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Abstract
Background and purpose: The	complex	aetiology	of	Alzheimer's	disease	suggests	pre-
vention	potential.	Risk	scores	have	potential	as	risk	stratification	tools	and	surrogate	out-
comes	in	multimodal	interventions	targeting	specific	at-	risk	populations.	The	Australian	
National	University	Alzheimer's	Disease	Risk	Index	(ANU-	ADRI)	was	tested	in	relation	to	
cognition	and	its	suitability	as	a	surrogate	outcome	in	a	multidomain	lifestyle	randomized	
controlled	trial,	in	older	adults	at	risk	of	dementia.
Methods: In	this	post	hoc	analysis	of	the	Finnish	Intervention	Study	to	Prevent	Cognitive	
Impairment	and	Disability	 (FINGER),	ANU-	ADRI	was	calculated	at	baseline,	12,	and	24	
months	 (n = 1174).	The	association	between	ANU-	ADRI	and	cognition	 (at	baseline	and	
over	 time),	 the	 intervention	effect	on	changes	 in	ANU-	ADRI,	and	the	potential	 impact	
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INTRODUC TION

The	complex	aetiology	of	Alzheimer's	disease	(AD),	featuring	many	
interconnected	 modifiable	 risk	 factors	 and	 a	 slow	 onset	 [1], sug-
gests	prevention	potential	 [2].	 So	 far,	most	of	 the	drug	 trials	have	
not	resulted	in	effective	disease-	modifying	therapies	[3].	Although	
promising,	preventive	interventions	targeting	modifiable	risk	factors	
reported	inconclusive	results	[4–6]. This could depend on the choice 
of	target	population,	which	could	either	have	a	risk	profile	not	suf-
ficiently matched to the intervention or be at an advanced disease 
stage	that	requires	additional	pharmacological	therapy.	Limitations	
in	the	intervention	design,	such	as	insufficient	intensity	and	lack	of	
tailoring	to	the	specific	at-	risk	group,	have	been	identified	as	crucial	
[7]	 and	might	have	 contributed	 to	 these	unclear	 results.	Precision	
approaches	in	specific	at-	risk	groups	and/or	addressing	multiple	risk	
factors simultaneously through multidomain interventions could 
have great potential but are still very rare in dementia prevention. 
When	designing	effective	novel	prevention	programmes,	the	choice	
of the appropriate tools is instrumental to identify the populations 
who could benefit the most, plan interventions that are tailored to 
specific	risk	profiles,	estimate	the	intervention's	prevention	poten-
tial in a shorter time frame than that of dementia onset, and monitor 
dementia	risk	trends	and	changes	in	discrete	populations	[7].

In	 this	context,	 the	potential	of	 risk	scores,	 that	 is,	a	weighted	
composite	of	risk	factors	reflecting	individuals'	 likelihood	of	devel-
oping	dementia,	has	been	identified	[8].	Risk	scores	could	play	a	crit-
ical	dual	role:	as	risk	stratification	tools	[9], to enable the selection of 
the most appropriate target population when used to assess eligibil-
ity,	and	as	estimated	measures	of	dementia	risk,	to	capture	the	risk	
reduction potential of a certain intervention when used as surrogate 
outcome	[10–12].

The	Australian	National	University	Alzheimer's	Disease	Risk	Index	
(ANU-	ADRI)	is	a	questionnaire-	based	risk	score	for	AD	(http:// anuad 
ri. anu. edu. au).	 It	was	developed	on	the	basis	of	a	systematic	review	
of	 high-	quality	 evidence	 from	 meta-	analyses	 or	 cohort	 studies	 of	

established	risk	or	protective	factors	[13], and its predicting potential 
for	AD,	dementia	and	mild	cognitive	impairment	has	been	extensively	
validated	[14,	15].	ANU-	ADRI	has	been	successfully	used	as	a	selec-
tion	 tool	 to	 identify	 at-	risk	 individuals	 as	 suitable	 trial	 participants,	
as	well	as	a	surrogate	outcome	in	small	randomized	controlled	trials	
(RCTs)	testing	multidomain	preventive	intervention	in	different	pop-
ulations	and	contexts	[16–19].	ANU-	ADRI	is	a	secondary	outcome	in	
an	ongoing	primary	prevention	internet-	based	trial	[20] and has been 
proposed	as	an	effective	risk	prediction	and	surrogate	outcome	tool	
in	larger	RCTs	and	public	health	programmes	[8, 21].

