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Abstract
Background: Older	patients’	health	problems	in	general	practice	(GP)	can	often	not	
be	assigned	to	a	specific	disease,	requiring	a	paradigm	shift	to	goal-oriented,	person-
alised	care	for	clinical	decision	making.
Purpose: To	investigate	the	predictive	value	of	the	comprehensive	geriatric	assess-
ment	 (CGA)-based	Multidimensional	 Prognostic	 Index	 (MPI)	 in	 a	 GP	 setting	 with	
respect	 to	 the	 main	 healthcare	 indicators	 during	 the	 12	 months	 following	 initial	
evaluation.
Methods: One	hundred	 twenty-five	consecutive	patients	aged	70	years	and	older	
were	enrolled	 in	a	GP	and	followed	up	to	one	year.	All	patients	underwent	a	CGA	
based	on	which	the	MPI	was	calculated	and	subdivided	into	three	risk	groups	(MPI-1,	
0-0.33	=	low	risk,	MPI-2,	0.34-0.66	=	moderate	risk	and	MPI-3,	0.67-1,	severe	risk).	
Grade	of	Care	(GC),	hospitalization	rate,	mortality,	nursing	home	admission,	use	of	
home	care	services,	falls,	number	of	general	practitioner	contacts	(GPC),	of	geriatric	
resources	(GR)	and	geriatric	syndromes	(GS)	during	the	12	months	following	initial	
evaluation were collected.
Results: The	MPI	 was	 significantly	 associated	 with	 number	 of	 GS	 (P	 <	 .001),	 GR	
(P	<	.001),	GC	(P	<	.001)	as	well	as	with	the	average	number	of	GPC	per	year	(mean	
10.4,	P	 =	 .046).	 Interestingly,	 the	 clinical	 judgement	of	 the	general	practitioner,	 in	
this	case	knowing	his	patients	for	16	years	on	average,	was	associated	with	adverse	
outcomes	 to	 a	 similar	 extent	 than	 the	prediction	offered	by	 the	MPI	 (GP/adverse	
outcomes	and	MPI/adverse	outcomes	P	<	.001).
Conclusion: The	MPI	is	strongly	associated	with	adverse	outcomes	in	older	GP	pa-
tients	and	strongly	predicts	the	number	of	GPC	up	to	one	year	after	initial	evalua-
tion.	Considering	the	feasibility	and	the	strong	clinimetric	properties	of	the	MPI,	its	
collection	should	be	encouraged	as	early	as	possible	to	disclose	risk	conditions,	im-
plement	tailored	preventive	strategies	and	improve	cost-effectiveness	of	healthcare	
resources use.
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1  | INTRODUC TION

Population's	ageing	is	one	of	the	biggest	challenges	of	the	present	
time	and	of	the	next	decades.	Due	to	it,	physicians,	health	practi-
tioners	and	policy	makers	face	huge	efforts	to	manage	multimorbid-
ity,	 frailty	 and	 functional	 impairment.1,2 The high disease burden 
and	 the	 associated	 functional	 limitations	 profoundly	 affect	 the	
high	 utilisation	 of	 healthcare	 resources3-5	 and,	 in	 Germany	 as	 in	
other	 countries,	 the	growing	number	of	general	practitioner	 con-
tacts	 (GPC).6	Older	 adults	 are	 frequent	 users	 of	 general	 practice	
(GP),	with	 at	 least	10%	of	 the	people	over	60	years	 visiting	 their	
GP	over	10	times	per	year	and	even	more	often	persons	older	than	
70 years.6,7

This	 development	 represents	 a	major	 challenge	 for	GP	 physi-
cians	because	of	the	large	and	steadily	increasing	number	of	often	
complex	 conditions	 requiring	 time-consuming	 multidimensional	
examinations.2,8-11	 Together	 with	 the	 objective	 logistic	 difficul-
ties,	one	reason	for	the	challenged	prompt	identification	of	seniors	
at	 risk	 in	 the	 community	 is	 the	 frequent	 underreporting	 of	 com-
plaints	by	older	patients	considering	some	frailty-related	symptoms	
part	 of	 “normal”	 ageing.12 Other reasons include subtle progres-
sion	of	functional	loss11	as	well	as	heterogeneity	of	ageing	and	its	
phenotypes.13,14

The	cornerstone	of	geriatric	medicine,	the	comprehensive	geri-
atric	assessment	(CGA),	has	been	shown	in	the	recent	years	to	pro-
vide	an	adequate	diagnostic	and	therapeutic	management	of	older	
patients.12,15	The	strength	of	the	CGA	resides	in	its	ability	to	accu-
rately	 address	 domains	 such	 as	 physical	 health,	 functional	 status,	
mental	 health,	 medication	 use	 and	 socioeconomic	 parameters.	 It	
can	 improve	diagnosis,	disclose	risk	of	and	therefore	prevent	geri-
atric	 syndromes	 (GS)	 such	 as	 instability,	 immobility	 and	 cognitive	
impairment.15-17

While	 the	 CGA	 is	 available	 to	 healthcare	 practitioners	 since	
over	 three	 decades,18,19	 10	 years	 ago	 its	 “development	 tool”	 was	
described	for	the	first	time,	the	Multidimensional	Prognostic	Index	
(MPI).20	 The	MPI	 is	 calculated	based	on	 a	mathematical	 algorithm	
applied	on	an	8-domain	CGA20	and	has	been	identified	as	the	most	
valid,	accurate	and	feasible	among	available	forecast	indicators	for	
older adults.21	The	MPI	has	been	shown	to	improve	clinical	assess-
ment	and	treatment	of	hospitalised	older	patients	suffering	from	a	
wide	 range	 of	 age-related	 conditions.21-25	Within	 the	 frame	 of	 an	
ongoing action in various clinical and healthcare settings in the large 
metropolitan	area	of	Cologne,	Germany,	to	identify	seniors	at	risk	of	
poor	outcomes	to	establish	cost-effective	tailored	interventions,	the	
aim	of	this	study	was	to	address	the	potential	role	of	the	CGA-based	
MPI	in	a	typical	German	GP	setting.	The	predictive	power	of	the	MPI	
was	investigated	by	means	of	the	analysis	of	its	association	to	main	
healthcare	 indicators	 including	 nursing	 needs	 (grade	 of	 care,	 GC),	
rates	of	falls,	hospitalisation,	mortality,	nursing	home	admission	as	
well	as	use	of	home	care	services	collected	for	12	months	following	
initial evaluation.

2  | METHODS

2.1 | Patients

Between	November	2017	and	March	2018,	256	patients	were	con-
secutively	screened	for	inclusion	criteria	at	a	rural	GP	established	over	
30	years	ago	by	the	same	family	physician	collaborating	to	the	present	
investigation.	 Patients	were	 included	 if	 older	 than	 70	 years	 of	 age,	
multimorbid	 (more	 than	 two	 chronic	 conditions	 required	 prolonged	
treatment)	and	giving	consent	to	participate	in	the	study.	Reasons	for	
exclusion	 from	 the	 study	were	1.	 unable	 to	 evaluate	due	 to	 limited	
time	budget	during	regular	consultation	hours	(n	=	130),	2.	refusal	to	
participate	(n	=	1).	The	final	sample	size	included	125	patients.

