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Abstract
Objective: To	test	the	hypotheses	that	use	of	the	Head CT Choice	decision	aid	would	
be	similarly	effective	 in	all	parent/patient	dyads	but	parents	with	high	 (vs	 low)	nu‐
meracy	experience	a	greater	 increase	 in	knowledge	while	 those	with	 low	 (vs	high)	
health	literacy	experience	a	greater	increase	in	trust.
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1  | INTRODUC TION

Shared	decision	making	(SDM)	aims	to	improve	health‐care	quality	by	
involving	patients,	parents	and	clinicians	in	medical	decisions.	Decision	
aids	(DAs),	patient‐centred	tools	that	facilitate	SDM,	have	been	shown	
to	improve	patients’	knowledge,	decrease	decisional	conflict	and	en‐
hance	 patient	 engagement	 in	 decision	 making.1‐5	 Although	 SDM	 is	
an	emerging	trend	in	paediatrics,	few	interventions	to	promote	SDM	
in	paediatric	emergency	care	have	been	rigorously	studied.5	Further,	
there	 is	 limited	 research	 on	 the	 impact	 of	 SDM	 in	 various	 popula‐
tion	subgroups	such	as	those	with	low	health	literacy	or	numeracy	or	
among	individuals	of	different	ethnic/racial	groups.

Recently,	 a	 multicentre	 randomized	 trial	 evaluated	 the	 impact	
of	a	DA,	Chest	Pain	Choice,	 in	patients	with	chest	pain	at	 low	risk	
for	acute	coronary	syndrome.	In	a	planned	secondary	analysis,	the	
DA	aided	all	subgroups	to	a	similar	extent,	with	greater	knowledge	
transfer	in	patients	with	high	numeracy	and	greater	physician	trust	
in	patients	with	 low	health	 literacy.6	A	qualitative	study	of	African	
American	 patients	 with	 diabetes	 further	 explores	 the	 relation‐
ship	 between	 shared	 decision	making	 and	 patient	 trust.7	 In	 focus	
groups	 and	 in‐depth	 interviews,	 participants	 revealed	 concerns	

about	potential	racial	bias	and	whether	their	physician	might	with‐
hold	medical	information	from	them.	At	the	same	time,	patients	de‐
scribed	specific	physician	shared	decision‐making	behaviours,	such	
as	information	sharing	and	discussing	the	pros	and	cons	of	treatment	
options,	as	enhancers	of	patient	trust.	Guided	by	these	insights,	the	
authors	 proposed	 a	 conceptual	model	 in	which	 both	 shared	 deci‐
sion‐making	behaviours	and	race	independently	influence	physician	
trust	(Figure	1).	In	this	model,	the	information	sharing,	deliberation	
and	decision‐making	domains	of	shared	decision	making	have	poten‐
tial	to	enhance	patient	trust,	even	in	the	context	of	racial	and	cultural	
differences	between	patients	and	their	physicians.

A	recently	completed	multicentre	randomized	trial	evaluating	the	
impact	of	a	DA	in	parents	of	children	with	minor	head	trauma,	‘Head CT 
Choice’,	offers	a	unique	opportunity	to	evaluate	potential	subgroup	ef‐
fects	of	a	DA	in	the	context	of	paediatric	emergency	care.	In	this	trial,	
172	clinicians	caring	for	971	children	at	intermediate	risk	for	clinically	
important	traumatic	brain	injuries	(ciTBIs)	were	cluster‐randomized	to	
SDM	facilitated	by	a	DA	or	to	usual	care.	Similar	to	what	has	been	ob‐
served	in	adult	SDM	trials,1‐3	parents	randomized	to	shared	decision	
making	had	greater	knowledge,	less	decisional	conflict	and	were	more	
engaged	in	decision	making	compared	to	usual	care.8

Outcomes	Research	Institute	(PCORI)	
Award	(Contract	12‐11‐4435).	The	views	
presented	in	this	publication	are	solely	
the	responsibility	of	the	author(s)	and	do	
not	necessarily	represent	the	views	of	
the	Patient‐Centered	Outcomes	Research	
Institute	(PCORI),	its	Board	of	Governors	or	
Methodology	Committee.

Methods: This	was	a	secondary	analysis	of	a	cluster	randomized	trial	conducted	at	
seven	sites.	One	hundred	seventy‐two	clinicians	caring	for	971	children	at	intermedi‐
ate	risk	 for	clinically	 important	 traumatic	brain	 injuries	were	randomized	to	shared	
decision	making	facilitated	by	the	DA	(n	=	493)	or	to	usual	care	(n	=	478).	We	assessed	
for	subgroup	effects	based	on	patient	and	parent	characteristics,	including	socioeco‐
nomic	status	(health	literacy,	numeracy	and	income).	We	tested	for	interactions	using	
regression	models	with	indicators	for	arm	assignment	and	study	site.
Results: The	decision	aid	did	not	increase	knowledge	more	in	parents	with	high	nu‐
meracy	 (P	 for	 interaction	 [Pint]	=	0.14)	or	physician	 trust	more	 in	parents	with	 low	
health	literacy	(Pint	=	0.34).	The	decision	aid	decreased	decisional	conflict	more	in	non‐
white	parents	(decisional	conflict	scale,	−8.14,	95%	CI:	−12.33	to	−3.95;	Pint	=	0.05)	
and	increased	physician	trust	more	in	socioeconomically	disadvantaged	parents	(trust	
in	physician	scale,	OR:	8.59,	95%	CI:	2.35‐14.83;	Pint	=	0.04).
Conclusions: Use	of	the	Head CT Choice	decision	aid	resulted	in	less	decisional	conflict	
in	non‐white	parents	and	greater	physician	trust	in	socioeconomically	disadvantaged	
parents.	Decision	aids	may	be	particularly	effective	in	potentially	vulnerable	parents.