The	 aim	 was	 to	 test	 ANU-	ADRI	 in	 relation	 to	 cognitive	 de-
cline and its suitability as a surrogate outcome to capture benefi-
cial effects of a multidomain lifestyle preventive intervention, in 
older	 adults	 at	 increased	 risk	 of	 dementia.	 Data	 from	 the	 Finnish	
Intervention	Study	to	Prevent	Cognitive	Impairment	and	Disability	
(FINGER),	 the	first	 large	multidomain	RCT	showing	the	efficacy	of	
a multidomain lifestyle intervention in preventing cognitive decline, 
were	used.	In	particular,	(1)	the	association	between	ANU-	ADRI	and	
cognition	during	FINGER;	(2)	the	effect	of	the	FINGER	intervention	
on	changes	in	ANU-	ADRI;	and	(3)	the	potential	modifying	effect	of	
baseline	 ANU-	ADRI	 on	 the	 response	 to	 FINGER	 intervention	 on	
cognition were investigated.

METHODS

Study sample and settings

The present study is a post hoc analysis of the FINGER trial, which 
has	been	described	in	detail	previously	[22, 23]. In brief, between 
2009	and	2011,	1260	participants	aged	60–77 years	were	recruited	
across Finland from earlier population- based health surveys. 
Eligible	participants	had	a	Cardiovascular	Risk	Factors,	Ageing	and	
Dementia	(CAIDE)	score	of	at	 least	6	points,	 indicating	the	pres-
ence	of	modifiable	risk	factors,	and	cognitive	performance	at	the	

of	baseline	ANU-	ADRI	on	the	intervention	effect	on	changes	in	cognition	were	assessed	
using	linear	mixed	models	with	maximum	likelihood	estimation.
Results: A	higher	ANU-	ADRI	was	significantly	related	to	worse	cognition,	at	baseline	(e.g.,	
estimate	for	global	cognition	[95%	confidence	interval]	was	−0.028	[−0.032	to	−0.025])	
and	over	the	2-	year	study	(e.g.,	estimate	for	2-	year	changes	in	ANU-	ADRI	and	per-	year	
changes	in	global	cognition	[95%	confidence	interval]	was	−0.068	[−0.026	to	−0.108]).	No	
significant	beneficial	intervention	effect	was	reported	for	ANU-	ADRI,	and	baseline	ANU-	
ADRI	did	not	significantly	affect	the	response	to	the	intervention	on	changes	in	cognition.
Conclusions: The	ANU-	ADRI	was	effective	for	the	risk	prediction	of	cognitive	decline.	
Risk	scores	may	be	crucial	for	the	success	of	novel	dementia	prevention	strategies,	but	
their algorithm, the target population, and the intervention design should be carefully 
considered when choosing the appropriate tool for each context.

K E Y W O R D S
Alzheimer's,	clinical	trials,	cognition
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mean level or slightly below the mean of the respective age group, 
based	on	 the	Consortium	to	Establish	a	Registry	 for	Alzheimer's	
Disease cognitive screening test. Individuals with dementia or 
substantial	cognitive	impairment,	based	on	the	Mini-	Mental	State	
Examination <20 or clinical judgement, conditions preventing safe 
engagement in the lifestyle intervention or individuals participat-
ing in another ongoing intervention study were excluded.

The primary outcome of the trial was changes in cognitive func-
tion, which were measured using an extended version of the neu-
ropsychological	 test	 battery	 (NTB)	 (including	 14	 tests).	 Change	 in	
cognitive	domains	included	in	the	NTB	were	included	amongst	the	
secondary outcomes.

At	baseline,	participants	were	 randomized	1:1	 to	 the	 interven-
tion	(N = 631)	or	control	(N = 629)	groups.	The	intervention	group	re-
ceived an intensive lifestyle programme structured around four main 
components	(healthy	diet,	physical	exercise,	cognitive	training,	and	
management	of	vascular	and	metabolic	risk	factors),	with	social	ac-
tivities included in the form of group meetings as part of the delivery 
of	the	main	intervention's	components.	The	control	group	received	
regular	health	advice.	The	intervention	duration	was	2 years.

The present study includes all FINGER participants, for whom 
full	 data	were	 available	 for	 the	 calculation	 of	 the	 ANU-	ADRI	 risk	
score	(N = 1174)	at	baseline.