2.2 | Clinical evaluation

After	 giving	 informed	 consent,	 all	 participants	 underwent	 a	CGA-
based	MPI	calculation.	Briefly,	The	MPI20,22,25,26	includes	Cumulative	
Illness	 Rating	 Scale	 (CIRS),27,28	 Exton	 Smith	 Scale	 (ESS),27 Mini 
Nutritional	Assessment	Short	Form	(MNA-SF),26	Katz's	Activities	of	
Daily	Living	(ADL),29	Lawton's	Instrumental	Activities	of	Daily	Living	
(IADL),30	 Short	 Portable	 Mental	 Status	 Questionnaire	 (SPMSQ)31 
plus	number	of	drugs	administered	including	over-the	counter	(OCT)	
drugs	and	living	conditions.	The	MPI	is	a	continuous	variable	from	0	
to	1	allowing	the	allocation	of	patients	 into	one	of	three	mortality	
risk	grades	(MPI-1,	0-0.33	=	low	risk,	MPI-2,	0.34-0.66	=	moderate	
risk	and	MPI-3,	0.67-1,	severe	risk)	at	1	month	and	1	year.20

During	the	MPI	collection,	the	presence	of	common	GS	(includ-
ing	 incontinence,	 instability,	 cognitive	 impairment,	 depression	 or	

What is known?
Older	patients’	 complex	health	problems	 requiring	a	par-
adigm	 shift	 to	 goal-oriented,	 personalised	 care	 can	 be	
addressed	 by	 means	 of	 the	 comprehensive	 geriatric	 as-
sessment	 (CGA).	 Multidimensional	 prognosis	 calculation	
with	 the	 CGA-based	 Multidimensional	 Prognostic	 Index	
(MPI)	has	been	shown	 to	be	highly	predictive	of	adverse	
outcomes in hospitalised older multimorbid adults.

What does this article add?
The	present	 investigation	shows	that	 the	MPI	 is	 strongly	
associated	 with	 adverse	 events	 in	 older	 patients	 from	 a	
general	practice	setting	and	that	it	not	only	predicts	future	
poor	 outcomes	 able	 to	 negatively	 affect	 patients’	 func-
tioning and trajectories; it is also strongly associated with 
serious	events	 in	 the	year	preceding	 the	evaluation,	 sug-
gesting	 that	 the	MPI	 accurately	 depicts	 the	multidimen-
sional	 health	 status	 of	 older	 adults,	 supporting	 targeted	
high-quality	decision	making.
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irritability,	 inanition,	 sensorial	 impairment,	 as	well	 as	 chronic	pain,	
insomnia,	 irritable	 colon,	 impoverishment	 and	 isolation,	 immobil-
ity,	 polypharmacy,	 iatrogenic	 disease,	 incoherence/delirium,	 fluid/
electrolyte	 imbalance	 and	 swallowing	 disorders)	 as	 well	 as	 of	 re-
sources	(GR)	(favourable	intellectual,	physical,	social,	and	economic	
resources	and	good	living	conditions,	motivational,	emotional,	mnes-
tic,	competence-related	resources)	were	collected	in	all	patients	as	
previously described.25

Nursing	needs	were	evaluated	by	means	of	the	GC,	established	
by	 the	German	 institutional	 nursing	 care	 insurance	 and	 identified	
using	 GC	 grades	 1	 to	 5,	 with	 score	 1	 indicating	 minimal	 depen-
dence.32	 Additional	 information	 on	 the	 GP	 physician's	 judgement	
(judging	prognosis	into	low	risk—moderate	risk—high	risk	for	adverse	
outcomes	without	a	CGA),	main	diagnoses,	professional	status	prior	
to	retirement,	years	of	education	and	 level	of	educational	require-
ments	(the	last	profession	prior	to	retirement	was	categorised	within	
the	framework	of	the	social-scientific	professional	grouping	of	the	
2010	 German	 classification	 system	 of	 professions	 -	 Klassifikation	
der	Berufe	2010,	KldB-,	which	subdivides	the	requirements	of	the	
executed	 task	 according	 to	 four	 complexity	 grades33),	 as	 well	 as	
hospitalization,	falls	and	number	of	GPC	during	the	12	months	pre-
ceding	the	MPI	collection	were	also	evaluated.	Social	aspects	were	
reported	by	interview	about	living	status,	social	isolation	and	social	
support.

A	12-month	follow-up	was	performed	using	the	data	of	the	pa-
tient's	file	as	provided	by	the	GP	concerning	one-year	survival,	rea-
son	and	number	of	GPC,	use	of	 home	care	 services,	GC	 (change),	
nursing	home	admission,	hospitalisations,	falls	and	number	of	med-
ication	(change).

2.3 | Registration, participant consent & ethics

The	 study	 is	 registered	 at	 the	 German	 Clinical	 Trials	 Register	
(DRKS00012820)	and	complies	with	the	ethics	rules	for	human	ex-
perimentation	that	are	stated	in	the	Declaration	of	Helsinki	(1983).	
The	study	was	approved	by	the	Ethics	Committee	of	the	University	
Hospital	of	Cologne	(EK	17-298),	and	each	patient	(or	proxy	in	three	
cases,	when	medical	 record	 indicated	 incapacity	 to	 give	 informed	
consent)	signed	informed	consent.

2.4 | Statistical analysis

Descriptive	 statistics	were	expressed	using	absolute	numbers	and	
relative	frequencies	for	description	of	categorical	variables	as	well	
as	 mean	 (SD)	 or	 median	 (interquartile	 range,	 IQR)	 for	 continuous	
variables.	Univariate	tests	such	as	one-way	(ANOVA)	for	mean	and	
Chi-squared	or	Fisher's	exact	test	for	frequencies	were	used	in	order	
to	explore	the	data.

The	reciprocal	relationship	between	presence	of	GS	and	GR	was	
evaluated	by	subtracting	from	the	GS	index	(individual's	number	of	
GS	divided	by	17	total	GS)	 the	GR	one	 (individual's	number	of	GR	
divided	by	10	total	GR)	as	described	previously.25

A	negative	binominal	regression	analysis	was	used	for	the	assess-
ment	 of	 the	 effect	 of	MPI	 on	 the	 level	 of	GC	 and	 the	 number	 of	
GS	and	GR	after	adjusting	for	age,	gender	and	level	of	educational	
requirement.	Except	for	mortality,	deceased	patients	were	excluded	
from	the	analysis	of	negative	outcomes.	The	same	statistical	method	
was	used	to	address	the	number	of	GPC	during	the	time	of	the	study	
after	adjusting	for	age,	gender	and	level	of	educational	requirements.	
No	other	adjustments	were	performed	unless	otherwise	specified.

A	multiple	 logistic	 regression	 after	 adjustment	 for	 age,	 gender	
and	level	of	educational	requirements	was	used	to	identify	presence	
and	severity	of	adverse	outcomes	according	to	prognosis.	Adverse	
outcomes	were	considered	as	the	occurrence	of	at	least	one	event	
among	mortality,	hospitalisation,	falls,	use	of	home	care	services,	GC	
and nursing home admission.

Finally,	an	ROC	curve	was	calculated	 to	evaluate	 the	power	of	
prognosis assessment.

