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Abstract

Objective: Only a few studies have evaluated modifiable risk factors for fron-

totemporal dementia (FTD). Here, we evaluated several modifiable factors and

their association with disease phenotype, genotype, and prognosis in a large

study population including Finnish and Italian patients with FTD and control

groups. Methods: In this case–control study, we compared the presence of sev-

eral cardiovascular and other lifestyle-related diseases and education between

Finnish and Italian patients with familial (n = 376) and sporadic (n = 654)

FTD, between different phenotypes of FTD, and between a subgroup of Finnish

FTD patients (n = 221) and matched Finnish patients with Alzheimer’s disease

(AD) (n = 214) and cognitively healthy controls (HC) (n = 100). Results:

Patients with sporadic FTD were less educated (p = 0.042, B = -0.560, 95% CI

�1.101 to �0.019) and had more heart diseases (p < 0.001, OR = 2.265, 95%

CI 1.502–3.417) compared to patients with familial FTD. Finnish FTD patients

were less educated (p = 0.032, B = 0.755, 95% CI 0.064–1.466) compared with

AD patients. The Finnish FTD group showed lower prevalence of hypertension

than the HC group (p = 0.003, OR = 2.162, 95% CI 1.304–3.583) and lower

prevalence of hypercholesterolemia than in the HC group (p < 0.001,

OR = 2.648, 95%CI 1.548–4.531) or in the AD group (p < 0.001, OR = 1.995,

95% CI 1.333–2.986). Within the FTD group, clinical phenotypes also differed

regarding education and lifestyle-related factors. Interpretation: Our study sug-

gests distinct profiles of several modifiable factors in the FTD group depending

on the phenotype and familial inheritance history and that especially sporadic

FTD may be associated with modifiable risk factors.

Introduction

Frontotemporal dementia (FTD) is a clinically, geneti-

cally, and pathologically heterogenous group of neurode-

generative diseases characterized by progressive cognitive

impairment and alterations in speech, behavior, and per-

sonality. FTD is known to be the second most common

form of presenile dementia (i.e., dementia with onset

before 65 years of age) and the third most common type

of dementia in all age groups after Alzheimer’s (AD) and

dementia with Lewy bodies.1

Although most FTD cases worldwide are sporadic, a

large number of cases are familial. About 40% of FTD

patients have a positive family history of dementia and

approximately 10% of these are inherited in an autosomal

dominant manner.2 The hexanucleotide repeat expansion
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in the C9orf72 gene and mutations in MAPT and GRN

genes are the most frequent genetic alterations causing

FTD. Of these three, the C9orf72 repeat expansion is the

most common3 and especially frequent in the Scandinavia

and Northern Europe,1 causing the majority of familial

FTD and amyotrophic lateral sclerosis (ALS) cases in Fin-

land4 while GRN mutations are the most common genetic

etiologies for FTD in Italy.5,6 The C9orf72 repeat expan-

sion and GRN mutations are known to associate with

TAR DNA-binding protein 43 (TDP-43) neuropathology,

whereas MAPT mutations lead to hyperphosphorylated

tau protein accumulation.

So far, only a few studies have evaluated nongenetic

and potentially modifiable risk factors, such as cardiovas-

cular comorbidities or education in FTD. Studies have

suggested potential associations between FTD and prior

head trauma,7–10 diabetes,11 and autoimmune condi-

tions12 and conversely, inverse associations between FTD

and cardiovascular health.8,13 Notably, the cohort sizes of

these studies have been limited. Furthermore, the poten-

tial associations between these modifiable factors and dis-

ease phenotype, genotype, or disease progression in the

FTD spectrum are unknown.

Identification of potentially modifiable factors affecting

either sporadic or genetic FTD would be crucial for dis-

ease prevention and considering potential disease-

modulating treatment strategies.

The aim of the present study was to examine the possi-

ble modifiable risk factors, including cardiovascular dis-

eases and education in relation to FTD, and also their

influence on disease progression and prognosis in Italian

and Finnish patients with FTD. We evaluated several

modifiable factors and their association to disease pheno-

type, genotype, and progression in a large multicenter

cohort of Finnish and Italian patients with FTD.