The study was conducted according to the guidelines of the 
Declaration	of	Helsinki.	FINGER	was	approved	by	the	Coordinating	
Ethics	Committee	of	the	Hospital	District	of	Helsinki	and	Uusimaa	
(nr.	 94/13/03/00/2009,	 7	 April	 2009).	 Written	 informed	 consent	
was obtained from all participants at screening and baseline visit. 
FINGER is registered at Clini calTr ials. gov	(no.	NCT01041989).

Data collection and outcome measures

Australian	National	University	Alzheimer's	Disease	
Risk	Index

Development	 and	 composition	 of	 the	 ANU-	ADRI	 risk	 score	 have	
been	described	previously	[13].	In	brief,	it	includes	15	components:	
age,	 sex,	 education,	 body	 mass	 index	 (BMI),	 depression,	 diabe-
tes,	 cholesterol,	 smoking,	 traumatic	 brain	 injury,	 physical	 activity,	
cognitive	 activity,	 social	 engagement,	 alcohol	 intake,	 dietary	 fish	
intake,	 and	 pesticide	 exposure.	 For	 each	 factor,	 estimates	 from	
existing publications were used to allocate specific points, which 
were	weighted	relative	to	the	factor's	effect	size,	based	on	the	self-	
reported data. The overall score is generated by the sum of all fac-
tors'	 points.	 Positive	 points	 are	 allocated	 to	 each	 risk	 factor	 (e.g.,	
smoking	status),	whereas	negative	points	are	allocated	to	protective	
factors	(e.g.,	physical	activity),	so	that	a	higher	ANU-	ADRI	risk	score	
indicates	a	higher	risk	of	AD.

In	 the	present	 study,	 the	ANU-	ADRI	 risk	 score	was	 calculated	
based on self- reported or measured data, collected as described 
previously	 [22], from 12 factors. Information on age and sex were 
derived	 from	 the	Finnish	national	 population	 register	 (https:// dvv. 

fi/ en).	 In	 the	ANU-	ADRI	algorithm,	BMI	and	blood	cholesterol	 are	
included	only	for	individuals	aged	60 years	or	younger	and	therefore	
were omitted from this analysis. Information on pesticide exposure 
was not available. In FINGER, social engagement and cognitive activ-
ity	were	self-	reported	using	different	questions	than	those	originally	
used	in	the	ANU-	ADRI	questionnaire	(Supplementary	Methods).	In	
order	to	capture	potential	differences	in	the	role	of	risk	versus	pro-
tective	factors,	sub-	scores	including	either	only	risk	or	only	protec-
tive factors were also considered. Furthermore, the combination of 
non- modifiable age and sex has a substantial weight in the overall 
ANU-	ADRI	risk	score,	due	to	being	used	as	a	categorical,	rather	than	
linear, function with considerable sub- scores difference amongst 
discrete	categories,	and	could	mask	potential	score	changes	linked	to	
the	modification	of	other	risk/protective	factors.	Therefore,	a	ver-
sion of the score without age and sex was also tested when changes 
in	 the	ANU-	ADRI	risk	score	over	 time	were	considered.	Details	of	
the	specific	algorithm	used	in	this	study	to	calculate	the	ANU-	ADRI	
risk	score	are	described	in	Table S1.

Cognition

The FINGER cognitive assessment has been described in detail pre-
viously	 [22].	 In	brief,	 the	NTB	 (Table S2)	was	administered,	during	
the 2- year intervention, at baseline and 12 and 24 months by study 
psychologists who were blinded to the intervention allocation. Test 
results for each time point were calculated on a z-	scale	standardized	
to the baseline mean and standard deviation, with higher scores in-
dicating	better	performance.	Zero-	skewness	log-	transformation	was	
applied	to	skewed	NTB	components.	In	the	present	study,	both	the	
NTB	composite	z-	score	(primary	outcome	of	the	trial)	and	domain-	
specific	NTB	z- scores for memory, processing speed and executive 
function	 (secondary	 cognitive	 outcomes)	were	 included.	 The	NTB	
composite z- score was calculated when at least eight of 14 test re-
sults were available and, respectively, three of six for memory, two of 
three for processing speed, and three of five for executive function.