Two-tailed	 probabilities	 were	 reported	 and	 a	 significant	 level	
alpha	of	5%	was	used	for	each	analysis.	All	analyses	were	performed	
using	STATA	(version	14.2,	StataCorp.)	software	and	SPSS	(Statistical	
Package	for	Social	Sciences,	SPSS	Inc,	version	24.0)	software.

3  | RESULTS

3.1 | Demographics

Patients	 were	 treated	 by	 the	 same	 GP	 physician	 in	 average	 for	
16.2	years	(SD	8.2).

The	demographic	and	clinical	characteristics	of	the	125	patients	
according	to	MPI	group	are	described	in	Table	1.	Higher	MPI	score	
was	significantly	associated	with	higher	age	(P	<	.001).

There	 was	 a	 strong	 correlation	 between	 GC	 and	 MPI	 score	
(P	<	.001),	92%	of	MPI-1	patients	showing	no	nursing	needs	(GC	=	0)	
and	all	MPI-3	patients	having	GC	1-5.	For	each	increase	of	one	dec-
imal	 point	 on	MPI	 at	 baseline,	 the	 probability	 of	 GC	 increases	 to	
83.1%	(P	<	.001)	after	adjusting	for	gender,	age,	level	of	educational	
requirement,	insurance	and	main	diagnosis.

A	higher	MPI	score	was	significantly	associated	with	more	long-
term diagnoses (P	<	 .001)	as	well	as	 to	 the	 leading	main	diagnosis	
(P	<	.001;	Table	1).

3.2 | Geriatric syndromes & geriatric resources

Patients	with	higher	MPI	displayed	significantly	higher	mean	number	
of	GS	(P	<	.001)	-	for	each	increase	on	MPI	of	0.1	point,	the	number	
of	GS	raised	by	23.4%	(P	<	.001,	Table	1).

The	 average	 number	 of	 geriatric	 resources	 (GR)	 were	 5.5	
(Table	1),	a	higher	mean	number	of	GR	being	significantly	associated	
with	a	lower	MPI	(P	<	.001).	The	number	of	GR	decreased	by	10.8%	
with	an	increase	on	MPI	of	0.1	point	(P	=	.001).

A	significantly	 inverse	association	was	shown	with	the	average	
number	of	GS	and	GR	(P	<	 .001)	adjusted	for	age,	gender,	GC	and	
MPI	group.	Also,	 a	highly	 significantly	association	between	having	
more	GR	than	GS	and	a	lower	MPI	(P	<	.001)	was	observed.
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TA B L E  1  Demographic	and	clinical	characteristics	of	the	patient	sample	according	to	MPI	group

 
Total
N = 125

MPI 1
N = 84 (67.2%)

MPI 2
N = 34 (27.2%)

MPI 3
N = 7 (5.6%) P‐value† 

Demographic

Female,	n	(%) 61	(48.8) 39	(46,4) 19	(55,9) 3	(42,9) .674

Age	(y),	mean	(SD) 79.2	(6.6) 77.6	(5.7) 81.9	(6.6) 85.1	(8.8) <.001* 

Education	(y),	mean	(SD) 11.5	(4.1) 11.8	(4.4) 11.35	(3.7) 9.6	(1.5) .226

Body	mass	index	(BMI),	mean	(SD) 27.5	(5.7) 26.9	(5.0) 28.9	(6.4) 27.9	(8.6) .229

Grade	of	care,	median	(IQR) 0	(0-1) 0	(0-0) 2	(0-3) 3	(3-5) <.001* 

Grade	of	Care,	n	(%) None 92	(73.6) 78	(92.9) 14	(41.2) 0 <.001* 

GC	1 4	(3.2) 2	(2.4) 2	(5.9) 0

GC	2 7	(5.6) 2	(2.4) 4	(11.8) 1	(14.3)

GC	3 14	(11.2) 2	(2.4) 9	(26.5) 3	(42.9)

GC	≥4 8	(6.4) 0 5	(14.7) 3	(42.9)

Number	of	long-term	diagnoses,	mean	(SD) 6.6	(2.9) 5.8	(2.4) 8.1	(3.3) 8.6	(2.5) <.001* 

Main	Diagnosis,	
n	(%)

Cardiovascular	disease 49	(39.2) 36	(42.9) 13	(38.2) 0 <.001* 

Musculoskeletal	disease 26	(20.8) 21	(25.0) 5	(14.7) 0

Dementia 10	(8.0) 0 5	(14.7) 5	(71.4)

Stroke 10	(8.0) 2	(2.4) 6	(17.7) 2	(28.6)

Cancer 6	(4.8) 4	(4.8) 2	(5.9) 0

Neurological	disease 6	(4.8) 4	(4.8) 2	(5.9) 0

Respiratory disease 5	(4.0) 4	(4.8) 1	(2.9) 0

Other 13	(10.4) 13	(15.5) 0 0

Number	of	Geriatric	syndromes,	mean	(SD) 4.16	(2.2) 3.3	(1.7) 5.5	(1.7) 8.0	(2.2) <.001* 

Geriatric	
syndromes

Incontinence 53	(42.4) 26	(31.0) 22	(64.7) 5	(71.4) <.001* 

Instability 62	(49.6) 30	(35.7) 27	(79.4) 5	(71.4) <.001* 

Cognitive	impairment 15	(12.0) 1	(1.2) 8	(23.5) 6	(85.7) <.001* 

Inanition 39	(31.2) 21	(25.0) 13	(38.2) 5	(71.4) .023* 

Polypharmacy 50	(40.0) 25	(29.8) 19	(55.9) 6	(85.7) .001* 

Irritability/ Depression 41	(32.8) 24	(28.6) 12	(35.3) 5	(71.4) .063

Sensorial Impairment 95	(76.0) 58	(69.0) 31	(91.2) 6	(85.7) .032* 

Irritable colon 26	(20.8) 11	(13.1) 13	(38.2) 2	(28.6) .008* 

Impoverishment 7	(5.6) 5	(6.0) 0 2	(28.6) .011* 

Social isolation 6	(4.8) 2	(2.4) 1	(2.9) 3	(42.9) <.001* 

Swallowing disorder 8	(6.4) 1	(1.2) 7	(20.6) 0 <.001* 

Num.	of	geriatric	resources,	mean	(SD) 5.5	(2.0) 6.14	(1.8) 4.4	(1.7) 2.43	(1.0) <.001* 

Geriatric	
resources

Physical	resources 65	(52.0) 60	(71.4) 5	(14.7) 0 <.001* 

Good	living	conditions 84	(67.2) 54	(64.3) 24	(70.6) 6	(85.7) .452

Social resources 106	(84.8) 75	(89.3) 27	(79.4) 4	(57.1) .044* 

Financial	resources 69	(55.2) 52	(61.9) 17	(50.0) 0 .005* 

Spiritual resources 64	(51.2) 44	(52.4) 16	(47.1) 4	(57.1) .827

Motivational resources 46	(36.8) 38	(45.2) 8	(23.5) 0 .010* 

Emotional	resources 75	(60.0) 53	(63.1) 20	(58.8) 2	(28.6) .198

Competence-related	
resources

58	(46.4) 52	(61.9) 6	(17.6) 0 <.001* 

Intellectual resources 94	(75.2) 72	(85.7) 21	(61.8) 1	(14.3) <.001* 

(Continues)
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3.3 | Adverse outcomes at follow‐up

Of	122	patients	who	completed	 the	1-year	 follow-up,	11	died	
(Table	 2).	 The	 MPI	 was	 significantly	 associated	 with	 adverse	
outcome	occurrence	at	follow-up	(Table	2,	P	<	 .001).	Similarly,	
the	long-lasting	management	by	the	same	physician	during	life	
and	 his	 prognosis	 judgement	 were	 significantly	 associated	 to	
the	 occurrence	 of	 adverse	 outcomes	 at	 follow-up	 (Table	 2,	
P	<	.001).