Materials and methods

Standard protocol approvals, registrations,
and patient consents

The study was performed according to the principles of

the Declaration of Helsinki. Written informed consent

was obtained from the participants. The study protocol

was approved by the research ethics committees of North-

ern Savo hospital district or Northern Ostrobothnia hos-

pital district and of Brescia hospital.

Study participants

In total, 1030 patients with FTD participated in the study.

Within the FTD group, there were 500 patients diagnosed

with behavioral variant frontotemporal dementia (bvFTD),

160 with a nonfluent variant of primary progressive aphasia

(nfvPPA), 66 with a semantic variant of primary progres-

sive aphasia (svPPA), 55 with frontotemporal dementia

with motor neuron disease (FTD-MND), 123 with progres-

sive supranuclear palsy (PSP), and 126 with corticobasal

degeneration (CBD). Of the FTD cohort, 221 patients were

Finns (90/221 from Oulu University Hospital and 131 from

Kuopio University Hospital), and 809 patients were Italian

(all from Brescia University Hospital). All patients with

FTD were diagnosed by a neurologist specialized in cogni-

tive disorders using the latest diagnostic criteria.14,15

According to these criteria, three of six features (disinhibi-

tion, apathy or inertia, loss of sympathy or empathy, com-

pulsive or perseverative behavior, hyperorality, and

dysexecutive neuropsychological profile) are required for a

diagnosis of “possible” bvFTD, and “probable” bvFTD adds

changes in neuroimaging (frontal and/or temporal atrophy

or hypoperfusion) and functional disability. BvFTD with

“definite frontotemporal lobar degeneration” requires

histopathological proof (autopsy or brain biopsy) or a

known causal pathogenic mutation. For PPA patients, a

diagnosis requires all three inclusion criteria to be met: dif-

ficulties with language as the most prominent clinical fea-

ture, daily living activities impaired mainly because of these

difficulties, and aphasia as the most significant deficit at the

time of symptom onset and during early stages of the dis-

ease. Once a PPA diagnosis is made, PPA is further classi-

fied into either nfvPPA, svPPA, or lvPPA. Probable CBD

criteria require subtle onset and progression of symptoms

for at least 1 year, age at onset over 50 years, no notable

genetic background (similar family history or known muta-

tions), and a clinical phenotype of probable CBD (motor

symptoms). A possible CBD diagnosis has no restrictions

on age or family history, allows mutations in tau, and has

less strict phenotype fulfillment criteria. Each of the partici-

pants underwent appropriate diagnostic procedures includ-

ing neurological and neuropsychological examination and

brain imaging. Most patients underwent genetic testing

after giving informed consent. All patients with FTD included

in the study fulfilled at least probable bvFTD, nfvPPA, or

svPPA criteria14,15 or probable criteria for PSP/CBD.16,17

As a control group, 214 age- and sex-matched patients

with AD were recruited from Finland, 139 from Kuopio

University Hospital, and 75 from Oulu University Hospi-

tal. All patients with AD were diagnosed by neurologists

specialized in memory disorders and the diagnoses were

based on neurological and neuropsychological examina-

tion, neuroimaging, and cerebrospinal fluid AD biomar-

ker (b-amyloid42, phosphorylated tau, and/or tau protein)

testing. All patients fulfilled at least probable AD diagno-

sis according to criteria by McKhann et al.18

The second control group included 100 age- and sex-

matched patients with normal cognition recruited and
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examined at the memory outpatient clinic of Kuopio

University Hospital. Individuals in the cognitively healthy

control (HC) group were referred to the memory depart-

ment due to subjective cognitive complaints. They under-

went the same evaluations for cognitive disorders as the

AD group and were eventually classified as not cognitively

impaired and without any diagnosed progressive neurode-

generative disorder at the baseline and after clinical

follow-up. Retrospective evaluation of the electronic

patient records was performed until the data collection

for this study to exclude any indications of possible neu-

rodegenerative diseases later on.

Genetic analyses and evaluation of familial
inheritance

The C9orf72 repeat expansion status was analyzed from

the FTD cohort using the repeat-primed polymerase chain

reaction assay (Renton et al. 2011). The FTD cohort

included 92 C9orf72 repeat expansion carriers (60 from

Finland, 32 from Italy). From the Italian patients, muta-

tions in GRN, MAPT, and other common FTD-associated

mutations were screened, resulting in 61 GRN mutation

carriers, 4 MAPT mutation carriers, 2 SQSTM mutation

carriers, 5 TARDBP mutation carriers, and 1 TBK1 muta-

tion carrier. Other genetic alterations than the C9orf72

repeat expansion were not systematically screened from

the Finnish patients, as these mutations have been shown

to be extremely rare in the Finnish FTD patients.19–21 In

total, the present cohort included 165 genetic FTD

patients with causal mutations.

