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There	may	be	misconceptions:	
(post	operative)	cognitive	decline,	
cognitive	impairment,	and	dementia

Q:		What	is	the	difference	between	cognitive	
decline,	cognitive	impairment	and	dementia?

A. They	are	all	on	the	same	continuum
B. Cognitive	decline	is	normal,	but	cognitive	

impairment	and	dementia	are	not
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What	about	dementia?
Q:	When	does	dementia	begin?

A) 20	years	before	it	is	clinically	manifest
B) Mostly	after	the	age	of	75
C) A	&	B



Prevalence	and	Incidence



Our	research	questions
• In	a	population	based	cohort	of	twins…

• Risk	of	surgical	and	non-surgical	hospitalizations	on	
incident	dementia
• N	of	hospitalizations
• Age	at	hospitalization
• When	the	risk	becomes	apparent

• Twin	design	and	APOE4	to	test	for	genetic	susceptibility	



Methodological	challenges
• Those	in	prodromal	phase	may	be	susceptible	
e.g.	to	falls,	leading	to	hospitalization

• Surveillance	bias:	
• Extra	follow-up	for	cognition	once	in	hospital
• Register	data:	good	for	dates	for	hospitalization	
but	not	for	onset	of	dementia



Swedish Twin Register
• Established 1960’s
• World’s largest, most comprehensive
• 105 000 twin pairs
• Born 1886 - 2010

• Questionnaires and health examinations
• National health registry linkage
• Longitudinal data 

• Blood, serum, DNA (50,000 twins)



STR (n>200,000)

Twins in longitudinal aging studies  
(Clinical cohort; n=14,010)

Dementia diagnoses 
through 

clinical workup

Cases: 1st 
demented twin 
in a twin pair 

(n=843)

2 unrelated controls 
matched by sex and 

year of birth. (n=1,686)

Clinical sample

All twins < 65 yrs in 1977 
(Register-based cohort; n=60,172)

Dementia diagnoses via 
linkage to national 
health registries

Cases: 1st 
demented twin 
in a twin pair 

(n=4,293)

5 unrelated controls 
matched by sex and 

year of birth. 
(n=21,4655)

Register-based sample

Nested	Case-Control	Analyses	

Sample	creation	
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§ Participants in longitudinal studies of aging 
• Neurocognitive testing used to trigger dementia diagnostic assessment
• Ave age at start 60 yrs; Ave age of dementia dx 77;
• Ave follow-up 17 years; 

Clinical cohort



§ At most 65 yrs and dementia free at start of follow-up
• Ave age at start of follow-up 52 yrs; Ave age at dem dx 77 yrs
• Ave follow-up 24.8 yrs;

§ Diagnoses from Patient Registry, Cause of Death, Prescriptions

Register-based cohort

1912 1958 1977 2017

Birth years Follow-up



Dementia	risk	due	to	types	of	hospitalization

cases ctrls OR

Non-
Surgical

485 771 1.72 (1.42:	2.07)

Surgical 377 717 1.11 (0.93:	1.33)

Thoracic 23 32 1.42	(0.81:	2.48)

Abdom 185 377 0.98	(0.78:	1.22)

Orthop 82 121 1.41 (1.02:	1.94)

Proximal	
femur

45 58 1.65 (1.07:	2.56)

Complic 14 25 1.36	(0.67:	2.74)

cases ctrls OR

Non-
Surg

2,743 11,176 1.67 (1.55:	1.79)

Surg 2,481 10,761 1.30 (1.21:	1.39)

Thor 261 1093 1.22 (1.06:	1.40)

Abd 1,273 5,772 1.15 (1.07:	1.24)

Orth 381 1,584 1.22 (1.09:	1.38)

Prox
femur

237 756 1.63 (1.40:	1.91)

Comp 135 506 1.34 (1.10:	1.62)

Clinical	Diagnoses Register	Diagnoses



Interpretations
• Clearly	an	effect	of	non-surgical	hospitalization

• Much	greater	than	surgical	hospitalizations

• All	surgical	hospitalizations	significant	in	register-
based
• Only	orthopedic	and	proximal	femur	fracture	in	
clinical

• Femur	may	reflect	falls	in	prodromal	dementia
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                     Age at hospitalization (y)                                    Time from hospitalization to dementia (y)

