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eTable 1. Full database queries used in the present study 

Database Search no. Search terms No. of 

studies  

PubMed/medline 1 (Alzheimer*[Title]) AND (behavio* variant[Title] OR executive variant[Title] OR 

dysexecutive variant[Title] OR behavio*/dysexecutive AD[Title] OR frontal variant[Title] 

OR frontal presentation[Title] OR nonamnestic[Title] OR non-amnestic[Title] OR 

heterogene*[Title] OR atypical[Title]) 

492 

 2 (frontotemporal dementia[Title]) AND (pathology[Title] OR clinicopathologic* [Title]) 73 

Web of Science 1 TITLE: (Alzheimer*) AND TITLE: (behavio* variant  OR executive variant  OR 

dysexecutive variant  OR behavio*/dysexecutive AD  OR frontal variant  OR frontal 

presentation  OR nonamnestic  OR non-amnestic  OR heterogene*  OR atypical) 

581 

 2 TITLE: (frontotemporal dementia) AND TITLE: (pathology  OR clinicopathologic*) 111 
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eTable 2. Selection of frontal regions in autopsy studies  

Autopsy study Frontal Subregion 

Balasa et al. 20111 Not specified 

Blennerhassett et al. 20142 Randomly selected strips, perpendicular to the pial surface and spanning the cortical ribbon to 

the grey-white junction  

Phillips et al. 20183 Middle frontal gyrus 

Singleton et al. 20214 Frontal pole 
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eTable 3. Risk of bias assessment per domain according to the ROBINS-I tool per study included in the meta-analyses.  

Study D1 Bias 

due to 

confoundin

g 

D2 Bias in 

selection of 

participant

s into the 

study  

D3 Bias in 

classificat

ion of 

interventi

ons 

D4 Bias 

due to 

deviations 

from 

intended 

interventio

ns 

D5 Bias 

due to 

missing 

data  

D6 Bias in 

measure

ment of 

outcomes  

D7 Bias in 

selection 

of the 

reported 

result 

Overal bias 

Woodward et al. 20105 Y Y NA NA PY N N Serious risk of bias 

Balasa et al. 20111 PY PY NA NA N N N Moderate risk of bias 

de Souza et al. 20136 Y PN NA NA N N N Moderate risk of bias 

Mendez et al. 20137 Y PN NA NA N N N Moderate risk of bias 

Fernández-Calvo et al. 

20138 

PY PY NA NA PY N N Moderate risk of bias 

Blennerhassett et al. 

20142 

PY PN NA NA PN N N Moderate risk of bias 

Ossenkoppele et al. 

20159 

PN PN NA NA PN N N Moderate risk of bias 

Phillips et al. 20183 PN PY NA NA PN PY N Moderate risk of bias 

Sala et al. 202010 Y PN NA NA PY N PY Moderate risk of bias 

Therriault et al. 202011 PN PY NA NA PY N N Moderate risk of bias 

Bergeron et al. 202012 PY Y NA NA PY PN PY Moderate risk of bias 

Singleton et al. 20214 PN PN NA NA PN PY N Moderate risk of bias 

Lehingue et al. 202113 PY Y NA NA PY PN N Serious risk of bias 

Y=yes, N=no, PY=possible yes, PN=possible no.  
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eTable 4. Characteristics of included studies in chronological order 

Study Design Country N Partic

ipants 

Controls Age Sex MMSE Confirma

tion of 

AD 

Main topic of 

group study 

Type of data in 

case studies 

C

L 

C

O 

S

O 

N

I 

P

A 

G

E 

Brun et 

al. 

197614 

Case study Sweden 5 bvAD - 56 

(5.69) 

60 n/a Autopsy  X    X  

Shibaya

ma et al. 

197815 

Case study Japan 1 bvAD - 70 0 n/a Autopsy  X    X  

Shuttlew

orth 

198416 

Case study US 2 bvAD - 49 

(3) 

0 n/a No  X X  X   

Brun 

198717 

Case study Sweden 2 bvAD - 75 

(6) 

100 n/a Autopsy  X    X  

Perani et 

al. 

198818 

Case study 

(within a 

cross-sectional 

observational 

study) 

Italy 1 bvAD - 56 100 n/a No  X X  X   

Bird et 

al. 