In addition to the genetic subgroups, we considered

the FTD group based on positive family history. The

familial FTD group (N = 376) included patients with

detected causal mutations and/or patients with a Gold-

man score of ≤3. Sporadic FTD group (N = 654)

included patients with a Goldman score = 4.22

Clinical review

Medical records of all patients were retrospectively screened

for the presence of categorical/dichotomous variables:

whether they represented the variable (1) or not (0), at the

baseline visit (the cutoff point). The categorical variables

included sex, nationality, heart disease (arrhythmias, valvu-

lar diseases, coronary artery disease all combined), hyper-

tension, diabetes mellitus, hypercholesterolemia, and

smoking (current/ex-smoker vs. never smoker). As contin-

uous variables, we collected baseline data for Mini-Mental

State Examination (MMSE) and modified FTD clinical

dementia rating (FTD-CDR) scores, years of education,

body mass index (BMI), blood total cholesterol concentra-

tion, and blood fasting glucose concentration. Family

history of neurodegenerative diseases was assessed based on

the Goldman criteria.22

Only comorbidities present before the baseline visit were

included. In cognitively healthy controls, the cutoff point was

regarded as the age at which stated cognitively healthy by

neurologists based on neurological and neuropsychological

examination and other examinations. Age of disease onset

was self-reported by either the patient or a close relative.

The collected variables were compared between the

FTD, AD, and cognitively healthy groups (including only

Finnish patients in each group) as well as within the total

FTD group comparing the FTD subgroups based on

familial/genetic status or clinical subtype.

Statistical analyses

Statistical analyses were performed with SPSS Statistics ver-

sion 27. The Shapiro–Wilk test and visual inspection were

used to evaluate the distribution of the data considering

the normality requirements of regression models. Compar-

ison between two categorical variables was compared with

binary logistic regression, adjusted for age, sex, and nation-

ality. Two continuous variables or continuous and categor-

ical variables were compared with a general linear model

with similar adjustments. A p value of <0.05 was consid-

ered statistically significant. Corrections for multiple com-

parisons were not made due to the exploratory setting of

our study, acknowledging the possibility of type 1 error.

For each test with a significant p value, also 95% confi-

dence interval was reported to provide information about

the range of effect sizes compatible with the data.

Data availability

Data are available to qualified investigators upon reason-

able request with the corresponding author.

Results

Characteristics of the whole FTD cohort

Essential characteristics of the whole FTD cohort are

shown in Table 1.

The Finnish and Italian FTD groups had statistically sig-

nificant differences in age at diagnosis and onset age

(p < 0.001) and in years of education (p = 0.021). Regard-

ing lifestyle-related factors, the same groups differed in

smoking (24.9% in Finnish and 36.4% in Italian patients,

p = 0.002), fasting glucose (6.1 mmol/L in Finnish and

5.7 mmol/L in Italian patients, p < 0.001) and cholesterol

levels (5.0 mmol/L in Finnish and 5.3 mmol/L in Italian

patients, p < .001), heart disease (20.7% in Finnish and 15.0%

in Italian patients, p = 0.006), and hypercholesterolemia

ª 2022 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association. 1197
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(55.7% in Finnish and 27.4% in Italian patients,

p < 0.001). All values were adjusted with sex and age as

covariates in the statistical analyses (Table 1).

Modifiable factors in familial vs. sporadic FTD

Characteristics and comparisons between familial and

sporadic FTD groups, considering nationality, age, and

sex as covariates, are shown in Table 2.

Patients with sporadic FTD had fewer years of education

compared to patients with familial FTD (p = 0.042,

B = �0.560, 95% CI �1.101 to �0.019). Heart diseases were

less prevalent among patients with familial FTD compared

with the sporadic FTD group (p < 0.001, OR = 2.265, 95%

CI 1.502–3.417). No differences were found in BMI, smoking

history, and prevalence of hypertension or diabetes mellitus

when adjusted for age, sex, and nationality (Table 2).

