting	
and	publication	of	the	assessment	of	implementation	and	
clinical	outcomes	for	interventions	involving	financial	ar-
rangements,	governance	arrangements	and	implementa-
tion	strategies	as	this	information	could	facilitate	decision	
making	processes	in	different	contexts.

We	also	found	that	around	one	fifth	of	the	interventions	
included	people	with	either	T1DM	or	T2DM,	which	sug-
gests	 that	 some	 interventions	might	be	suitable	 for	both	
populations	 when	 treating	 adults	 with	 diabetes	 or	 that	
the	number	of	people	with	T1DM	is	small	so	researchers	
decided	to	combine	both	populations.	On	the	other	hand,	
some	 interventions	 were	 developed	 exclusively	 for	 chil-
dren	 or	 adolescents	 with	 T1DM	 targeting	 special	 issues	
such	as	self-	monitoring	or	hypoglycaemia	recognition	and	
management	 (e.g.	 using	 interactive	 platforms	 or	 forums	
to	 exchange	 experiences	 with	 people	 their	 age).	 Thus,	
depending	 on	 the	 intervention's	 objective,	 tailoring	 ac-
cording	to	the	type	of	diabetes	or	the	age	group	might	be	
needed.

4.1	 |	 Strengths and limitations  
of the review

We	used	a	systematic	approach	to	search,	select	and	ex-
tract	 the	 information	 which	 allowed	 us	 to	 have	 a	 better	
understanding	of	what	health	systems	interventions	have	
been	 studied.	 Moreover,	 we	 used	 the	 EPOC	 taxonomy	
which	has	been	validated	and	widely	used,	and	the	WHO	
health	system	building	blocks	that	allowed	us	to	identify	
which	blocks	of	the	health	systems	have	been	targeted	in	
recent	 studies.	 However,	 when	 using	 a	 taxonomy	 such	
as	EPOC,	we	face	the	taxonomy's	limitations	such	as	the	
variable	level	of	detail	provided	for	each	category	and	the	
confounding	 of	 content,	 delivery	 mode	 and	 provider	 for	
some	of	the	categories.49	For	this	reason,	we	opted	to	de-
scribe	the	intervention	in	detail	using	the	TIDieR	and	this	
information	can	be	accessed	by	the	readers	(see	Tables	S4	
and	S5).	Finally,	we	used	a	COS	for	DM	to	systematically	
classify	outcomes.

Our	study	has	some	limitations	related	to	study	selec-
tion	as	we	excluded	gray	literature	such	as	governmental	
reports	which	might	contain	information	related	to	imple-
mented	strategies.	However,	we	do	not	consider	this	may	
affect	our	results	because	we	aimed	to	find	and	describe	
existing	 interventions	 which	 may	 be	 implementable	 in	
different	 settings.	 In	 addition,	 usually	 interventions	 are	
published	in	manuscripts.	We	excluded	studies	published	
in	a	language	other	than	English,	Spanish,	Portuguese	or	
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French.	This	might	have	prevented	us	from	finding	stud-
ies	 published	 in	 other	 commonly	 spoken	 languages	 and	
conducted	 in	 other	 regions	 with	 different	 health	 system	
interventions	 that	 might	 have	 been	 of	 interest	 for	 the	
scoping	review.

4.2	 |	 Implications of results

Based	on	 the	 findings	of	 the	scoping	review,	 the	 follow-
ing	evidence	gaps	have	been	 identified.	Firstly,	very	 few	
studies	focusing	on	health	system	interventions	have	been	
conducted	in	LMICs.	Although	in	both	HIC	settings	and	
LMIC	 settings	 financial	 barriers	 to	 care	 exist,12,15,50	 very	
few	 studies	 focused	 on	 financial	 arrangements.	 In	 look-
ing	 at	 the	 outcomes	 few	 studies	 provide	 information	 on	
patient-	reported	outcomes.

COS	 are	 relevant	 as	 they	 propose	 outcomes	 relevant	
for	important	stakeholders	to	be	consistently	measured	so	
that	evidence	can	be	used	for	decision-	making	such	as	de-
ciding	whether	or	not	to	implement	an	intervention.23	In	
the	case	of	studies	assessing	health	systems	interventions	
to	improve	T1DM	care,	we	found	that	most	of	the	studies	
focused	 on	 glycated	 haemoglobin	 and	 only	 a	 small	 frac-
tion	measured	patient	reported	outcomes	such	as	quality	
of	 life	 or	 disease-	related	 burden.	 This	 prevents	 decision-	
makers	 from	 considering	 the	 impact	 of	 interventions	 in	
outcomes	 other	 than	 glycated	 haemoglobin	 when	 devel-
oping	and	implementing	a	health	system	intervention	for	
this	condition.	A	potential	consequence	of	this	may	involve	
health	systems	not	responding	to	the	needs	of	subjects	with	
T1DM,	but	focusing	only	on	clinical	outcomes,	which	can,	
in	turn,	impact	on	the	continuity	of	care	of	T1DM	patients.	
Additionally,	severe	hypoglycaemia	was	measured	in	 less	
than	a	fifth	of	the	studies,	being	one	of	the	most	important	
complications	of	T1DM,	it	is	expected	that	health	systems	
interventions	include	strategies	to	prevent	it.

The	 launch	 of	 the	 Global	 Diabetes	 Compact51	 and	
the	World	Health	Assembly	Resolution,	“Reducing	the	
burden	of	noncommunicable	diseases	through	strength-
ening	prevention	and	control	of	diabetes”52 specifically	
make	reference	to	addressing	the	needs	of	people	with	
T1DM,	 in	 parallel	 to	 improving	 access	 to	 insulin	 and	
care.	 From	 this	 review	 in	 developing	 health	 system	
interventions	 for	 T1DM	 management,	 two	 important	
issues	need	to	be	carefully	assessed:	tailoring	of	the	in-
tervention	 (related	 to	 the	 type	 of	 intervention	 and	 to	
the	 age	 group	 of	 the	 target	 population)	 and	 the	 need	
to	 include	 multiple	 intervention	 strategies.	 Therefore,	
in	order	to	have	successful	interventions	a	good	under-
standing	of	 the	context	 should	guide	 the	development	
of	 the	 intervention	 and	 the	 inclusion	 of	 intervention	
strategies	 as	 well	 as	 focusing	 on	 how	 to	 integrate	 the	

perspective	 of	 those	 who	 will	 implement	 and	 benefit	
from	the	intervention.

In	summary,	we	conducted	a	scoping	review	of	health	
system	 interventions	 for	 T1DM	 and	 found	 that	 most	 of	
the	 more	 recent	 interventions	 are	 in	 HICs	 compared	 to	
LMICs	despite	the	burden	of	T1DM	is	greater	in	resource-	
constrained	settings.	Most	of	the	interventions	are	focused	
on	delivery	arrangements	strategies,	with	special	empha-
sis	on	self-	management	and	technology	use.	Additionally,	
the	most	common	combination	of	intervention	strategies	
included	self-	management	with	either	telemedicine,	use	
of	 information	 and	 smart	 home	 technologies.	 We	 con-
clude	 that	 there	 is	 a	 need	 to	 expand	 potential	 interven-
tions	 to	 other	 EPOC	 strategies	 to	 assess	 their	 potential	
effect	on	health	outcomes	in	T1DM	subjects,	as	well	as	to	
involve	more	LMIC	settings	as	the	impact	may	be	greater	
in	these	settings.
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