K E Y W O R D S
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F I G U R E  1  Conceptual	model	of	the	relationships	between	shared	decision	making,	race/culture	and	physician	trust.	In	this	model,	the	
shared	decision‐making	domains	of	information	sharing,	deliberation	and	decision	making	influence	physician	trust	in	addition	to	race	and	
culture.	(Reproduced	with	permission	from	Health Communications.)
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Based	on	the	summary	effect	estimates	of	DAs	published	in	two	
meta‐analyses2,5	 an	 insightful	 qualitative	 study	exploring	 the	 rela‐
tionship	between	physician	trust	and	shared	decision	making,7 and a 
recent	subgroup	analysis	of	the	effects	of	a	DA	in	adults	with	chest	
pain,6	we	hypothesized	 that	use	of	 the	Head CT Choice DA would 
be	similarly	effective	in	all	parent/patient	dyads	but	would	increase	
knowledge	more	in	parents	with	high	numeracy	and	increase	physi‐
cian	trust	more	in	parents	with	low	health	literacy.

2  | DESIGN AND METHODS

2.1 | Study design

This	was	 a	 planned	 secondary	 analysis	 of	 a	 SDM	 trial	 in	 parents	 of	
children	with	minor	head	trauma.	The	study	protocol	has	been	previ‐
ously	published.9	The	trial	was	conducted	at	seven	clinical	sites	across	
the	United	States,	including	an	academic	emergency	department	(ED)	
serving	 a	 largely	 rural	 population	 (Mayo	Clinic,	 Rochester,	MN),	 four	
academic	 EDs	 serving	 urban	 populations	 (University	 of	 California	
Davis	 Medical	 Center,	 Sacramento	 CA;	 University	 of	 Minnesota	
Masonic	Children's	Hospital,	Minneapolis,	MN;	Nationwide	Children's	
Hospital,	 Columbus,	 Ohio;	 and	 Boston	 Children's	 Hospital,	 Boston,	
Massachusetts)	and	two	community	paediatric	EDs	serving	urban/sub‐
urban	populations	(Children's	Hospitals	and	Clinics	of	Minnesota	EDs	
in	 Minneapolis	 and	 Saint	 Paul,	 Minnesota,	 respectively).	 Emergency	
clinicians	caring	for	patients	at	 intermediate	risk	for	ciTBI	were	rand‐
omized	to	use	the	DA	or	to	usual	care.	Approval	to	conduct	the	trial	
was	obtained	from	the	Institutional	Review	Board	at	each	participating	
site.	Written	 informed	consent	was	obtained	 from	each	participating	
clinician	and	parent,	and	assent	was	obtained	from	children	12	years	or	
older	prior	to	enrolment.

2.2 | Participants

Eligible	patients	included	children	(<18	years	old)	seen	in	the	ED	for	
minor	 blunt	 head	 trauma,	 defined	 as	 a	 Glasgow	 Coma	 Scale	 (GCS)	
score	of	15	after	non‐negligible	traumatic	mechanisms	(ie,	excluding	
ground‐level	falls	and	running	into	stationary	objects)	within	24	hours	
of	injury.	Eligible	patients	had	1	or	2	Pediatric	Emergency	Care	Applied	
Research	Network	(PECARN)	intermediate	risk	factors	for	ciTBI.10

2.3 | Study treatments

2.3.1 | Intervention clinicians

The	Head CT Choice	DA	was	developed	in	Rochester,	MN,	USA,	through	
a	 participatory	 action	 research	 methodology	 that	 involved	 eliciting	
input	 from	a	multidisciplinary	 investigative	 team	 including	clinicians,	
health	 services	 researchers,	 a	 graphic	designer,	 a	 radiation	physicist	
and	parent	stakeholders.	An	initial	DA	prototype	was	designed	based	
on	input	from	the	investigative	team	and	subsequently	refined	based	
on	feedback	received	from	parents	and	clinicians	after	use	in	clinical	

encounters.	 Full	 details	 of	 the	DA	 development	 process	 have	 been	
described	previously.9	The	DA	can	be	accessed	at	https	://share	ddeci	
sions.mayoc	linic.org/decis	ion‐aid‐infor	matio	n/head‐ct‐choice‐decis	
ion‐aid/.