As	displayed	in	Figure	1,	the	MPI	reached	overall	an	area	under	
the	curve	(AUC)	of	77.5%,	showing	a	similar	predictive	power	than	
the	GP	physician	(80.4%,	P	=	.4).

3.4 | Number of GP contacts (GP)

The	average	number	of	GPC	in	the	1	year	prior	to	baseline	evalua-
tion	was	significantly	associated	with	the	MPI	(P	=	.028)	and	the	GP	
physician's	judgement	(P	=	.011).	On	average,	10.4	visits	performed	

per	patient	at	follow-up	(Table	3)	were	also	significantly	associated	
with	the	MPI	(P	=	.045).

A	 decimal	 point	 increase	 on	MPI	 (+0.1)	 implied	 an	 increase	 of	
12.9%	(P	=	.011)	in	the	number	of	GPC	at	1	year,	adjusting	for	gender,	
age,	level	of	educational	requirement	and	main	diagnosis	at	baseline.

For	 each	 increasing	 year	 of	 age,	 an	 increase	 of	 2.1%	on	mean	
GPC	per	quarter	 (P	=	 .028)	as	well	 as	an	 increase	of	GPC	of	9.7%	
(P	<	.001)	for	each	additional	diagnosis	were	observed,	adjusted	for	
gender	and	level	of	educational	requirements.

4  | DISCUSSION

The	main	result	of	the	present	investigation	is	that	the	CGA-based	
MPI	 is	 significantly	 associated	 with	 adverse	 outcomes	 after	 one	
year	in	older	adults	taken	care	of	in	a	GP	setting.	Notably,	the	MPI	
is	also	strongly	associated	to	number	of	GPC—both	in	the	year	pre-
ceding	and	following	the	evaluation—supporting	the	high	accuracy	
and	sensitivity	of	this	instrument	and	its	punctual	ability	to	describe	

 
Total
N = 125

MPI 1
N = 84 (67.2%)

MPI 2
N = 34 (27.2%)

MPI 3
N = 7 (5.6%) P‐value† 

GR	(%)	>	GS	(%),	n	(%) 106	(84.8) 83	(98.8) 22	(64.7) 1	(14.3) <.001* 

Note: The	analysis	of	the	number	of	GPC	per	patient	per	quarter	the	2	years	of	observation	were	taken.
Abbreviations:	GR,	geriatric	resources;	GS,	geriatric	syndromes;	IQR,	interquartile	range;	MPI,	multidimensional	prognostic	index;	SD,	standard	
deviation.
*Significant	at	significant	level	alpha	of	.05.	
†One-way	ANOVA	for	mean,	Kruskal-Wallis	for	median,	Chi-squared	or	Fisher's	exact	test	for	frequencies.	

TA B L E  1   (Continued)

TA B L E  2  Adjusted	probability	of	poor	outcomes	according	to	MPI	and	GP	practitioner's	judgement

Prognostic tool

Outcomes of interest

Overall 
Adverse 
Outcome‡ 
n = 66/122

Mortality
n = 11/122

Hospitalisation
n = 27/111

Fall
n = 22/111

Use of home 
care services
n = 6/111

GC
n = 27/111

Nursing  
home 
admission
n = 9/111

MPI,	(%) Low
n	=	83

5.3 17.6 15.6 2.2 6.1 2.2 39.7

Moderate
n	=	32

7.8 36.0 28.0 12.5 51.0 11.6 83.2

High
n	=	7

14.6 56.0 14.3 0 100 26.5 100

P-value†  .636 .063 .385 .052 <.001*  .054 <.001* 

GP	practitioner's	
judgement,	(%)

Low
n	=	60

2.9 14.0 19.2 1.8 2.9 3.2 34.6

Moderate
n	=	30

6.9 33.1 12.5 6.6 27.0 4.8 56.5

High
n	=	32

13.5 36.8 23.8 9.3 57.4 11.3 91.1

P-value†  .190 .058 .547 .367 <.001*  .326 <.001* 

Note: For	this	analysis	only	the	prospective	1	y	follow-up	was	considered	for	the	GPC.
Abbreviations:	GC,	grade	of	care;	GP,	general	practitioner;	MPI,	multidimensional	prognostic	index.
*Significant	at	level	alpha	of	0.05.	
†P-values	were	referred	to	a	logistic	regression	adjusted	for	age,	gender	and	level	of	educational	requirement.	
‡Including	mortality,	hospitalisation,	fall,	use	of	home	care	services,	GC,	nursing	home	admission.	
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with	fidelity	and	exactness	the	multidimensional	health	status	of	the	
older person.

The	MPI	is	largely	validated	and	is	known	as	a	reliable,	feasible	
prognosis	calculation	tool	in	hospitalised	patients,12,16,20,22,23,25,34-36 
also	considering	that	the	present	study	is	one	of	the	very	few	MPI	
investigations	on	outpatients.	 (Reviewer	2:	#5)	Although	 inpatient	
(Reviewer	1:	#1)	assessment	instruments	are	not	automatically	use-
ful	 in	general	practice2	 and	 the	MPI-assessment	 represents	 just	 a	
snapshot	in	time,	it	is	remarkable	that	its	performance	in	this	study	
is	 equally	 predictive	 for	 adverse	 outcomes	 as	 the	 judgement	 of	 a	
long-term	treating	GP	physician.	General	practitioners	as	co-ordina-
tors	of	care	and	“gate	keepers”	have	usually	a	profound	knowledge	
of	the	long-term	patient's	history.	The	present	observations	strongly	
support	the	use	of	the	MPI	as	a	structured,	rater-independent	tool	
able	to	provide	accurate	information	about	the	patient	even	in	the	
absence	of	detailed	patients	medical	records.37	Further	multicentric	
studies	are	needed	to	show	whether	the	MPI	in	a	larger	collective	of	
GP	patients	is	suitable	for	timely	identification	of	seniors	at	risk.	In	
the	few	existing	studies	exploring	the	power	of	the	GP	physician's	
judgement	 on	 adverse	 outcomes,	 very	 different	 accuracies	 have	
been	shown,38,39 suggesting that physicians’ personal attitudes may 
impact	on	the	quality	of	diagnosis	and	treatment	as	any	other	inter-
rater	 variability.	Drewes	 et	 al	 stated	 that	 a	GP-based	 assessment	
might	be	a	promising	 instrument	to	select	older	people	for	geriat-
ric care.38	Similarly,	the	MPI	could	serve	as	a	GP-based	structured,	
systematic	multidimensional	evaluation.	This	way,	the	treating	phy-
sician	could	focus	on	those	MPI-screened	patients	displaying	high	
risk	of	poor	outcomes.	On	 the	contrary,	 the	 routine	evaluation	of	
the	MPI	may	 enable	 the	 disclosure	 of	 potentially	 dangerous	 con-
ditions which would remain uncovered without a targeted inter-
view.39	Further	studies	are	needed	to	explore	the	question	if	a	GP	
physician's	early	identification	of	high-risk	older	adults	by	means	of	
MPI	is	feasible.