198919 

Cross-sectional 

observational 

study 

US 2 bvAD - 66 

(1) 

0 n/a Autopsy  X    X X 

Grady et 

al. 

199020 

Cross-sectional 

observational 

study 

US 5 bvAD Subgroups 

of AD 

71.5 20 8 

(7) 

No Neuroimaging       

Molchan 

et al. 

199021 

Case study US 2 bvAD - 58 

(3) 

50 12.5 

(0.5) 

No  X X     
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Raux et 

al. 

200022 

Case series France 3 bvAD - 49.3 

(10.4) 

100 n/a Genetic        

Rippon 

et al. 

200323 

Case study US 2 bvAD - 43.5 

(1.5) 

0 18.5 

(5.5) 

Genetic  X X  X X X 

Yokota 

et al. 

200324 

Case study Japan 3 bvAD - 33.7 

(4.5) 

66.7 n/a Autopsy  X    X X 

Doran & 

Larner 

200425 

Case study  2 bvAD - 49 

(0) 

50 n/a Genetic  X    X X 

Kertesz 

et al. 

200526 

Cross-sectional 

observational 

cohort study 

Canada 1 bvAD - 

 

n/a n/a n/a Autopsy Clinicopatholo

gical 

      

Shi et al. 

200527 

Cross-sectional 

cohort study 

China 1 bvAD - 59 0 n/a Autopsy Clinicopatholo

gical 

      

Forman 

et al. 

200628 

Cohorts study US 19 bvAD FTLD 60.3 47 20.1 

(2-29) 

Autopsy Clinicopatholo

gical 

      

Larner 

200629 

Case study UK 2 bvAD - 54 

(2) 

0 16.5 

(0.5) 

No  X X  X  X 

Alladi et 

al. 

200730 

Corss-sectional 

observational 

cohort study 

UK 2 bvAD atypical 

AD 

n/a n/a n/a Autopsy Clinicopatholo

gical 

      

Rabinovi

ci et al. 

200731 

Cross-sectional 

observational 

study 

US 2 bvAD - 54 

(1) 

50 22.5 

2.5 

Amyloid 

PET 

Neuroimaging       

Snowden 

et al. 

200732 

Cross-sectional 

observational 

cohort study 

UK 12 bvAD AD & 

atypical 

AD 

49 

(8) 

25 n/a No Cognitive & 

Genetic 
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Taylor et 

al. 

200833 

Case study UK 1 bvAD - 66 0 28 Autopsy  X X  X X  

Kile et 

al. 

200934 

Case study US 1 bvAD - n/a 0 30 Autopsy        

Bigio et 

al. 

201035 

Cross-sectional 

observational 

study 

US 10 bvAD AD & 

FTD 

58 

(6.5) 

30 n/a Autopsy  X    X  

Habek et 

al. 

201036 

Case study Croatia 1 bvAD - 56 0 n/a Biopsy  X   X   

Lehman 

et al. 

201037 

Cross-sectional 

observational 

study 

UK 2 bvAD AD & 

FTD 

59 

(1.4) 

50 9.5 

(0.7) 

Autopsy Clinicopatholo

gical & 

Neuroimaging 

      

Piscopo 

et al. 

201038 

Case study Italy 1 bvAD - 63 n/a 11 Genetic  X X    X 

Woodwa

rd et al. 

20105 

Cross-sectional 

observational 

cohort study 

Canada 18 bvAD AD & 

FTD 

74.7 

(7) 

44.4 18.6 

5.9 

No Clinical & 

Genetic 

      

Balasa et 

al. 20111 

Cross-sectional 

observational 

cohort study 

Spain 7 bvAD AD & 

atypical 

AD 

55.6 

(3.7) 

28.6 n/a Autopsy Clinicopatholo

gical & 

Genetic 

      

Rabinovi

ci et al. 

201139 

 US 3 bvAD AD, FTD 

& CN 

n/a 

 

n/a n/a PET Neuroimaging       

Snowden 

et al. 

201140 

Cross-sectional 

observational 

study 

UK 2 bvAD - 60.5 

(6.5) 

50 n/a Autopsy Clinicopatholo

gical 
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Whitwell 

et al. 