Statistical analysis

Baseline	differences	between	the	intervention	and	control	groups	in	
demographics,	cognition,	individual	risk	and	protective	factors,	the	
ANU-	ADRI	risk	score	and	its	sub-	scores	were	examined	with	the	t 
test,	rank	sum	and	χ2	test,	as	appropriate.	Linear	mixed	models	with	
maximum	likelihood	estimation	were	used	to	assess	(1)	the	associa-
tion	between	ANU-	ADRI	and	cognition,	at	baseline	and	over	time,	
(2)	 the	 intervention	 effect	 on	 changes	 in	 ANU-	ADRI	 and	 its	 risk/
protective	sub-	scores,	and	(3)	the	potential	impact	of	baseline	ANU-	
ADRI	on	the	intervention	effect	on	changes	in	cognition.

The	association	between	ANU-	ADRI	and	cognition	was	assessed	
(a)	 cross-	sectionally	 at	 baseline,	 and	 over	 time	 testing	 the	 associa-
tion	 between	 (b)	 baseline	ANU-	ADRI	 and	 yearly	 changes	 in	 cogni-
tion	and	(c)	dichotomous	change	in	ANU-	ADRI	and	yearly	changes	in	

http://clinicaltrials.gov
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cognition.	A	dichotomous	ANU-	ADRI	change	variable	was	generated	
and coded as ‘decreased’ if the change was <0 or ‘stable/increased’ 
if	the	change	was	≥0,	compared	to	baseline.	As	described	above,	the	
combination of age and sex was not included when changes in the 
ANU-	ADRI	risk	score	were	considered.	The	model	included	random-
ization	group,	time	in	years,	baseline	ANU-	ADRI	risk	score,	and	the	
interactions time ×	randomization	group,	time	×	baseline	ANU-	ADRI	
risk	score	and	time	×	dichotomous	changes	in	ANU-	ADRI	risk	scores,	
adjusted for study site.

Mixed	model	repeated	measures	with	maximum	likelihood	esti-
mation	were	used	to	assess	intervention	effect	on	changes	in	ANU-	
ADRI	as	full	score,	an	adapted	version	without	age	and	sex,	as	well	
as	sub-	scores	that	included	either	its	risk	or	protective	components	
alone.	Models	included	randomization	group,	time,	group	× time in-
teraction and study site.

The	modifying	 effect	 of	 baseline	ANU-	ADRI	 risk	 score	 on	 the	
intervention effect on changes in cognition was assessed using a 
model	including	time;	randomization	group;	baseline	ANU-	ADRI;	the	
ANU-	ADRI	×	time;	the	ANU-	ADRI	× group; group × time; and time 
× group ×	 ANU-	ADRI	 interactions;	 and	 study	 site.	 The	modifying	
effect was described by the three- way interaction term of time × 
group ×	ANU-	ADRI.

All	 analyses	were	 done	 in	 Stata/SE	14	 and	15	 (StataCorp,	 TX,	
USA),	 and	 the	 level	 of	 statistical	 significance	was	p < 0.05	 in	 two-	
sided tests.

RESULTS

Baseline population description

Within	 the	original	FINGER	cohort	 (N = 1259)	 [23], a total of 1174 
participants	were	included	in	the	present	analysis	(Table 1).	At	base-
line, no statistical difference was identified between intervention 
and	control	arms,	except	for	the	ANU-	ADRI	sub-	score	including	risk	
factors	only	(p = 0.04).	The	baseline	ANU-	ADRI	risk	score	of	partici-
pants	without	 available	 2-	year	 ANU-	ADRI	 data	 (199	 out	 of	 1174;	
mean	8.6,	SD	8.6)	was	higher	than	that	of	those	who	completed	the	
study	(mean	6.0,	SD	8.7;	p < 0.001).

Association between ANU- ADRI and cognition in the 
FINGER intervention

The	 associations	 between	 (a)	 baseline	 ANU-	ADRI	 risk	 score	 and	
baseline	cognition;	(b)	baseline	ANU-	ADRI	and	changes	in	cognition;	
and	(c)	changes	in	ANU-	ADRI	and	changes	in	cognition	were	investi-
gated throughout the 2- year intervention considering both the total 
NTB	composite	score	and	the	individual	cognitive	domains.