Non-surgical
p < 0.0001

Surgical
p = 0.11
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              All cases                                                                     Only AD cases
Number of hospitalizations

What	Influences	Risk?
Number	of	hospitalizations Age	at	hospitalization Time	since	hospitalization
Non-surg Non-surg Non-surgSurgical Surgical Surgical

Clinical	diagnoses

Hospital	dx	in	register
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Interpretations
• Risk	increases	with	additional	non-surgical
hospitalizations	not	surgical

• Age	at	hospitalization	
• Matters	more	for	non-surgical

• Due	to	reason	for	hospitalization?
• Risk	for	thoracic	and	abdominal	only	before	age	70	

• Selection	biases	in	willingness	to	operate	on	elderly	(only	on	
cognitively	healthy)?	

• Risk	apparent	only	after	5-20	years!
• Something	different	from	post-operative	cognitive	
dysfunction



Genetic	susceptibility?	
Harnessing	the	power	of	twins

• MZs	share	100%	of	their	genes
• Differences	within	a	pair	must	be	due	to	environment!

• DZs	share	50%
• Differences	reflect	both	environment	and	genes

• Reduction	of	effect	from	DZ	to	MZ	indicates	“genetic	
confounding”
• Genetic	effects	for	dementia	and/or	exposure	behind	the	
association



DZ	and	MZ	twin	pairs	discordant	for	dementia

case ctrl OR

Clinical dx N=140

Non-
Surgical

36 27 1.35 (0.81:	2.24)

Surgical 30 24 1.21	(0.70:	2.08)

Hospital	dx	in	register N=469

Non-
Surgical

113 99 1.13	(0.86:	1.48)

Surgical 115 90 1.29	(0.98:	1.70)

case ctrl OR

Clinical dx N=341

Non-
Surg

94 67 1.43 (1.04:	1.96)

Surg 98 60 1.68 (1.21:	2.33)

Hospital	dx	in	register N=1,318

Non-
Surg

471 322 1.46 (1.27:	1.69)

Surg 447 347 1.29 (1.12:	1.48)

No	increased	risk	in	MZ	pairs
Reduction	in	effect	=	role	of	genetic	susceptibility!!

DZ	pairs MZ	pairs



Evidence	of	gene-environment	interaction:
Role	of	APOE

• Interaction	for	Non-Surgical (sig.	interaction)
• OR	e4+		1.15
• OR	e4- 1.91

• MZ	pairs	discordant	for	dementia:	(Not	Sig.)
• OR	e4+		1.21 OR	e4+		0.95	(surgical)
• OR	e4- 1.39 OR	e4- 1.60	(surgical)

• Are	e4	carriers	past	the	threshold	for	dementia
• And	hence	less	susceptible	to	extra	trigger?



Limitations
• Low	sensitivity	of	registry-based	dx

• 60%
• But	high	specificity	(98%)
• Should	result	reduction	of	effect	toward	null!!

• Did	not	look	at	cognitive	decline
• But	had	long	follow-up	for	evaluating	dementia

• No	information	on	anesthesia	



Back	to	our	research	questions
ü Risk	of	surgical	< non-surgical	hospitalizations	on	incident	

dementia
ü N	of	hospitalizations	only	increases	risk	of	non-surgical
• Age	at	hospitalization	depends	on	reason	for	hospitalization
• When	risk	becomes	apparent	evident	first	5-20	years

ü Twin	design	to	test	for	genetic	susceptibility
ü Due	in	part	to	genetic	susceptibility	for	the	underlying	reason	

for	hospitalization
üMore	so	in	e4- not	past	the	threshold	for	dementia	



Last	question
Q:	Would	you	hesitate	to	operate	an	elderly	person	
(>70	yrs)	due	to	potential	risk	for	dementia	5-20	
years	later?

A) No
B) Yes
C) Not	sure		



Thank you!
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§ Margaret Gatz
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§ NIH
• AG 04563, AG 10175
• AG 08724, AG 08861

§ Swedish Research Council
§ FAS/FORTE
§ Törsten Söderberg Foundation
§ Stockholm County Council
§ Swedish Brain Foundation

SupportCollaborators