201141 

Cross-sectional 

observational 

study 

US 3 bvAD AD & CN 58.33 

(3.3) 

33.3 n/a Autopsy Neuroimaging       

Borroni 

et al. 

201242 

Case study Italy 1 bvAD - 68 0 21 Genetic & 

CSF 

       

Duker et 

al. 

201243 

Case study US 1 bvAD - 58 0 n/a No  X X  X   

Wallon 

et al. 

201244 

Case series France 8 bvAD - n/a n/a n/a Genetic Genetic       

De 

Souza et 

al. 20136 

Case series France 8 bvAD AD, 

bvFTD & 

CN 

63.5 

(8.9) 

12.5 17.6 

5.6 

CSF Cognitive & 

Neuroimaging 

      

Fernande

z-Calvo 

et al. 

20138 

Cross-sectional 

observational 

study 

Spain 13 bvAD AD & CN 72.8 

(7.6) 

31 22.5 

2.1 

No Cognitive & 

Neuropsychiatr

ic 

      

Herrero-

San 

Martin et 

al. 

201345 

Case study Spain 2 bvAD - 56 

(4) 

50 n/a Autopsy  X    X  

Marini et 

al. 

201346 

Case study Italy 1 bvAD - 59 100 n/a Genetic         

Mendez 

et al. 

201346 

Cross-sectional 

observational 

cohort study 

US 21 bvAD FTLD 69.3 

(8.3) 

14.3 13.3 

9.4 

Autopsy Clinicopatholo

gical 
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Blennerh

assett et 

al. 20142 

Cross-sectional 

observational 

study 

Australia 6 bvAD AD & 

bvFTD 

68 

(14) 

33.4 n/a Autopsy Pathological       

Leger et 

al. 

201447 

Cross-sectional 

observational 

study 

US 31 bvAD FTLD n/a n/a n/a Autopsy Clinicopatholo

gical 

      

Nijgaard 

et al. 

201448 

Case study US 1 bvAD - 52 0 30 Genetic  X X  X  X 

Balasa et 

al. 

201549 

Cross-sectional 

observational 

study 

Spain 13 bvAD FTLD n/a n/a n/a Autopsy Clinicopatholo

gical 

      

Ossenko

ppele et 

al. 20159 

Cross-sectional 

observational 

study 

Netherla

nds & 

US 

55 bvAD AD, 

bvFTD & 

CN 

64.7 

(8.8) 

27.3 22.5 

5.4 

CSF/PET/

Autopsy 

Clinical, 

Cognitive & 

Neuroimaging 

      

Paterson 

et al. 

201550 

Cross-sectional 

observational 

study 

UK 8 bvAD AD, 

atypical 

AD & CN 

61.5 

(6.4) 

62.5 17.4 

6.1 

CSF/PET/

autopsy 

Cerebrospinal 

fluid 

      

Woodwa

rd et al. 

201551 

Cross-sectional 

observational 

study 

NA 13 bvAD AD 81.6 

(4.1) 

38.5 23.9 No Neuroimaging       

Li et al. 

201652 

Case study China 1 bvAD bvFTD 71 100 15 PET  X X  X  X 

Ossenko

ppele et 

al. 

201653 

Cross-sectional 

observational 

study 

US 1 bvAD AD, 

atypical 

AD & CN 

59 0 21 PET        

Scialo et 

al. 

201654 

Case study Italy 1 bvAD - 68 100 27 PET  X X  X  X 
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Dickerso

n et al. 

201755 

Case series US 1 bvAD - 62 100 n/a CSF  X X  X   

Duclos et 

al. 

201756 

Case study France 1 bvAD CN 60 100 n/a CSF  X X X X   

Kawakat

su et al. 

201757 

Case series Japan 3 bvAD - 57.7 

(1.3) 

33.3 n/a Autopsy  X   X X  

Oboudiy

at et al. 

201758 

Cross-sectional 

observational 

study 

US 2 bvAD - n/a n/a n/a CSF & 

autopsy 

Cerebrospinal 

fluid 

      

Perry et 

al. 