After	enrolment,	study	coordinators	calculated	the	patient's	pre‐
cise	PECARN	risk	estimate	of	ciTBI	 (calculated	based	on	the	pres‐
ence	or	absence	of	individual	PECARN	clinical	predictors	in	isolation,	
as	well	as	combinations	of	predictors10)	and	provided	 intervention	
clinicians	a	DA	corresponding	to	the	individual	patient's	level	of	risk.	
Research	staff	offered	intervention	clinicians	a	brief,	just‐in‐time	re‐
fresher	of	DA	content	and	use	 just	prior	 to	 the	clinical	encounter.	
Clinicians	then	brought	the	DA	to	the	bedside	and	used	it	during	the	
clinical	encounter	to	facilitate	a	SDM	discussion	with	the	parents.

2.3.2 | Usual care clinicians

For	 patients	 whose	 clinicians	 were	 randomized	 to	 usual	 care,	 re‐
search	 assistants	 instructed	 the	 clinicians	 to	 discuss	management	
options	 with	 parents	 according	 to	 each	 clinician's	 usual	 fashion.	
Clinicians	in	the	usual	care	arm	were	blinded	to	the	precise	risk	esti‐
mates	for	ciTBI	calculated	from	the	PECARN	head	injury	public	ac‐
cess	database	and	did	not	have	access	to	the	DA.	The	usual	care	arm	
was	not	standardized.

2.4 | Data collection

Data	documenting	the	process	of	screening	and	enrolment	were	col‐
lected	in	compliance	with	CONSORT	guidelines.11	Patient	character‐
istics	 collected	 included	 the	 sex	and	age	of	 the	 child	 as	well	 as	 the	
number	and	type	of	PECARN	risk	factors	for	ciTBI.	Parent	characteris‐
tics	collected	included	their	race,	highest	level	of	education,	health	lit‐
eracy,	numeracy	and	annual	household	income.	We	also	recorded	the	
number	of	parents	present	during	the	encounter	(father	only,	mother	
only	and/or	both	parents).	Outcome	data	analysed	in	this	report	were	
obtained	from	video	and	audio	recordings	of	the	parent‐clinician	en‐
counter,	a	pre‐encounter	parent	survey,	a	post‐encounter	parent	sur‐
vey,	a	post‐encounter	clinician	survey,	review	of	the	electronic	medical	
record	and	telephone	follow‐up	initiated	7	days	after	the	ED	visit.	The	
parent	and	clinician	surveys	have	been	previously	published.9	On	the	
pre‐encounter	survey,	parent	literacy	was	assessed	using	the	subjec‐
tive	literacy	scale12,13	and	numeracy	was	assessed	using	the	subjective	
numeracy	scale.14	The	subjective	literacy	scale,	which	ranges	from	3	
to	15,	consists	of	three	items	(each	with	a	five‐point	Likert	response)	
that	were	summed	to	a	total	score	after	reverse	coding	one	item,	with	
higher	scores	indicating	higher	health	literacy.	The	subjective	numer‐
acy	 scale,	which	 quantifies	 an	 individual's	 ability	 to	 understand	 and	
use	numbers	in	daily	life,	consists	of	an	8‐item	survey.	Responses	to	
all	8	questions	were	reversed	and	averaged,	creating	an	overall	score	
ranging	from	6	to	48,	with	higher	scores	indicating	higher	numeracy.	
The	 post‐encounter	 parent	 survey	 collected	 data	 assessing	 parents’	
knowledge	regarding	their	child's	risk	for	ciTBI	and	the	available	man‐
agement	options.

https://shareddecisions.mayoclinic.org/decision-aid-information/head-ct-choice-decision-aid/
https://shareddecisions.mayoclinic.org/decision-aid-information/head-ct-choice-decision-aid/
https://shareddecisions.mayoclinic.org/decision-aid-information/head-ct-choice-decision-aid/


66  |     SKAINS et Al.

2.5 | Outcomes

The	primary	outcome,	which	was	selected	by	parent	stakeholders,	
was	parent	knowledge	regarding	their	child's	risk	for	ciTBI	and	the	
available	diagnostic	options.	Parent	knowledge	was	assessed	by	im‐
mediate	 post‐visit	 survey.	 Secondary	 outcomes,	 also	 obtained	 by	
post‐visit	survey,	included	the	degree	of	uncertainty	parents	expe‐
rienced	related	to	choosing	between	diagnostic	options	with	which	
they	were	unfamiliar	using	the	validated	Decisional	Conflict	Scale	
(DCS)15	and	parents’	trust	in	their	clinician	measured	using	the	vali‐
dated	Trust	 in	Physician	Scale	 (TPS).16	Trained	research	assistants	
viewed	encounter	video	recordings	to	assess	the	degree	to	which	
clinicians	 engaged	 parents	 in	 the	 decision‐making	 process	 using	
the	12‐item	 ‘observing	patient	 involvement’	 (OPTION)	 scale.17	To	
measure	health‐care	utilization,	data	were	collected	on	the	propor‐
tion	of	children	who	underwent	cranial	CT	scanning	during	the	ED	
visit,	the	most	immediate	utilization	decision.	Finally,	the	safety	of	
DA	use	was	assessed	by	comparing	the	rate	of	ciTBI	in	each	arm	of	
the	trial.