For all cognitive outcomes, significant associations were found 
cross-	sectionally	 at	baseline	 (e.g.,	 estimate	 for	 the	 cognitive	 total	
composite	score	[95%	confidence	interval,	CI]	was	−0.028	[−0.032	

to	 −0.025],	Table 2a),	 between	 baseline	 ANU-	ADRI	 and	 per-	year	
changes	 in	 cognition	 (e.g.,	 estimate	 for	 per-	year	 changes	 in	 the	
cognitive	 total	 composite	 score	 [95%	 CI]	 was	 −0.004	 [−0.006	 to	
−0.003],	Table 2b)	as	well	as	between	dichotomous	(decreased	vs.	
no	change/increased)	2-	year	changes	in	ANU-	ADRI	risk	score	and	
per-	year	changes	 in	cognition	 (e.g.,	 estimate	 for	per-	year	changes	
in	the	cognitive	total	composite	score	[95%	CI]	was	−0.068	[−0.026	
to	 −0.108],	 Table 2a).	 The	 direction	 of	 the	 association	 estimates	
consistently	indicated	that	a	higher/increased	ANU-	ADRI	risk	score	
significantly	correlated	with	worse	cognition	(Table 2).

Intervention effects on changes in ANU- ADRI

Observed	changes	in	ANU-	ADRI	risk	score	across	the	2-	year	inter-
vention are shown in Table S3.	The	full	score	(Figure 1a, Tables S3 
and S4)	 increased	for	both	groups	with	no	significant	difference.	
When	age	and	sex,	which	are	non-	modifiable	 factors	and	have	a	
substantial weight in the overall score composition, were not in-
cluded, a score decrease was reported during the first- year inter-
vention for both groups, but without significant beneficial effect of 
the	intervention	compared	to	the	control	(Figure 1b, Tables S4 and 
S5).	Similar	results	were	obtained	when	estimating	intervention	ef-
fects	on	risk	or	protective	sub-	scores	(Figure 2, Tables S6 and S7)	
and, although a beneficial trend was observed on the protective 
sub-	score	 for	 the	 intervention	 (Figure 2c),	 no	 significant	 differ-
ences in the level of p < 0.05	were	reported	between	intervention	
and control.

The intervention effects were also estimated on all individual 
modifiable	components	of	the	ANU-	ADRI	risk	score,	using	the	same	
statistical	model.	A	significant	intervention	effect	was	reported	for	
physical	activity	(−0.22	points;	p = 0.003)	but	not	for	other	individual	
components.

Modifying effect of ANU- ADRI in the intervention 
effect on changes in cognition

The	 interaction	 between	 time,	 randomization	 group	 and	 baseline	
ANU-	ADRI,	 included	 as	 a	 factor	 in	 the	mixed	model	 assessing	 in-
tervention effects on the trial primary outcome, was not significant 
(p = 0.34),	indicating	that	the	baseline	ANU-	ADRI	did	not	significantly	
affect the response to the intervention on changes in cognition.

DISCUSSION

In this post hoc analysis of the FINGER trial, in which a multidomain 
lifestyle	intervention	was	shown	to	reduce	the	risk	of	cognitive	de-
cline, significant and consistent associations were reported between 
ANU-	ADRI	 and	 the	 cognitive	 primary	 and	 secondary	 outcomes,	
both at baseline and over the 2- year study period. The FINGER 
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intervention	did	not	significantly	modify	the	ANU-	ADRI	risk	score,	
nor	 its	risk	and	protective	sub-	scores,	and	baseline	ANU-	ADRI	did	
not modify the beneficial intervention effect on cognition.

Taken	together,	these	findings	confirmed	the	reliable	risk	estima-
tion	capacity	of	ANU-	ADRI,	in	a	cohort	of	older	adults	at	increased	
risk	 of	 dementia	 from	Finland.	 This	 supports	 its	 possible	 use	 as	 a	
stratification tool for selecting participants in targeted multidomain 
RCTs and monitoring for wider prevention programmes at individ-
ual	and	population	level.	However,	the	findings	related	to	the	effect	

of	 the	 FINGER	 intervention	 on	 ANU-	ADRI	 suggested	 that,	 in	 the	
FINGER	study-	specific	context,	ANU-	ADRI	may	not	be	a	sensitive	
surrogate outcome.