201759 

Cross-sectional 

observational 

study 

US 15 bvAD FTLD 62.8 

(43-

83) 

33.3 19.8 

6.9 

Autopsy Clinicopatholo

gical & 

Neuroimaging 

      

Rawtaer 

et al. 

201760 

Case study Canada 1 bvAD - 68 0 11 No  X X  X  X 

Sawyer 

et al. 

201761 

Case series US 3 bvAD - 76.3 

(3.1) 

33.3 n/a Autopsy  X X  X X  

Bagyinsk

zy et al. 

201862 

Case series Korea 1 bvAD - 41 100 24 Genetic  X X  X  X 

Boon et 

al. 

201863 

Cross-sectional 

observational 

study 

Netherla

nds 

3 bvAD AD 60.7 

(1.3) 

0 n/a Autopsy Pathological        

Phillips 

et al. 

20183 

Observational 

cross-sectional 

study 

US 22 b/dA

D 

AD, 

atypical 

AD & CN 

64.3 

(8.2) 

50 19.6 

8.4 

CSF/autop

sy 

Neuroimaging 

& Pathological 
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Seo et al. 

201864 

Retrospective 

observational 

study 

US 23 bvAD - n/a n/a n/a Autopsy Clinicopatholo

gical 

      

Whitwell 

et al. 

201865 

Cross-sectional 

observational 

study 

US 6 b/dA

D 

AD & 

atypical 

AD 

n/a n/a n/a PET Neuroimaging       

De 

Souza et 

al. 

201966 

Case study Brazil 1 bvAD - 68 100 29 CSF  X X X X   

Foiani et 

al. 

201967 

Cross-sectional 

observational 

study 

UK 2 bvAD FTLD n/a n/a n/a CSF Cerebrospinal 

fluid 

      

Monacell

i et al. 

201968 

Case study Italy 1 bvAD - 60 100 25 Genetic  X X  X  X 

Nolan et 

al. 

201969 

Cross-sectional 

observational 

study 

US 5 bvAD AD, 

atypical 

AD & CN 

66.2 

(4.8) 

20 n/a Autopsy Pathological       

Pawlows

ki et al. 

201970 

Cross-sectional 

observational 

study 

Germany 8 bvAD AD & 

FTD 

n/a n/a n/a CSF Clinical & 

Cerebrospinal 

fluid 
 

      

Phillips 

et al. 

201971 

Cross-sectional 

& longitudinal 

observational 

study 

US 12 bvAD AD, 

atypical 

AD & CN 

63.9 

(59.7-

69.5) 

41.7 23 

(17-26) 

CSF/autop

sy 

Neuroimaging       

Pillai et 

al. 

201972 

Cross-sectional 

observational 

study 

US 4 b/dA

D 

AD & 

atypical 

AD 

n/a n/a n/a CSF Cerebrospinal 

fluid 

      



Ossenkoppele et al. 2021 

 

© 2021 Ossenkoppele R et al. JAMA Neurology 

Tan et al. 

201973 

Cross-sectional 

observational 

study 

Australia 9 bvAD AD 65 

(10) 

22 n/a Autopsy Pathological       

Wang et 

al. 

201974 

Cross-sectional 

obersational 

study 

China 13 b/dA

D 

AD, 

atypical 

AD & CN 

68 

(3.4) 

69.2 17 

(5.6) 

PET Neuroimaging       

Wong et 

al. 

201975 

Case study Australia 1 bvAD AD, 

bvFTD & 

CN 

57 0 n/a PET  X X X X   

Bergeron 

et al. 

202012 

Cross-sectional 

observational 

study 

Canada 8 b/dA

D 

Atypical 

AD & 

FTD 

61.6 n/a 20.7 CSF/PET Neuroimaging       

Cai et al. 

202076 

Case study China 1 bvAD - 52 100 n/a PET  X X  X  X 

Cousins 

et al. 

202077 

Cross-sectional 

observational 

study 

US 2 bvAD AD, 

atypical 

AD, FTD 

& CN 

n/a n/a n/a Autopsy/ 

CSF 

Clinicopatholo

gical & 

Cerebrospinal 

fluid 

      

Li et al. 

202078 

Case study Taiwan 1 bvAD - 66 0 10 PET  X X  X  X 

Paquin et 

al. 