2.6 | Subgroups

We	dichotomized	 parent	 and	 patient	 characteristics	 to	 assess	 the	
differential	effect	of	 the	DA.	The	 following	patient	characteristics	
were	dichotomized:	the	sex	and	age	in	years	(<2	years	and	2‐18	years,	
as	 there	are	 two	different	PECARN	prediction	 rules	based	on	 this	
age	 cut‐off)	 and	 the	number	of	PECARN	 risk	 factors	 (1	vs	2).	The	
following	parent	characteristics	were	also	dichotomized:	race,	high‐
est	level	of	education,	health	literacy,	numeracy,	annual	household	
income	 and	 the	 number	 of	 parents	 present	 during	 the	 encounter.	
To	 explore	 the	 differential	 effectiveness	 of	 the	 DA	 in	 potentially	
vulnerable	parents	while	simultaneously	limiting	the	risk	of	bias	as‐
sociated	with	multiple	testing,	we	created	a	combination	variable	to	
identify	a	socioeconomically	disadvantaged	parent	subgroup.	If	the	
parent	was	of	non‐white	race,	low	health	literacy	or	numeracy,	and	
low	 income	 (<$40	000),	 they	were	classified	as	 socioeconomically	
disadvantaged.	We	 dichotomized	 the	 data	 for	 two	 reasons:	 (a)	 to	
avoid	subgroups	that	were	too	small	 to	analyse	and	 (b)	 to	simplify	
the	analysis	and	interpretation	of	subgroup	effects	by	way	of	inter‐
actions.18	Classifications	 for	each	variable	were	selected	based	on	
the	distribution	of	the	data,	which	we	report	in	full,	and	conceptual	
considerations	regarding	the	mostly	likely	contrasts	to	show	hetero‐
geneity	of	effect.

Classifications	 were	 as	 follows:	 sex	 of	 the	 child	 as	 ‘Male’	 vs	
‘Female’;	 race	of	 the	child	as	 ‘White’	 vs	 ‘Non‐White’;	highest	 level	
of	parent	education	as	 ‘Less	than	or	equal	to	high	school/	General	
Education	Development	(GED)’	vs	‘Greater	than	high	school/	GED’;	
annual	household	income	as	‘Less	than	$40	000’	vs	‘Greater	than	or	
equal	 to	$40	000’;	parent	health	 literacy	as	 ‘Typical	 (≥12)’	vs	 ‘Low	
(<12)’;	parent	numeracy	as	 ‘Typical	 (≥34)’	vs	 ‘Low	(<34)’;	age	of	the	
child	as	‘Less	than	2	(<2)’	vs	‘Greater	than	or	equal	to	2	(≥2)’;	number	
of	PECARN	risk	factors	as	‘1’	vs	‘2’;	number	of	parents	present	during	
encounter	 as	 ‘1	 Parent’	 vs	 ‘2	 Parents’;	 father	 only	 present	 during	

encounter	as	‘No’	vs	‘Yes’;	mother	only	present	during	encounter	as	
‘No’	vs	 ‘Yes’;	and	socioeconomically	disadvantaged	as	 ‘No’	vs	 ‘Yes’.	
Patients/parents	missing	 a	 subgroup	 variable	were	 excluded	 from	
the	analysis	 for	 that	 subgroup.	For	 race,	 the	 ‘Other’	 category	was	
included	with	‘Non‐White’.	For	education,	the	‘Other’	category	was	
excluded	from	the	dichotomous	groups,	as	we	did	not	assume	that	
‘other’	indicated	either	of	the	two	categories.	For	the	parent(s)	pres‐
ent	 during	 the	 encounter,	 the	 ‘other’	 category	was	 excluded	 from	
the	analysis	for	that	subgroup	(n	=	8),	where	‘other’	could	indicate	a	
family	member,	caregiver	or	friend.

2.7 | Statistical analysis

Sample	 size	 and	 power	 estimates	 for	 the	 primary	 and	 secondary	
outcomes	of	 the	 trial	have	been	published	elsewhere.9	Briefly,	we	
estimated	that	enrolling	950	patients	would	provide	99%	power	to	
detect	a	16%	difference	in	parent	knowledge	between	the	DA	and	
usual	 care	 arms.	This	 percentage	difference	was	 selected	 a	priori,	
as	 it	 had	been	observed	 in	 a	 prior	 pilot	 trial	 conducted	 in	 the	ED	
setting.3	As	with	the	primary	analysis	of	the	trial,8	outcome	assess‐
ments	for	this	analysis	were	measured	using	regression	models	(lin‐
ear	for	continuous	outcomes,	multinomial	for	categorical	outcomes)	
that	 included	 indicators	 for	 arm	assignment	 and	 study	 site.	To	as‐
sess	the	effect	of	the	DA	in	each	subgroup,	we	included	an	interac‐
tion	term	for	group	assignment.	To	improve	interpretation,	we	also	
replicated	the	primary	trial	analysis	(ie,	without	an	interaction	term)	
within	each	subgroup	and	report	whether	the	group	effect	differed	
significantly	 from	 zero.	 This	 group	 effect	was	 reported	 as	 a	 coef‐
ficient	for	continuous	outcomes	and	as	odds	ratios	for	dichotomous	
or	multinomial	outcomes.