Multidomain	 lifestyle	 interventions	 (like	FINGER)	 are	based	on	
the	hypotheses	that	individual	changes	in	multiple	risk	factors,	albeit	
small, can lead to concrete health benefits when combined together, 
even	when	different	 factors	 are	modified	 in	 different	 people	 [24]. 
Risk	scores,	which	are	not	the	mere	sum	of	different	risk/protective	
factors	but	reflect	risk	profiles	 in	weighted	combination	of	specific	

TA B L E  1 Baseline	description	of	the	FINGER	population	per	randomization	arm.

Demographics N Controla Interventiona p value

Age	(years) 1174 69.0	(4.7) 69.5	(4.7) 0.09

Sex	(women) 1174 47%	(276) 44%	(257) 0.20

Years of education 1174 10.1	(3.5) 10.0	(3.5) 0.67

Cardiovascular risks and medical history

BMI 1165 28.1	(4.9) 28.3	(4.5) 0.71

Diabetes 1174 14%	(79) 14%	(82) 0.85

Cholesterol 1170 5.1	(1.0) 5.2	(1.0) 0.74

TBI 1174 12%	(70) 15%	(90) 0.10

Depressive symptoms 1174 22%	(131) 20%	(119) 0.34

Lifestyle

Smoking	Never 1174 50%	(292) 49%	(287) 0.46

Ever 42%	(244) 41%	(243)

Current 8%	(48) 10%	(60)

Alcohol	consumption	(moderate) 1174 72%	(419) 72%	(424) 0.96

Fish	consumption	(portions/week) 1174 1.7	(1.2) 1.7	(1.0) 0.90

Social	engagement	Lowest 1174 25%	(144) 27%	(162) 0.14

Low to medium 24%	(140) 23%	(137)

Medium to high 25%	(148) 28%	(166)

Highest 26%	(152) 21%	(125)

Cognitive activity Lowest 1174 34%	(200) 36%	(215) 0.23

Middle 31%	(181) 32%	(191)

Highest 35%	(2013 31%	(184)

Physical	activity	Lowest 1174 28%	(166) 30%	(178) 0.73

Middle 41%	(242) 36%	(215)

Highest 30%	(176) 33%	(197)

Cognition

Total composite score 1174 0.03	(0.59) −0.03	(0.56) 0.10

Memory 1174 0.03	(0.66) −0.03	(0.69) 0.12

Executive functioning 1174 0.02	(0.70) −0.03	(0.66) 0.25

Processing	speed 1174 0.04	(0.84) −0.03	(0.79) 0.17

ANU- ADRI score

Full score 1174 5.9	(8.7) 6.9	(8.7) 0.06

Without	age	and	sex 1174 −1.4	(5.2) −1.0	(5.4) 0.21

ANU-	ADRI	risk	factors	sub-	score	at	baseline 1174 14.8	(8.2) 15.8	(8.3) 0.04

ANU-	ADRI	protective	factors	sub-	score	at	baseline 1174 −8.9	(2.6) −8.9	(2.7) 0.87

Note: t test for continuous, χ2	for	dichotomous	and	rank	sum	for	ordinal	variables	were	used.
Abbreviations:	ANU-	ADRI,	Australian	National	University	Alzheimer's	Disease	Risk	Index;	BMI,	body	mass	index;	TBI,	traumatic	brain	injury.
aValues	expressed	as	either	mean	(standard	deviation)	or	percentage	(number	of	cases).
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factors	for	each	individual	[9],	could	be	particularly	suitable	to	cap-
ture such benefits.

Results from previous analysis on the effect of the FINGER in-
tervention	on	changes	in	CAIDE	[11]	and	Lifestyle	for	Brain	Health	
(LIBRA)	[10]	dementia	risk	scores	support	this	suggestion,	together	
with	 the	 notion	 that	 a	 reduction	 in	 overall	 dementia	 risk	 may	 be	
obtained by multidomain preventive approaches. In FINGER, the 
CAIDE	risk	score	also	correlated	to	neuroimaging	markers	of	cere-
brovascular	 change	 and	 neurodegeneration	 [25,	 26].	 However,	
different	risk	scores,	combining	different	factors	in	different	math-
ematical	models,	may	reflect	different	aspects	of	an	individual's	risk	
profile.	For	example,	CAIDE	and	LIBRA	risk	scores	are	heavily	based	
on	 vascular	 and	 lifestyle	 risk	 factors	which	 are	 also	 very	 relevant	
components for the FINGER intervention; others may also focus on 
additional factors that are related to, for example, medical history or 
socio-	economic	status	[9].	The	CAIDE	risk	score	was	also	used	in	the	
selection of participants for FINGER and was developed on a simi-
lar	population	from	Finland.	The	LIBRA	score	was	developed	from	a	TA
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F I G U R E  1 Changes	in	ANU-	ADRI	as	full	risk	score	(a)	and	
without	age	and	sex	(b)	per	randomization	arm	during	the	2-	year	
intervention. Mixed model repeated measures with maximum 
likelihood	estimation	as	a	function	of	randomization,	time	and	their	
interaction,	adjusted	per	site.	Time	as	categorical	variable	(overall	p 
value	reported).	A	lower	ANU-	ADRI	score	value	indicates	a	better	
outcome.
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cohort	from	the	Netherlands,	that	is,	the	Maastricht	Ageing	Study.	It	
is possible that greater similarity between development cohorts and 
intervention cohorts increases the sensitivity of measures.