202079 

Case study Canada 1 bvAD - 60 100 28 Tau and 

amyloid 

PET 

 X X   X  

Sala et 

al. 

202010 

Cross-sectional 

observational 

study 

Italy 15 b/dA

D 

AD & 

atypical 

AD 

62.47 

(5.7) 

33.3 16.5 

(5.2) 

CSF Neuroimaging        

Scarioni 

et al. 

202080 

Cross-sectional 

observational 

study 

Netherla

nds 

35 bvAD FTLD n/a n/a n/a Autopsy Clinicopatholo

gical 

      

Singleto

n et al. 

202081 

Cross-sectional 

observational 

study 

US 29 bvAD AD, 

bvFTD & 

CN 

64.4 

(9.4) 

41 22 

(5.9) 

CSF/PET/

autopsy 

Neuroimaging       
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Therriaul

t et al. 

202011 

Cross-sectional 

observational 

study 

Canada 15 b/dA

D 

AD & CN 65.93 

(8.8) 

60 19.6 

(5.3) 

Tau & 

amyloid 

PET 

Neuroimaging       

Bergeron 

et al. 

202182 

Case series Canada 8 bvAD AD & 

bvFTD 

59.5 

(7.9) 

25 22.3 

(5.9) 

CSF/PET Cognivite & 

Neuropsychiatr

ic & 

Neuroimaging 

      

Lehingue 

et al. 

202113 

Cross-sectional 

prospective 

observational 

study 

France 20 bvAD AD & 

bvFTD 

71.5 

(66-

76) 

35 25 

(21-26) 

CSF Cognitive & 

Neuropsychiatr

ic & 

Neuroimaging 

      

Singleto

n et al. 

20214 

Cross-sectional 

observational 

study 

Netherla

nds, 

Sweden 

& US 

7 

& 

8 

bvAD AD 69.1 

(8.4) 

& 

66.6 

(6.0) 

14.3 

& 

50.0 

21.7 

(2.8) 

CSF/PET 

and 

autopsy 

Neuroimaging 

& Pathological  

      

Zhu et al. 

202183 

Case study China 1 bvAD - 63 0 3 CSF & 

PET 

 X X  X  X 

 

Numbers are depicted as mean (sd). CL=clinical, COG=cognition, SOC=social cognition, NI=neuroimaging, PA=pathological, GEN=genetic, CSF=cerebrospinal fluid, 

PET=positron emission tomography, AD=Alzheimer’s disease, bvAD=behavioral variant of Alzheimer’s disease, bvFTD=behavioral variant frontotemporal dementia.  
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eTable 5. Weighted mean percentage of patients with separate behavioral and neuropsychiatric symptoms in bvAD and bvFTD. 
  

Diagnosis bvAD bvFTD tAD P-value of χ2-test  
bvAD vs bvFTD 

P-value of χ2-test 

bvAD vs tAD 

bvFTD criteria, n□ 148† 313*       

Disinhibition 60.80 68.58   0.10 NA 

Apathy 68.80 77.37   0.05 NA 

Loss of empathy 54.64 53.64   0.83 NA 

Compulsiveness 45.00 68.50   <0.00001* NA 

Hyperorality 35.89 64.11   <0.00001* NA 

NPI, n◊ 52 156 1090▪     

Eating changes 41.33 44.64 31.4 0.57 0.12 

Night-time behaviors 39.60 40.73 20.0 0.94 0.0003* 

Irritability 50.81 42.15 42.9 0.33 0.32 

Euphoria 16.62 27.09 6.0 0.16 0.005* 

Anxiety 54.15 43.10 31.6 0.17 0.001* 

Depression 34.19 35.10 32.1 0.93 0.78 

Agitation 67.85 43.42 16.2 0.003* <0.00001* 

Hallucination 28.23 9.00 4.6 0.0003* <0.00001* 

Delusions 36.62 13.42 9.3 0.0003* <0.00001* 

Motor behavior 50.38 57.10 18.9 0.38 <0.00001* 
bvAD=behavioral variant of Alzheimer’s disease, bvFTD=behavioral variant frontotemporal dementia, tAD=typical Alzheimer’s disease. 
 