The	 analytic	 approach	 was	 informed	 by	 publication	 guide‐
lines	 for	 reporting	 subgroup	 analyses.18	 Interaction	 testing	 be‐
tween	parent/patient	characteristics	and	the	outcomes	of	parent	
knowledge,	 decisional	 conflict,	 parent	 engagement	 in	 decision	
making	and	physician	trust	were	pre‐specified,	and	a	significance	
level	of	5%	was	used	to	identify	significant	interactions	for	these	
subgroup	 effects.	 Significant	 interactions	 identified	 in	 subgroup	
analyses	that	were	not	pre‐specified	were	considered	hypothesis	
generating.	All	 analyses	were	performed	using	Stata	14.1	 (2016.	
Stata	Corporation).

The	funder	of	the	study	had	no	role	in	study	design,	data	collec‐
tion,	data	analysis,	data	 interpretation	or	writing	of	 the	report.	All	
researchers’	maintained	independence	from	the	funder	of	the	study.

3  | RESULTS

From	1	April	 2014	 to	30	 September	2016,	we	 enrolled	 and	 rand‐
omized	172	clinicians	(88	DA,	84	usual	care)	who	later	cared	for	971	
eligible	 children	 at	 intermediate	 risk	 of	 ciTBI	 (493	 DA,	 478	 usual	
care).	Data	demonstrating	 the	 fidelity	of	 screening	and	enrolment	
procedures	and	the	completeness	of	follow‐up	assessments	are	re‐
ported	elsewhere.9
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Table	1	shows	parent	and	patient	sociodemographic	character‐
istics.	The	 two	parent/patient	groups	were	similar.	More	 than	half	
of	head‐injured	children	were	white	males.	Approximately	one‐half	
of	the	parents	had	less	than	a	college	degree.	One‐third	of	parents	
reported	low	numeracy	and	one‐sixth	low	health	literacy.	Finally,	in	
the	majority	of	encounters,	there	was	only	one	parent	present.

In	 children	 with	 minor	 head	 trauma	 at	 intermediate	 risk	 of	
clinically	 important	 TBI	 according	 to	 the	 PECARN	 prediction	
rules	 (one	or	 two	 intermediate	 risk	PECARN	 factors),10	 SDM	 fa‐
cilitated	by	 the	Head CT Choice	DA	 increased	parent	knowledge,	
decreased	decisional	 conflict,	 increased	parents’	 trust	 in	 the	 cli‐
nician	 and	 facilitated	 greater	 clinician	 engagement	 of	 parents	

TA B L E  1  Baseline	characteristics

Variable Total (n = 971) Usual Care (n = 478) Decision Aid (n = 493) P value

Sex of child

Male 575	(59.1) 285	(59.6) 290	(58.8) .8

Female 396	(40.8) 193	(40.4) 203	(41.2)

Parent race

White 718	(73.9) 347	(72.6) 371	(75.3) .345

Non‐white 253	(26.1) 131	(27.4) 122	(24.7)

Parent education

Some	high	school	or	less 58	(6.0) 31	(6.5) 27	(5.5) .261

High	school	or	GED 101	(10.4) 55	(11.5) 46	(9.3)

Some	college/associates	degree 278	(28.6) 126	(26.4) 152	(30.8)

College	graduate	(4‐y) 298	(30.7) 147	(30.8) 151	(30.6)

Graduate/professional 194	(20.0) 101	(21.1) 93	(18.9)

Other 22	(2.3) 7	(1.5) 15	(3.0)

Missing 20	(2.1) 11	(2.3) 9	(1.8)

Family annual income

Less	than	$20	000 129	(13.3) 66	(13.8) 63	(12.8) .568

$20	000‐$29	999 56	(5.8) 26	(5.4) 30	(6.1)

$30	000‐$39	999 79	(8.1) 34	(7.1) 45	(9.1)

$40	000‐$59	999 115	(11.8) 55	(11.5) 60	(12.2)

$60	000‐$79	999 95	(9.8) 51	(10.7) 44	(8.9)

$80	000‐$99	999 107	(11.0) 60	(12.6) 47	(	9.5)

$100	000	or	more 353	(36.4) 168	(35.1) 185	(37.5)

Missing 37	(3.8) 18	(3.8) 19	(3.9)

Parent health literacy

Typical	(≥12) 807	(83.1) 401	(83.9) 406	(82.4) .48

Low	(<12) 142	(14.6) 66	(13.8) 76	(15.4)

Missing 22	(2.3) 11	(2.3) 11	(2.2)

Parent numeracy

Typical	(≥34) 655	(67.5) 320	(66.9) 335	(68.0) .738

Low	(<34) 316	(32.5) 158	(33.1) 158	(32.0)

Adult present

Both	parents 326	(33.6) 171	(35.8) 155	(31.4) .357

One	parent 637	(65.6) 303	(63.4) 334	(67.7)

Other 8	(0.8) 4	(0.8) 4	(0.8)

Number of PECARN ciTBI risk factors

1 780	(80.3) 380	(79.5) 400	(81.1) .521

2 191	(19.7) 98	(20.5) 93	(18.9)