The	lack	of	intervention	effect	on	changes	in	the	ANU-	ADRI	risk	
score suggests that its algorithm and the specific components of the 

FINGER intervention may not be sufficiently aligned for the actual 
intervention-	led	changes	in	risk	profile,	which	are	linked	to	benefits	
in	cognition,	to	be	suitably	captured	by	this	risk	score.	First,	factors	
such	as	BMI	and	cholesterol	are	not	included	in	the	calculation	of	the	
ANU-	ADRI	risk	score	due	to	the	population	age	range.	The	FINGER	
intervention was designed to impact on these factors and the study 
found	a	significant	intervention	effect	on	BMI	[23].

Furthermore, changes in the cognitive training and the social 
components of the FINGER intervention could not be specifically 
measured with the tools available for data collection and therefore 
they did not translate into specific changes in the related compo-
nents	of	 the	ANU-	ADRI	algorithm,	especially	 in	 the	case	of	social	
engagement.	Additionally,	 the	ANU-	ADRI	 risk	score	was	designed	
as a comprehensive score comprising a wide range of factors, and 
some	of	 them	 (traumatic	 brain	 injury,	 depression,	 pesticide	 expo-
sure)	 were	 not	 specifically	 targeted	 by	 the	 FINGER	 intervention,	
which was designed to largely focus on lifestyle, vascular and met-
abolic	risk	factors.

Nonetheless,	 the	 consistent	 association	 between	 the	 ANU-	
ADRI	 risk	 score	 and	 cognitive	 performance	 during	 the	 FINGER	
trial	showed	that	this	risk	score	reflects	cognition	trajectories	over	
time.	Additionally,	 the	 results	 reported	on	 the	 risk/protective	 fac-
tors separately, although not significant, suggest that the protective 
sub-	score,	 including	 more	 lifestyle/vascular	 factors	 (e.g.,	 physical	
activity,	fish	and	moderate	alcohol	intake),	might	perform	better	in	
capturing intervention changes. Many methodological aspects can 
impact	on	the	choice	of	the	most	appropriate	risk	score	for	a	certain	
context, including specifics of the intervention design, the addressed 
modifiable	factors,	and	characteristics	of	the	target	population	[8]. 
In	particular,	non-	modifiable	risk	factors,	such	as	age	and	genetics,	
also	play	a	crucial	role	in	defining	individual	risk	profiles	[27, 28] and 
can	significantly	affect	the	performance	of	a	risk	score	in	a	certain	
population. For example, the results obtained on the intervention 
effect	of	the	ANU-	ADRI	protective	sub-	risk	score,	without	age	and	
sex, suggest that, in this population of older adults, the substantial 
weight	of	 age	 in	 the	overall	 score	may	have	partially	 ‘masked’	 the	
intervention-	led	 beneficial	 changes	 on	 the	 changes	 in	 risk	 profile	
over time.

The main strength of this study is the assessment, for the first 
time,	of	ANU-	ADRI,	one	of	 the	most	 comprehensive	 tools	 for	AD	
risk	estimation,	in	FINGER,	the	first	larger	RCT	to	show	a	beneficial	
effect	 on	 cognition	 and	dementia	 risk	 reduction	of	 a	multidomain	
intervention	targeting	lifestyle,	vascular	and	metabolic	risk	factors	in	
a	population	of	older	adults	with	risk	factors	for	dementia.	The	fact	
that the FINGER intervention was indeed able to reduce cognitive 
decline	over	the	2-	year	period	allowed	the	performance	of	the	ANU-	
ADRI	risk	score	to	be	assessed	more	accurately,	both	as	a	risk	esti-
mation	tool	and	as	a	surrogate	outcome.	Also,	ANU-	ADRI	includes	
a wide range of factors which allowed its association with cognitive 
performance to be consistently captured.