F I G U R E  1  ROC	curves	for	prediction	of	adverse	outcomes	at	
1-y	follow-up	by	the	MPI	and	by	the	GP.	No	significant	differences	
were observed
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Previous	 studies	 testing	 other	 predictive	 geriatric	 tools	 in	 GP	
showed	 limited	value,39-45	 for	 example	 the	 ISCOPE-score40 or the 
Easy-Care	 TOS46.	 The	 systematic	 performance	 of	 the	MPI	 clearly	
overcomes	the	limit	of	interrater	variability	and	displays	here	inde-
pendence	from	long-lasting	clinical	experience.

Possible	applications	for	the	use	of	the	MPI	in	an	outpatient	set-
ting	might	be	after	recent	doctor	change,	before	committal	to	an	un-
familiar	doctor	or	after	critical,	life-changing	events.	It	may	be	a	help	
for	 clinical	decision	making	 to	 identify	patients	at	 risk	 for	adverse	
outcomes	quickly	and	channelling	prevention	through	patient-cen-
tred	and	goal-orientated	early	care.

The	 average	 number	 of	GPC	per	 year,	 9.4	 in	 the	 year	 prior	 to	
evaluation	and	10.4	in	the	year	of	follow-up,	observed	in	the	present	
study is in agreement with estimates published in previous studies.7 
However,	we	could	not	confirm,	as	previously	shown,6 that the num-
ber	of	GPC	falls	with	age,	or	that	women	visit	the	doctor	more	often	
than	men.	While	Tille	 et	 al	 explained	 the	 smaller	 (Reviewer	1:	#2)	
utilisation	of	GP	with	 increasing	age	by	 the	 so-called	 “satisfaction	
paradox”	(the	objectively	increased	burden	of	disease	displays	sub-
jectively	a	minor	reason	for	a	GP	visit),6	 it	 is	 likely	that	the	partici-
pants	in	our	study	benefited	from	the	high	social	support	typically	
provided in a rural area. This possible reason is indeed supported 
by	 the	high	percentage	of	 the	patients	 in	our	 study	displaying	so-
cial	resources	(Table	1).	On	the	other	hand,	the	correlation	between	
number	of	GPC	and	age	observed	 in	our	study	does	not	allow	the	
achievement	of	any	particular	conclusion,	being	chronological	age,	
because	of	 heterogeneity,47	 often	disjoint	 from	biological	 age	 and	
its	multidimensional	aspects—those	in	fact	addressed	by	the	MPI.

The	 observation	 that	 the	 number	 of	 GPC	 is	 significantly	 cor-
related	to	the	MPI	enables	the	assumption	that	high	GPC	frequency	
is	an	alarm	signal	for	upcoming	adverse	outcomes.	Further	studies	
on	GP	are	necessary	to	investigate	the	role	of	the	MPI	for	monitoring	
the	number	of	GPC.

The	 MPI	 is	 significantly	 associated	 with	 nursing	 needs	 as	 as-
sessed	by	GC	as	well	as	with	absolute	numbers	of	GS	and	GR	and	
their	reciprocal	relationship	also	in	the	GP	setting,	confirming	previ-
ous observations in the inpatient setting.22,25

One	strength	of	the	study	is	that	it	may	be	used	for	power	cal-
culations	 for	 following	 confirmatory	 studies	 in	 different	 settings.	
(Reviewer	1:	#3)	Although	we	were	able	to	show	that	the	main	di-
agnosis	was	significantly	associated	with	the	MPI	(Table	1,	P	<	.001),	
the	number	of	main	diagnosis	groups	was	relatively	low.	Similarly,	the	
number	of	persons	with	respiratory	diseases	was	relatively	low	(five	
patients),	which	 could	 be	 because	 of	 underdiagnosis.	Additionally,	
the	term	“cardiovascular	disease”	covered	patients	of	different	se-
verities	of	this	disease	 in	the	absence	of	subgroups,	so	for	further	
studies	it	might	be	useful	to	differentiate	between	severity	degrees	
of	both	diseases	and	syndromes.	(Reviewer	1:	#4).

Our	 study	 has	 three	major	 limitations.	 First,	 the	 study	 sample	
with	125	patients	was	 relatively	 low,	 creating	 small	 subgroups	 for	
MPI.	However,	the	highly	significant	observations	obtained	for	the	
first	time	allow	a	reliable	 interpretation	as	a	basis	for	future	 large-
scale	(confirmatory)	studies.	Second,	the	GP	physician	in	our	study	

works	since	more	 than	30	years	 in	 this	 rural	 setting—because	 this	
is	a	rarity,	results	of	the	accuracy	of	this	GP	physician's	judgement	
cannot	be	transferred	to	every	GP	setting.	The	third	limitation	was	
the	 homogeneity	 of	 the	 patient	 sample	 as	 far	 as	 lifestyle	 and	 so-
cioeconomic	conditions	are	concerned,	as	most	patients	lived	in	the	
countryside	for	years.	A	multicentre	study	on	several	GPs	in	differ-
ent areas would be needed to pave the way to similar conclusions 
representative	of	the	general	population.

5  | CONCLUSION

In	summary,	the	MPI	is	significantly	associated	with	adverse	outcomes	in	
GP	patients	with	a	higher	number	of	GPC	being	a	potential	alarm	signal	
for	poor	prognosis,	suggesting	a	feasible	way	to	overcome	the	“know-
do	 gap”	 used	 to	 describe	 shortcomings	 in	 the	 CGA	 performance.48 
An	early	MPI	calculation	in	an	outpatient	setting	to	identify	patients	at	
risk	for	adverse	outcomes,	in	fact,	might	be	helpful	to	prevent	hospitali-
sation and unnecessary diagnostic or therapeutic interventions to lower 
healthcare	costs	by	a	targeted,	goal-orientated	and	personalised	care-
approach.12,18	Additionally,	we	confirmed	that	GC	and	the	number	of	GS	
and	GR	are	also	associated	with	prognosis,	therefore	their	assessment	
seems	 imperative.	Within	 this	 frame,	 the	 present	 study	 confirms	 the	
enormous	potential	of	shifting	the	focus	of	diagnosis	and	tailored	inter-
ventions	in	old	age	from	disease	to	the	reciprocal	relationship	between	
geriatric	 syndromes	 and	 resources.	 The	 latter—personal	 resources	 of	
the	older	adult-,25	 in	particular,	 represent	a	very	powerful,	 though	up	
to	 date	 neglected	 and	 dramatically	 underused,	 lever	 to	 improve	 self-
competence	and	ability	 from	 the	 side	of	patients	 to	accompany	clini-
cal	decision	making	(shared	decision	making)	on	one	side	and	enhance	
the	success	of	planned	interventions	on	the	other	side.	The	overall	aim	
of	systematically	assessing	individual	multidimensional	health	status	by	
means	of	structured	best	quality	tools	is	to	improve	patients’	trajectories	
and	smoother,	also	cost-effective	transitions	across	healthcare	settings.