Note: Values	are	presented	as	number	(%)	unless	otherwise	indicated.
Abbreviations:	ciTBI,	clinically	important	traumatic	brain	injury;	GED,	graduate	education	diploma;	PECARN,	(Pediatric	Emergency	Care	Applied	
Research	Network);	SD,	standard	deviation.
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similarly	across	all	patient	and	parent	subgroups	 (Table	2).	There	
was	 a	 significant	 interaction	 between	 patient	 race	 and	 the	 out‐
come	of	decisional	conflict.	The	DA	decreased	decisional	conflict	
to	 a	 relatively	 greater	degree	 in	non‐white	parents	 compared	 to	
white	parents	(Table	2;	Figure	2).	There	was	also	a	significant	in‐
teraction	 between	 whether	 the	 parent	 was	 socioeconomically	
disadvantaged	and	physician	trust.	The	degree	to	which	trust	im‐
proved	with	use	of	the	DA	was	greater	 in	socioeconomically	dis‐
advantaged	parents	(Table	2;	Figure	3).	Interestingly,	there	was	an	
inverse	correlation	between	decisional	conflict	and	physician	trust	
(correlation	 =	 −0.40,	 P	 <	 .001).	 There	were	 no	 significant	 inter‐
actions	between	parent/patient	characteristics	and	the	outcomes	
of	knowledge	or	parent	engagement	in	decision	making	(OPTION	
score).

Regarding	diagnostic	decisions,	we	identified	significant	inter‐
actions	 between	whether	 a	 cranial	 CT	was	 obtained	 and	 parent	
literacy,	 age	of	 the	child,	 and	 father	only	present	during	 the	en‐
counter	(Table	3).	Children	of	parents	with	low	health	literacy	had	
a	 lower	odds	of	having	a	cranial	CT	performed	compared	to	par‐
ents	with	high	health	literacy.	On	further	analysis,	58	(24%)	of	non‐
whites	and	84	(12%)	of	whites	had	low	health	literacy	(P	<	.001).	
If	the	child	was	less	than	2	years	of	age,	there	was	a	higher	odds	
of	cranial	CT	compared	to	children	2‐18	years	of	age.	Conversely,	
there	was	 also	 a	 lower	 odds	 of	 cranial	 CT	 among	 encounters	 in	
which	only	the	father	was	present	compared	to	encounters	with	
both	parents	and	only	the	mother	present	(Figure	4).

4  | DISCUSSION

In	children	with	minor	head	trauma	at	intermediate	risk	of	clinically	
important	 TBI	 according	 to	 the	 PECARN	prediction	 rules	 (one	 or	
two	 intermediate	 PECARN	 risk	 factors),10	 SDM	 facilitated	 by	 the	
Head CT Choice	DA	 increased	parent	 knowledge,	 decreased	deci‐
sional	 conflict,	 increased	 parents’	 trust	 in	 the	 clinician	 and	 facili‐
tated	 greater	 clinician	 engagement	 of	 parents	 similarly	 across	 all	
parent/patient	subgroups.	Interestingly,	in	exploratory	analyses	the	
DA	decreased	decisional	 conflict	 to	 a	 relatively	 greater	degree	 in	
non‐white	parents	and	increased	physician	trust	to	a	greater	degree	
in	 socioeconomically	 disadvantaged	 parents.	We	 also	 observed	 a	
lower	 odds	 of	 cranial	CT	 imaging	 in	 children	 of	 parents	with	 low	
health	literacy	and	a	higher	odds	of	cranial	CT	in	children	younger	
than	2	years	of	age.

Use	of	 the	DA	did	not	 result	 in	greater	knowledge	transfer	 in	
parents	 with	 higher	 numeracy	 as	 we	 had	 observed	 in	 our	 SDM	
trial	of	adults	presenting	to	the	ED	with	chest	pain.6	Although	the	
reasons	 for	 this	 observation	 are	 not	 clear,	 it	 is	 conceivable	 that	
paediatric	emergency	clinicians,	on	average,	make	greater	efforts	
to	educate	parents	 in	decision	making	compared	to	efforts	made	
by	 emergency	 clinicians	 caring	 for	 adults.	 It	 is	 also	 possible	 par‐
ents	 of	 children	 with	 head	 trauma	 have	 a	 relatively	 greater	 de‐
gree	of	anxiety	in	the	emergency	setting	compared	to	adults	with	
non‐traumatic	 chest	 pain,	 impeding	 comprehension	 of	 numerical	Ch
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information	during	 the	encounter.	The	degree	of	difficulty	of	 the	
knowledge	test	may	also	have	differed	between	trials.	Finally,	the	
degree	of	reliance	on	numeracy	may	have	differed	between	deci‐
sion	aids.