The	study	was	mostly	limited	by	the	need	to	adapt	the	ANU-	
ADRI	 algorithm	 to	 the	 available	 dataset	 as	 the	 use	of	 the	ANU-	
ADRI	was	not	part	of	 the	original	 study	design,	which	may	have	

F I G U R E  2 Changes	in	ANU-	ADRI	protective	factors	sub-	score	
(a)	and	risk	sub-	scores	((b)	full;	(c)	without	age	and	sex)	and	during	
the 2- year intervention. Mixed model repeated measures with 
maximum	likelihood	estimation	as	a	function	of	randomization,	time	
and their interaction, adjusted per site. Time as categorical variable 
(p	value	reported	for	continuous	time).	For	both	risk	and	protective	
factors, a reduction in the sub- scores indicates a better outcome.
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affected its performance and prevented its full potential from 
being assessed. This translated in the exclusion of important 
risk	 factors	 for	 the	FINGER	 intervention	 (e.g.,	BMI),	 and	 the	use	
of different tools for the measurement of a certain component 
(e.g.,	 the	 Zung	 scale	 for	 depression,	 instead	 of	 the	 Center	 for	
Epidemiological	 Studies	 Depression	 scale)	 or	 alternative	 ques-
tions	for	self-	reported	factors	(e.g.,	social	engagement	questions,	
which measured social activities but not less formal social involve-
ment).	 Additionally,	 since	 ANU-	ADRI	 includes	 a	 wide	 range	 of	
risk/protective	 factors	 (15	 in	 the	 original	 algorithm)	 and	 all	 fac-
tors	 included	were	 needed	 for	 the	 calculation	 of	 the	 risk	 score,	
this	resulted	in	85	participants	not	being	included	in	the	present	
analysis	 due	 to	 missing	 data.	 The	 lack	 of	 predefined	 scales	 for	
social and cognitive activities meant that these components had 
also to be scaled to the FINGER population rather than in absolute 
terms, and pesticide exposure could not be included due to data 
unavailability. This may have hampered the performance of the 
risk	score	in	capturing	intervention-	led	changes	and	affected	the	
overall	results.	It	is	also	possible	that	the	effect	size	of	the	FINGER	
intervention	was	not	detectable	with	the	ANU-	ADRI	version	used	
in	this	study.	Due	to	these	limitations,	the	potential	use	of	ANU-	
ADRI	as	a	surrogate	outcome	cannot	be	fully	generalized	to	other	
multidomain lifestyle interventions based on these results alone. 
This is supported by the results from the four small trials published 
to	 date	 that	 included	 the	ANU-	ADRI	 instrument	 in	 their	 design,	
used	 the	ANU-	ADRI	 questionnaire	 as	 an	 outcome	measure,	 and	
found	a	significant	effect	of	the	intervention	[16–19].

The	fact	that	the	modified	baseline	ANU-	ADRI	score	and	the	risk	
factors score were higher for the intervention group in at least a 
borderline significant manner is also a possible limitation, as it can 
skew	 the	 results	 to	 show	 less	 of	 an	 intervention	 effect	 for	 ANU-	
ADRI.	Additionally,	since	FINGER	participants	were	already	selected	
at	baseline	to	be	at	increased	risk	for	dementia	compared	to	the	gen-
eral population, this could have reduced the potential for variability 
of	the	ANU-	ADRI	across	participants.

In	conclusion,	the	ANU-	ADRI	score	was	confirmed	as	an	effec-
tive	 tool	 for	 the	 risk	prediction	of	cognitive	decline.	When	appro-
priately	chosen,	risk	scores	may	be	 instrumental	 in	the	design	and	
implementation of novel successful trials aimed at dementia pre-
vention	 or	 dementia	 risk	 reduction.	 In	 particular,	 in	 order	 to	 cap-
ture	changes	 in	specific	 risk	profiles,	 risk	scores	used	as	surrogate	
outcomes to test the prevention potential of complex multidomain 
lifestyle interventions must be identified with careful consideration 
for their mathematical model, the target population and the inter-
vention design.
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