ACKNOWLEDG EMENTS

There	was	no	funding	for	this	study.	The	results	were	partly	presented	
at	the	2018	annual	conference	of	the	German	Geriatrics	Society	and	
the	presentation	was	awarded	with	 the	 second-best	poster	price	of	
the	Society.	The	authors	are	grateful	 to	the	patients	who	took	their	
time	in	the	general	practice	to	take	part	in	that	interview.

DISCLOSURE S

For	 each	 author	 there	were	 no	 conflicts	 of	 interests,	 including	 all	
relevant	financial	 interest	 in	any	company	or	 institution	that	might	
benefit	from	the	publication.

AUTHOR CONTRIBUTIONS

AMM,	MCP	and	IB	conceived	and	designed	the	clinical	trial.	AMM	
and	TBet	performed	 the	experiments.	AMM	and	GS	 analysed	 the	



8 of 9  |     MEYER Et al

data.	AMM	wrote	the	paper.	AMM	and	MCP	conceived	the	manu-
script.	AMM,	GS,	IB,	TBet,	AWB,	JWR,	OK,	TBen,	AP	and	MCP	criti-
cally revised the manuscript.

ORCID

Anna Maria Meyer  https://orcid.org/0000-0002-8881-904X 

R E FE R E N C E S

	 1.	 Nolte	 E,	 Saltman	 RB.Assessing	 chronic	 disease	 management	 in	
European	health	systems	-	Concepts	and	approaches.	http://www.
euro.who.int/__data/asset	s/pdf_file/0009/27072	9/Asses	sing-
chron	ic-disea	se-manag	ement-in-Europ	ean-health-syste	ms.pdf.	
Accessed	March	25,	2019.

	 2.	 Junius-Walker	 U,	 Krause	 O.	 Geriatrisches	 assessment	 –	 Welche	
tests	 eignen	 sich	 für	 die	 Hausarztpraxis?	 DMW ‐ Deut Med 
Wochenschr.	2016;141:165-169.

	 3.	 Stuck	 AE,	 Iliffe	 S.	 Comprehensive	 geriatric	 assessment	 for	 older	
adults. BMJ. 2011;343:d6799.

	 4.	 Bauer	M,	 Fitzgerald	 L,	 Haesler	 E,	Manfrin	M.	Hospital	 discharge	
planning	for	frail	older	people	and	their	family.	Are	we	delivering	best	
practice?	A	review	of	the	evidence.	J Clin Nurs.	2009;18:2539-2546.

	 5.	 Koroukian	SM,	Schiltz	N,	Warner	DF,	et	al.	Combinations	of	chronic	
conditions,	functional	limitations,	and	geriatric	syndromes	that	pre-
dict health outcomes. J Gen Intern Med.	2016;31:630–637.

	 6.	 Tille	F,	Gibis	B,	Balke	K,	Kuhlmey	A,	Schnitzer	S.	[Sociodemographic	
and	health-related	determinants	of	health	care	utilisation	and	ac-
cess	 to	primary	 and	 specialist	 care:	Results	of	 a	nationwide	pop-
ulation	 survey	 in	 Germany	 (2006–2016)]	 Z Evid Fortbild Qual 
Gesundhwes.	2017;126:52-65.

	 7.	 Bundesvereinigung	K.Versichertenbefragung	der	Kassenärztlichen	
Bundesvereinigung.	 2011.	 http://www.kbv.de/media/	sp/KBV_
Versi	chert	enbef	ragung_2011_Ergeb	nisbe	richt.pdf.	 Accessed	
March	25,	2019.

	 8.	 Christensen	K,	Doblhammer	G,	Rau	R,	Vaupel	JW.	Ageing	popula-
tions: the challenges ahead. Lancet.	2009;374:1196-1208.

	 9.	 Polidoro	A,	Dornbusch	T,	Vestri	A,	Di	Bona	S,	Alessandri	C.	Frailty	
and disability in the elderly: a diagnostic dilemma. Arch Gerontol 
Geriatr.	2011;52:e75-e78.

	10.	 Beswick	 AD,	 Rees	 K,	 Dieppe	 P,	 et	 al.	 Complex	 interventions	 to	
improve	 physical	 function	 and	 maintain	 independent	 living	 in	
elderly	 people:	 a	 systematic	 review	 and	 meta-analysis.	 Lancet. 
2008;371:725-735.

	11.	 Bergert	 F,	 Hüttner	 U,	 Kluthe	 B,	 et	 al.Hausärztliche	 Leitline	
Geriatrisches	Assessment	in	der	Hausarztpraxis	sowie	Praxistipps	
zu	 geriatrischen	 Patienten.	 https	://www.degam.de/files/	Inhal	
te/Leitl	inien-Inhal	te/Dokum	ente/DEGAM-S1-Handl	ungse	mpfeh	
lung/053-015%20Ger	iatri	sches	%20Ass	essme	nt/053-015l_LL-
Hessen_DEGAM_Geria	trisc	hes_Asses	sment_in_der-Hausa	rztpr	
axis__2018-05-08.pdf.	Accessed	March	25,	2019.

	12.	 Roller-Wirnsberger	 R,	 Singler	 K,	 Polidori	 MC.	 Learning	 geriatric	
medicine:	a	study	guide	for	medical	students.	In:	Roller-Wirnsberger	
R,	Singler	K,	Polidori	M,	eds.	Learning Geriatric Medicine.	Practical	
Issues	in	Geriatrics.	Cham:	Springer	International	Publishing;	2018.

	13.	 Böhm	KT-RC,	Ziese	T.	Beiträge	zur	Gesundheitsberichterstattung	
des	 Bundes	 -	 Gesundheit	 und	 Krankheit	 im	 Alter.	 2009.	 https	://
www.rki.de/DE/Conte	nt/Gesun	dheit	smoni	torin	g/Gesun	dheit	
sberi	chter	statt	ung/GBEDo	wnloa	dsB/alter_gesun	dheit.pdf?__
blob=publi	catio	nFile	.	Accessed	March	25,	2019.

	14.	 Ferrucci	L,	Levine	ME,	Kuo	P-L,	Simonsick	EM.	Time	and	the	metrics	
of	aging.	Circ Res.	2018;123:740-744.

	15.	 Rubenstein	LZ,	Josephson	KR,	Wieland	GD,	English	PA,	Sayre	JA,	
Kane	RL.	Effectiveness	of	a	geriatric	evaluation	unit.	A	randomized	
clinical trial. N Engl J Med.	1984;311:1664-1670.

	16.	 Ellis	 G,	 Whitehead	 MA,	 Robinson	 D,	 O'Neill	 D,	 Langhorne	 P.	
Comprehensive	 geriatric	 assessment	 for	 older	 adults	 admitted	
to	 hospital:	 meta-analysis	 of	 randomised	 controlled	 trials.	 BMJ. 
2011;343:d6553.