What	might	 explain	 the	 greater	 decrease	 in	 decisional	 conflict	
among	non‐white	patients?	 In	a	cross‐sectional	survey	of	366	par‐
ents	 of	 children	 with	 life‐threatening	 illness,	 investigators	 found	
that	black	parents,	compared	to	those	that	were	white,	had	higher	
levels	of	 decisional	 conflict.19	 Findings	 from	a	qualitative	 study	of	
African	 American	 patients	 with	 diabetes	 suggest	 that	 decisional	
conflict	in	black	patients	may	be	related	to	issues	of	physician	mis‐
trust	 and	miscommunication.7	 US	 history	 has	 unfortunately	 given	
African	 Americans	 reasons	 for	 mistrust	 that	 have	 not	 been	 suffi‐
ciently	overcome	by	 the	modern	health‐care	 state,	 as	 exemplified	

by	 the	Tuskegee	experiments	 that	began	 in	1932	and	went	on	 for	
over	40	years.20	A	telephone	survey	of	adults	who	had	a	recent	pri‐
mary	 care	visit	 also	 supports	 these	 findings.	 In	 this	 study,	African	
American	patients	rated	their	visits	as	 less	participatory	compared	
to	 whites.	 However,	 patients	 with	 race‐concordant	 relationships	
with	their	physicians	rated	their	physicians	as	significantly	more	par‐
ticipatory.21	Engaging	parents	with	higher	 levels	of	decisional	con‐
flict	at	baseline	may	result	in	a	relatively	greater	improvement	when	
engaged	in	SDM.

Why	did	use	of	the	DA	generate	greater	physician	trust	in	socioeco‐
nomically	disadvantaged	parents?	In	our	prior	shared	decision‐making	
trial	 in	 ED	 patients	with	 chest	 pain,	we	 observed	 greater	 physician	
trust	 in	patients	with	 low	health	 literacy.6	Although	the	current	 trial	
was	 conducted	 in	 parents	 of	 children	with	minor	 head	 trauma,	 the	

F I G U R E  2  Decisional	Conflict	Scale	subgroup	effects.	Forest	plot	demonstrating	the	effect	of	the	Head CT Choice	decision	aid	on	parent	
decisional	conflict	in	subgroups	according	to	patient	and	parent	characteristics
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DA	was	developed	using	the	same	methodology	as	in	our	prior	trial	in	
adults	with	chest	pain,	and	both	trials	were	conducted	in	the	ED	set‐
ting.	For	these	reasons,	we	anticipated	observing	similar	findings	in	the	
current	trial.	Although	we	did	not	observe	the	same	finding	in	the	cur‐
rent	analysis,	in	the	chest	pain	trial	there	was	a	greater	proportion	of	
non‐white	patients,	providing	greater	statistical	power	to	detect	this	
difference.	From	this	perspective,	the	observation	that	use	of	the	DA	
resulted	in	increased	trust	in	socioeconomically	disadvantaged	parents	
is	a	similar	finding	observed	in	both	trials.

We	 observed	 a	 lower	 odds	 of	 CT	 imaging	 in	 parents	 with	
low	 health	 literacy	 who	 were	 engaged	 in	 SDM.	 To	 the	 best	 of	
our	 knowledge,	 this	 finding	 has	 not	 been	 previously	 reported.	
However,	 findings	 from	 the	 PECARN	 head	 injury	 study	 of	more	
than	 42	 000	 children	 with	 minor	 head	 trauma	 from	 25	 North	

American	EDs	may	provide	some	insight.22	 In	this	study,	children	
of	black	non‐Hispanic	or	Hispanic	race/ethnicity	had	a	lower	odds	
of	 undergoing	 cranial	 CT	 imaging.	 In	 our	 trial,	 a	 greater	 propor‐
tion	of	 non‐white	 parents	 had	 low	health	 literacy,	 suggesting	 an	
association	between	non‐white	race	and	low	health	literacy.	Other	
investigators	have	also	documented	an	association	between	race	
and	health	 literacy.	Shea	and	colleagues,	 in	a	prospective	sample	
of	1610	primary	care	patients,	documented	lower	Rapid	Estimate	
of	Adult	Literacy	in	Medicine	(REALM)	scores	in	African	Americans	
adults	compared	to	Caucasians,	even	after	stratifying	by	 level	of	
education.23

The	odds	of	CT	imaging	was	also	higher	in	children	younger	than	
2	years	of	age.	However,	there	were	no	differences	in	knowledge,	de‐
cisional	conflict,	physician	trust	or	OPTION	scores	among	parents	of	

F I G U R E  3  Trust	in	Physician	Scale	subgroup	effects.	Forest	plot	demonstrating	the	effect	of	the	Head CT Choice	decision	aid	on	parent	
trust	in	the	physician	in	subgroups	according	to	patient	and	parent	characteristics
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children	younger	than	two	or	older	than	2	years	of	age.	This	suggests	
that	the	higher	rates	of	CT	imaging	in	the	younger	age	group	may	be	
related	to	greater	parental	anxiety	and/or	clinician	uncertainty	when	

caring	for	preverbal	children	who	are	unable	to	clearly	express	their	
symptoms.