†Based on estimates from 7 group studies(de Souza et al. 20136, Mendez et al. 20137, Blennerhassett et al. 20142, Ossenkoppele et al. 20159, 

Perry et al. 201759, Leger et al. 201447, Phillips et al. 201971) 

* Based on estimates from 4 group studies (Mendez et al. 20137, Ossenkoppele et al. 20159, Perry et al. 201759, Leger et al. 201447) 

□ Percentages are based on percentage per symptoms assessed by NPI, clinical evaluation or chart reviews from studies specified above. 

◊ Percentages are based on percentage per symptoms assessed by NPI from two studies (Mendez et al. 20137, Leger et al. 201447). 

▪ Based on a cohort of Aβ-positive AD dementia patients from the Amsterdam dementia cohort (Eikelboom et al.84). 
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eTable 6. Results of functional connectivity and white matter hyperintensities in bvAD 

Study Subjects Age Sex MM

SE 

AD 

confirmation 

Contrasts Modality Findings 

Functional connectivity 

Wang et 

al. 

201974 

13 b/dAD 68.0 

(3.4) 

30.7

7 

17.0 

(5.6) 

PiB PET 38 typical AD,  

20 CU 

FDG-PET The left executive control network showed the highest goodness-

of-fit in both b/dvAD and tAD and no differences in PiB PET 

uptake in network templates was observed 

Phillips 

et al. 

201971 

12 bvAD 16.0 

[13.5, 

18.0] 

58.3 23.0 

[17.0, 

26.0] 

CSF/autopsy  17 typical AD Diffusion MRI Higher node degree predicted greater annualized grey matter 

volume loss in both bvAD and typical AD groups and bvAD 

showed a less negative slope of association between node degree 

and longitudinal atrophy than typical AD 

Singleton 

et al. 

202081 

29 bvAD 64.4 

(9.4) 

59.0 22.0 

(5.9) 

CSF/PET/autops

y  

28 typical AD, 28 

bvFTD, 34 CU 

FDG-PET The anterior default mode network showed highest goodness-of-fit 

in bvAD (tAD <bvAD=bvFTD), and significantly less metabolic 

connectivity of the posterior cingulate cortex to the (right) 

prefrontal cortex was observed in bvAD compared to tAD   

White matter hyperintensities 

Singleton 

et al. 

202081 

29 bvAD 64.4 

(9.4) 

59.0 22.0 

(5.9) 

CSF/PET/autops

y  

28 typical AD, 28 

bvFTD, 34 CU 

FLAIR-MRI In comparison to tAD, bvAD patients showed lower juxtacortical 

left temporal and subcortical WMHV and higher right temporal 

juxtacortical WMHV 

 

b/dAD=behavioral/dysexecutive variant of Alzheimer’s disease, bvAD=behavioral variant of Alzheimer’s disease, bvFTD=behavioral variant frontotemporal dementia, 

tAD=typical Alzheimer’s disease, CU=cognitively unimpaired individuals, CSF=cerebrospinal fluid, PET=positron emission tomography, MRI=magnetic resonance imaging.  
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eFigure 1. Funnel plots of meta-analyses of behavorial/neuropsychiatric data for behavioral 

variant AD versus typical AD and bvFTD. 

 

Funnel plots displaying the position of individual studies on their standardized mean difference (x-axis) relative 

to their standard error (y-axis). If no publication bias were present, studies would be aligned symmetrically within 

the dotted triangles, indicating symmetrical locations surrounding the mean effect size, with smaller studies at the 

lower ends of the plot and larger studies on the higher end of the plot.. The dark blue, medium dark blue and light 

blue parts represent the locations where the effect of the individual study is significant at p<0.05, p<0.025 and 

p<0.01 compared to the standardized mean difference at 0, whereas the dotted lines represent the mean effect size 

of the specific studies included. The current plots suggest a lower symmetrical tendency in bvAD vs tAD contrasts 

compared to bvAD vs bvFTD contrasts, indicating higher publication bias in the bvAD vs tAD contrasts, although 

the number of studies and sample sizes were small.  
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eFigure 2. Funnel plots of meta-analyses for behavioral and neuropsychiatric symptom data 

separately for bvAD vs typical AD and bvFTD. 