	17.	 Martin	 FC.Comprehensive	 assessment	 of	 the	 frail	 older	 patient.	
http://www.eugms.org/filea	dmin/user_uploa	d/News_Docum	ents/
Publi	catio	ns/Compr	ehens	ive_Asses	sment_of_the_Frail_Older_
Patie	nt.pdf.	Accessed	March	25,	2019.

	18.	 Pilotto	A,	Cella	A,	Pilotto	A,	 et	 al.	 Three	decades	of	 comprehen-
sive	geriatric	assessment:	evidence	coming	from	different	health-
care	 settings	and	specific	 clinical	 conditions.	 J Am Med Dir Assoc. 
2017;18:192.e1-192.e11.

	19.	 Pilotto	A,	Martin	FC.	Comprehensive geriatric assessment.	In:	Pilotto	
A,	 Martin	 F,	 eds.	 Comprehensive Geriatric Assessment.	 Practical	
Issues	in	Geriatrics.	Cham:	Springer	International	Publishing;	2018.

	20.	 Pilotto	A,	Ferrucci	L,	Franceschi	M,	et	al.	Development	and	valida-
tion	of	a	multidimensional	prognostic	index	for	one-year	mortality	
from	comprehensive	geriatric	assessment	in	hospitalized	older	pa-
tients. Rejuvenation Res.	2008;11:151-161.

	21.	 Bureau	M-L,	Liuu	E,	Christiaens	L,	et	al.	Using	a	multidimensional	
prognostic	 index	 (MPI)	 based	 on	 comprehensive	 geriatric	 assess-
ment	(CGA)	to	predict	mortality	in	elderly	undergoing	transcatheter	
aortic valve implantation. Int J Cardiol.	2017;236:381–386.

	22.	 Meyer	AM,	Becker	I,	Siri	G,	et	al.	New	associations	of	the	multidi-
mensional	prognostic	index.	Z Gerontol Geriatr	2019;	52;460-467.

	23.	 Pilotto	 A,	 Panza	 F,	 Sancarlo	 D,	 Paroni	 G,	 Maggi	 S,	 Ferrucci	 L.	
Usefulness	 of	 the	 multidimensional	 prognostic	 index	 (MPI)	 in	
the	management	 of	 older	 patients	with	 chronic	 kidney	disease.	 J 
Nephrol.	2012;25:S79-S84.

	24.	 Pilotto	A,	Addante	F,	Franceschi	M,	et	al.	Multidimensional	prog-
nostic	 index	based	on	a	comprehensive	geriatric	assessment	pre-
dicts	 short-term	mortality	 in	older	patients	with	heart	 failure.	Cir 
Heart Fail.	2010;3:14–20.

	25.	 Meyer	AM,	Becker	I,	Siri	G,	et	al.	The	prognostic	significance	of	geri-
atric syndromes and resources. Aging Clin Exp Res. 2019. https :// 
doi.org/10.1007/s40520-019-01168-9	[Epub	ahead	of	print].

	26.	 Sancarlo	 D,	 D'Onofrio	 G,	 Franceschi	 M,	 et	 al.	 Validation	 of	 a	
Modified-Multidimensional	Prognostic	Index	(m-MPI)	including	the	
Mini	Nutritional	Assessment	Short-Form	(MNA-SF)	for	the	predic-
tion	of	one-year	mortality	 in	hospitalized	elderly	patients.	Journal 
Nutr Health Aging.	2011;15:169-173.

	27.	 Bliss	MR,	McLaren	R,	Exton-Smith	AN.	Mattresses	for	preventing	
pressure sores in geriatric patients. Mon Bull Minist Health Public 
Health Lab Serv.	1966;25:238-268.

	28.	 Linn	BS,	 Linn	MW,	Gurel	 L.	 Cumulative	 illness	 rating	 scale.	 J Am 
Geriatr Soc.	1968;16:622-626.

	29.	 Katz	S,	Downs	TD,	Cash	HR,	Grotz	RC.	Progress	in	development	of	
the	index	of	ADL.	Gerontologist.	1970;10:20-30.

	30.	 Lawton	MP,	Brody	EM.	Assessment	of	older	people:	self-maintaining	and	
instrumental	activities	of	daily	living.	Gerontologist.	1969;9:179-186.

	31.	 Pfeiffer	E.	A	short	portable	mental	status	questionnaire	for	the	as-
sessment	of	organic	brain	deficit	 in	elderly	patients.	 J Am Geriatr 
Soc.	1975;23:433-441.

	32.	 Baake	CP.	Begutachtungsverfahren NBA ‐ Pflegegrad bei Erwachsenen. 
2017.

	33.	 Züll	 C.Berufscodierung.	 2015.	 https	://www.gesis.org/filea	
dmin/uploa	d/SDMwi	ki/Archi	v/Beruf	scodi	erung_Zuell_81220	
14_1.0.pdf.	Accessed	March	25,	2019.

	34.	 Dent	E,	Kowal	P,	Hoogendijk	EO.	Frailty	measurement	in	research	
and clinical practice: a review. Eur J Intern Med.	2016;31:3-10.

	35.	 Pilotto	A,	Veronese	N,	Daragjati	 J,	 et	 al.	Using	 the	multidimensional	
prognostic	 index	 to	 predict	 clinical	 outcomes	 of	 hospitalized	 older	