4.1 | Limitations and strengths of the study

The	primary	limitations	of	this	study	relate	to	issues	of	multiple	test‐
ing	 and	 imprecision	 (lack	 of	 power)	 around	 estimates	 of	 subgroup	
effects.	Given	that	a	total	of	55	comparisons	were	performed,	one	
would	expect	2‐3	(5%	of	55)	tests	to	be	significant	at	the	5%	level	
due	to	chance	alone.	To	mitigate	the	risk	of	spurious	findings	related	
to	 multiple	 testing,	 we	 pre‐specified	 hypotheses	 based	 on	 prior	
observations	 in	 SDM	 trials.3,5,6	We	 also	 followed	 guideline	 recom‐
mendations	 for	 reporting	 subgroup	 analyses	 in	 clinical	 trials18 by 
distinguishing	subgroup	analyses	of	special	interest	in	the	methods,	
basing	subgroup	analyses	on	tests	for	interaction	and	cautiously	in‐
terpreting	subgroup	differences.	Our	analyses	often	yielded	 impre‐
cise	results	of	potentially	important	subgroup	effects.	The	limitation	
of	imprecision	is	inherent	in	subgroup	analyses	of	clinical	trials,	and,	
to	the	best	of	our	knowledge,	the	current	trial	represents	the	largest	
cohort	of	parents	enrolled	in	a	SDM	trial	to	date	and	has	the	poten‐
tial	to	reveal	important	insights	about	subgroup	effects	of	a	DA	in	a	
paediatric	population.

4.2 | Implications for practice and future research

What	are	the	implications	of	the	findings	of	this	subgroup	analysis?	
It	is	possible	that	use	of	the	Head CT Choice	DA	increased	clinicians’	
efforts	 to	 share	 information	 and	 engage	 parents	 in	 deliberations	
regarding	whether	 imaging	should	be	obtained	 for	 their	child,	and	
that	this	change	in	clinician	behaviour	mitigated	parent	distrust	re‐
lated	 to	 socioeconomic	 and	 racial	 disparities.	 For	 practicing	 clini‐
cians,	it	is	important	to	note	that	efforts	to	engage	parents	in	SDM	
have	 potential	 to	 increase	 trust,	 particularly	 in	 socioeconomically	
disadvantaged	 parents,	 and	 that	 this	 trust	 can	 positively	 affect	
the	 therapeutic	 relationship.	 For	 researchers,	 the	 observations	 of	
lower	decisional	conflict	in	non‐white	parents	and	greater	physician	
trust	 in	 socioeconomically	 disadvantaged	 parents	 are	 exploratory.	
Additional	research	is	needed	to	replicate	these	findings	and	to	gain	
greater	insight	into	how	the	SDM	process	alters	the	experiences	and	
perceptions	of	care	in	socioeconomically	disadvantaged	populations.

5  | CONCLUSIONS

Use	of	the	Head CT Choice	DA	was	similarly	effective	in	all	parent/
patient	dyads	but	did	not	increase	knowledge	more	in	parents	with	
high	numeracy	or	physician	 trust	more	 in	parents	with	 low	health	
literacy.	 In	 exploratory	 analyses,	we	 found	 that	 decisional	 conflict	
was	 lower	 in	non‐white	parents,	physician	trust	was	greater	 in	so‐
cioeconomically	disadvantaged	parents,	and	CT	rates	were	lower	in	
children	whose	parents	had	low	health	literacy.	DAs	may	be	particu‐
larly	effective	in	potentially	vulnerable	parents.

TA B L E  3  Differential	effect	of	the	decision	aid	on	the	
emergency	department	(ED)	cranial	CT	rate	based	on	patient	and	
parent	sociodemographic	characteristics

Characteristic Decision Aid Effect (OR, 95% CI) P value

Sex	of	childa

Male 0.96	(0.64,	1.42) .916

Female 0.93	(0.57,	1.54)

Race

White 0.99	(0.70,	1.41) .423

Non‐white 0.81	(0.42,	1.56)

Education

≤HS 0.80	(0.36,	1.79) .815

>HS 0.94	(0.67,	1.33)

Income

<$40k 0.97	(0.53,	1.75) .912

≥$40k	or	more 0.89	(0.61,	1.29)

Literacy

Typical 1.09	(0.77,	1.53) .010

Low 0.36	(0.16,	0.83)b

Numeracy

Typical 0.93	(0.63,	1.36) .816

Low 0.96	(0.56,	1.65)

Agea

<2 1.94	(0.95,	3.97) .019

≥2 0.78	(0.55,	1.11)

Number	of	PECARN	risk	factorsa

1 1.09	(0.75,	1.58) .193

2 0.67	(0.37,	1.22)

Father	only

No 1.04	(0.75,	1.44) .039

Yes 0.26	(0.07,	0.97)b

Mother	only

No 0.65	(0.40,	1.06) .051

Yes 1.24	(0.82,	1.87)

Both	parents

No 1.05	(0.72,	1.55) .402

Yes 0.75	(0.43,	1.29)

Socioeconomically	disadvantaged

No 0.88	(0.63,	1.22) .564

Yes 1.21	(0.42,	3.46)

Abbreviations:	CI,	confidence	interval;	OR,	odds	ratio;	PECARN,	
Pediatric	Emergency	Care	Applied	Research	Network.
aIndicates	a	patient	characteristic.	
bIndicates	a	significant	decision	aid	effect	for	the	subgroup	compared	
with	its	control	(usual	care)	for	the	outcome.	Reported	if	the	P	value	for	
the	overall	interaction	is	significant.	
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