 

Funnel plots displaying the position of individual studies on their standardized mean difference (x-axis) relative 

to their standard error (y-axis). If no publication bias were present, studies would be aligned symmetrically within 

the dotted triangles, indicating symmetrical locations surrounding the mean effect size, with smaller studies at the 

lower ends of the plot and larger studies on the higher end of the plot. The dark blue, medium dark blue and light 

blue parts represent the locations where the effect of the individual study is significant at p<0.05, p<0.025 and 

p<0.01 compared to the standardized mean difference at 0, whereas the dotted lines represent the mean effect size 

of the specific studies included. The current plots suggest a higher symmetrical tendency in the MMSE contrasts 

than in the memory and executive domains, indicating higher publication bias in the memory and executive 

functioning domains than in the MMSE, although the number of studies and sample sizes were small.  

 

 

 

 



Ossenkoppele et al. 2021 

 

© 2021 Ossenkoppele R et al. JAMA Neurology 

eFigure 3. Funnel plots of meta-analyses of neuropathological data in bvAD versus typical 

AD and bvFTD. 

 

Funnel plots displaying the position of individual studies on their standardized mean difference (x-axis) relative 

to their standard error (y-axis). If no publication bias were present, studies would be aligned symmetrically within 

the dotted triangles, indicating symmetrical locations surrounding the mean effect size, with smaller studies at the 

lower ends of the plot and larger studies on the higher end of the plot. The dark blue, medium dark blue and light 

blue parts represent the locations where the effect of the individual study is significant at p<0.05, p<0.025 and 

p<0.01 compared to the standardized mean difference at 0, whereas the dotted lines represent the mean effect size 

of the specific studies included. Although few studies were included per plot, the current plots show an overall 

symmetrical tendency, marking marginal publication bias. 
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eFigure 4. Summary results of Risk of Bias assessment according to the ROBINS-I tool for studies included in the meta-analyses 

The ROBINS-I tool for non-randomized studies (https://www.riskofbias.info/) was applied to assess Risk of Bias across studies. Since the domains ‘Bias in classification of 

interventions’ and ‘Bias due to deviations from intended interventions’ were not applicable to the currently assessed studies, these were not filled out (NA=not available). See 

Table S3 for further details. 
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eFigure 5. Flow chart of study inclusion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AD=Alzheimer’s disease, bvAD=behavioral variant of AD, bvFTD=behavioral variant frontotemporal dementia, 

CSF=cerebrospinal fluid, PET=positron emission tomography.
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eFigure 6. Meta-analyses for behavior and neuropsychiatric symptoms separately in bvAD vs typical AD and bvFTD 

Plots showing meta-analysis results for behavior and neuropsychiatric symptoms separately between patient groups. These plots show similar scores in both behavioral as 

neuropsychiatric scales scores in bvAD versus bvFTD and a similar difference in behavioral and neuropsychiatric scale scores in bvAD versus typical AD. For all meta-analyses, 

positive standardized mean differences indicate a greater neuropathological burden in bvAD versus typical AD.  

bvAD=behavioral variant of AD, tAD=typical AD, bvFTD=behavioral variant frontotemporal dementia, FAB=Frontal Assessment Battery, PBAC=Philadelphia Brief 

Assessment of Cognition, DCQ=Dépistage Cognitif de Québec, SMD=standardized mean difference.   
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eFigure 7. Meta-analyses for neuropathological data in bvAD vs typical AD  

 

The figure shows results of meta-analyses across frontal (top row), medial temporal (middle row) and occipital (bottom row) regional quantification of postmortem tau (left 

column) and amyloid-β (right column) pathology in bvAD versus typical AD. Frontal regions included the frontal pole4, middle frontal gyrus3 and randomly selected frontal 

areas2, and was not further specified in one study1. For all meta-analyses, positive standardized mean differences indicate a greater neuropathological burden in bvAD versus 

typical AD.  

SMD=standardized mean difference, S-Q=semi-quantitative.  
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eFigure 8. Differences and overlap between bvAD and dysexecutive AD 

  

Differences and overlap between the behavioral variant of AD (bvAD) as proposed in the current work and the dysexecutive variant of AD as 

proposed elsewhere85 in terms of behavioral features, cognitive performance and confirmation of AD pathology. 
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