https://orcid.org/0000-0002-8881-904X
https://orcid.org/0000-0002-8881-904X
http://www.euro.who.int/__data/assets/pdf_file/0009/270729/Assessing-chronic-disease-management-in-European-health-systems.pdf
http://www.euro.who.int/__data/assets/pdf_file/0009/270729/Assessing-chronic-disease-management-in-European-health-systems.pdf
http://www.euro.who.int/__data/assets/pdf_file/0009/270729/Assessing-chronic-disease-management-in-European-health-systems.pdf
http://www.kbv.de/media/sp/KBV_Versichertenbefragung_2011_Ergebnisbericht.pdf
http://www.kbv.de/media/sp/KBV_Versichertenbefragung_2011_Ergebnisbericht.pdf
https://www.degam.de/files/Inhalte/Leitlinien-Inhalte/Dokumente/DEGAM-S1-Handlungsempfehlung/053-015 Geriatrisches Assessment/053-015l_LL-Hessen_DEGAM_Geriatrisches_Assessment_in_der-Hausarztpraxis__2018-05-08.pdf
https://www.degam.de/files/Inhalte/Leitlinien-Inhalte/Dokumente/DEGAM-S1-Handlungsempfehlung/053-015 Geriatrisches Assessment/053-015l_LL-Hessen_DEGAM_Geriatrisches_Assessment_in_der-Hausarztpraxis__2018-05-08.pdf
https://www.degam.de/files/Inhalte/Leitlinien-Inhalte/Dokumente/DEGAM-S1-Handlungsempfehlung/053-015 Geriatrisches Assessment/053-015l_LL-Hessen_DEGAM_Geriatrisches_Assessment_in_der-Hausarztpraxis__2018-05-08.pdf
https://www.degam.de/files/Inhalte/Leitlinien-Inhalte/Dokumente/DEGAM-S1-Handlungsempfehlung/053-015 Geriatrisches Assessment/053-015l_LL-Hessen_DEGAM_Geriatrisches_Assessment_in_der-Hausarztpraxis__2018-05-08.pdf
https://www.degam.de/files/Inhalte/Leitlinien-Inhalte/Dokumente/DEGAM-S1-Handlungsempfehlung/053-015 Geriatrisches Assessment/053-015l_LL-Hessen_DEGAM_Geriatrisches_Assessment_in_der-Hausarztpraxis__2018-05-08.pdf
https://www.rki.de/DE/Content/Gesundheitsmonitoring/Gesundheitsberichterstattung/GBEDownloadsB/alter_gesundheit.pdf?__blob=publicationFile
https://www.rki.de/DE/Content/Gesundheitsmonitoring/Gesundheitsberichterstattung/GBEDownloadsB/alter_gesundheit.pdf?__blob=publicationFile
https://www.rki.de/DE/Content/Gesundheitsmonitoring/Gesundheitsberichterstattung/GBEDownloadsB/alter_gesundheit.pdf?__blob=publicationFile
https://www.rki.de/DE/Content/Gesundheitsmonitoring/Gesundheitsberichterstattung/GBEDownloadsB/alter_gesundheit.pdf?__blob=publicationFile
http://www.eugms.org/fileadmin/user_upload/News_Documents/Publications/Comprehensive_Assessment_of_the_Frail_Older_Patient.pdf
http://www.eugms.org/fileadmin/user_upload/News_Documents/Publications/Comprehensive_Assessment_of_the_Frail_Older_Patient.pdf
http://www.eugms.org/fileadmin/user_upload/News_Documents/Publications/Comprehensive_Assessment_of_the_Frail_Older_Patient.pdf
https://doi.org/10.1007/s40520-019-01168-9
https://doi.org/10.1007/s40520-019-01168-9
https://www.gesis.org/fileadmin/upload/SDMwiki/Archiv/Berufscodierung_Zuell_8122014_1.0.pdf
https://www.gesis.org/fileadmin/upload/SDMwiki/Archiv/Berufscodierung_Zuell_8122014_1.0.pdf
https://www.gesis.org/fileadmin/upload/SDMwiki/Archiv/Berufscodierung_Zuell_8122014_1.0.pdf


     |  9 of 9MEYER Et al

persons:	a	prospective,	multicenter,	international	study.	J Gerontol Ser 
A.	2018.	https	://doi.org/10.1093/geron	a/gly239	[Epub	ahead	of	print].

	36.	 Angleman	 SB,	 Santoni	 G,	 Pilotto	 A,	 Fratiglioni	 L,	 Welmer	 A-K.	
Multidimensional	prognostic	index	in	association	with	future	mor-
tality	and	number	of	hospital	days	in	a	population-based	sample	of	
older	adults:	results	of	the	EU	Funded	MPI_AGE	Project.	PLoS ONE. 
2015;10:e0133789.

	37.	 Van	 Kempen	 JAL,	 Melis	 RJF,	 Perry	 M,	 Schers	 HJ,	 Rikkert	 M.	
Diagnosis	of	frailty	after	a	comprehensive	geriatric	assessment:	dif-
ferences	between	 family	physicians	 and	geriatricians.	 J Am Board 
Fam Med.	2015;28:240-248.

	38.	 Drewes	 YM,	 Blom	 JW,	 Assendelft	WJJ,	 Stijnen	 T,	 Den	 Elzen	W,	
Gussekloo	 J.	Variability	 in	 vulnerability	 assessment	of	 older	 peo-
ple	by	individual	general	practitioners:	a	cross-sectional	study.	PLoS 
ONE.	2014;9:e108666.

	39.	 Sutorius	FL,	Hoogendijk	EO,	Prins	BAH,	Van	Hout	HPJ.	Comparison	of	
10	single	and	stepped	methods	to	identify	frail	older	persons	in	primary	
care: diagnostic and prognostic accuracy. BMC Fam Pract. 2016;17:102.

	40.	 van	Blijswijk	SCE,	Blom	JW,	de	Craen	AJM,	den	Elzen	W,	Gussekloo	J.	
Prediction	of	functional	decline	in	community-dwelling	older	persons	
in general practice: a cohort study. BMC Geriatrics.	2018;18:140.

	41.	 Daniels	R,	van	Rossum	E,	Beurskens	A,	van	den	Heuvel	W,	de	Witte	
L.	The	predictive	validity	of	three	self-report	screening	instruments	
for	 identifying	 frail	 older	 people	 in	 the	 community.	 BMC Public 
Health. 2012;12:69.

	42.	 Suijker	 JJ,	 Buurman	 BM,	 van	 Rijn	 M,	 et	 al.	 A	 simple	 validated	
questionnaire	 predicted	 functional	 decline	 in	 community-dwell-
ing older persons: prospective cohort studies. J Clin Epidemiol. 
2014;67:1121–1130.

	43.	 Drubbel	I,	De	Wit	NJ,	Bleijenberg	N,	Eijkemans	R,	Schuurmans	MJ,	
Numans	ME.	Prediction	of	adverse	health	outcomes	in	older	people	
using	a	frailty	index	based	on	routine	primary	care	data.	J Gerontol 
Ser A Biol Sci Med Sci.	2013;68:301–308.

	44.	 Woo	 J,	 Leung	 J,	 Morley	 JE.	 Comparison	 of	 frailty	 indicators	
based	 on	 clinical	 phenotype	 and	 the	 multiple	 deficit	 approach	
in predicting mortality and physical limitation. J Am Geriatr Soc. 
2012;60:1478-1486.

	45.	 Deckx	L,	van	den	Akker	M,	Daniels	L,	et	al.	Geriatric	screening	tools	
are	of	limited	value	to	predict	decline	in	functional	status	and	qual-
ity	of	life:	results	of	a	cohort	study.	BMC Fam Pract. 2015;16:30.

	46.	 Van	Kempen	JAL,	Schers	HJ,	Philp	I,	Olde	Rikkert	MGM,	Melis	RJF.	
Predictive	validity	of	a	two-step	tool	to	map	frailty	in	primary	care.	
BMC Med.	2015;13(1):287.

	47.	 Santoni	 G,	 Angleman	 S,	Welmer	 AK,	Mangialasche	 F,	Marengoni	
A,	Fratiglioni	L.	Age-related	variation	in	health	status	after	age	60.	
PLoS ONE. 2015;10:e0120077.

	48.	 Gladman	 J,	 Conroy	 SP,	 Ranhoff	 AH,	 Gordon	 AL.	 New	 horizons	
in	 the	 implementation	 and	 research	 of	 comprehensive	 geriatric	
assessment:	 knowing,	 doing	 and	 the	 ‘know-do’	 gap.	 Age Ageing. 
2016;45:194–200.

How to cite this article:	Meyer	AM,	Siri	G,	Becker	I,	et	al.	The	
Multidimensional	Prognostic	Index	in	general	practice:	One-
year	follow-up	study.	Int J Clin Pract. 2019;e13403. https ://
doi.org/10.1111/ijcp.13403 

https://doi.org/10.1093/gerona/gly239
https://doi.org/10.1111/ijcp.13403
https://doi.org/10.1111/ijcp.13403