Modifiable factors between different FTD
phenotypes

Characteristics and comparisons between different FTD

phenotypes are shown in Table 3, considering nationality,

age, and sex as covariates.

Table 1. Characteristics of the FTD cohort.

Finnish FTD (N = 221) Italian FTD (N = 809) All FTD (N = 1030)

p value with related CI and B/OR

values (Finnish vs. Italian FTD)

Age at onset (mean and SD) 60.8* (8.2) 64.1* (8.3) 63.4 (9.0) p < 0.001

Age at diagnosis (mean and SD) 64.4* (11.2) 66.8* (8.3) 66.3 (8.3) p < 0.001

Disease duration, onset to death

(years, mean, and SD)

7.6 (5.5) 6.9 (3.8) 7.1 (4.5)

Phenotype (N)

bvFTD 65.2% (N = 144) 14.3% (N = 116) 15.5% (N = 160)

nfvPPA 19.9% (N = 44) 14.3% (N = 116) 15.5% (N = 160)

svPPA 4.1% (N = 9) 7.0% (N = 57) 6.4% (N = 66)

FTD-MND 10.4% (N = 23) 4.0% (N = 32) 5.3% (N = 55)

CBD 0.0% (N = 0) 15.6% (N = 126) 12.2% (N = 126)

PSP 0.5% (N = 1) 15.1% (N = 122) 11.9% (N = 123)

Sex, M/F % 51.4 53.0 52.7

Education (years, mean, and SD) 9.6* (3.3) 8.6* (4.3) 8.8 (4.1) p = 0.021

B = 0.733

95% CI 0.116–1.431

Family history of dementia (GS1-3)

or mutation (%)

52.0 32.3 36.5

Current or ex-smoker (%) 24.9* 36.4* 33.6 p = 0.001

OR = 0.545

95% CI 0.377–0.788

Heart disease (%) 20.7* 15.0* 16.3 p = 0.005

OR = 1.762

95% CI 1.185–2.621

Hypercholesterolemia (%) 55.7* 27.4* 34.0 p < 0.001

OR = 3.453

95% CI 2.520–4.733

Cholesterol (mmol/L, mean and SD) 5.0* (1.2) 5.3* (1.1) 5.3 (1.2) p < 0.001

B = �0.399

95% CI �0.610 to �0.189

Fasting glucose (mmol/L, mean

and SD)

6.1* (1.2) 5.6* (1.4) 5.7 (1.4) p < 0.001

B = 0.552

95% CI 0.293–0.812

Familial (%) 52.3 32.3 36.6

MMSE (mean at baseline and SD) 23.5 (4.2) 22.5 (7.3) 22.8 (6.8)

FTD-CDR sum of boxes (mean

and SD)

5.3 (3.1) 5.8 (4.7) 5.7 (4.3)

bvFTD, behavioral variant frontotemporal dementia; CBD, corticobasal degeneration; FTD, frontotemporal dementia; FTD-CDR, frontotemporal

dementia-clinical dementia rating; FTD-MND, frontotemporal dementia with motor neuron disease; MMSE, MiniMental State Examination; nfvPPA,

nonfluent variant of primary progressive aphasia; PSP, progressive supranuclear palsy; SD, standard deviation; svPPA, semantic variant of primary

progressive aphasia; *statistically significant difference between Finnish and Italian FTD, p < 0.05.
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Patients with bvFTD were less educated than patients

with nfvPPA (p < 0.001, B = �1.507, 95% CI �2.251 to

�0.764) or svPPA (p < 0.001, B = �1.942, 95% CI

�2.968 to �0.916). Hypercholesterolemia was more com-

mon among patients with bvFTD compared to patients

with nfvPPA (p = 0.022, OR = 1.654, 95% CI 1.076–
2.542). In addition, the bvFTD group showed higher

prevalence of diabetes mellitus compared to patients with

CBD (p = 0.032, OR = 2.499, 95% CI 1.081–5.776).
Patients in the bvFTD group also had higher blood

cholesterol levels compared with patients in the PSP

group (p = 0.037, B = 0.353, 95% CI 0.023–0.682)
(Table 3).

No notable differences in BMI, smoking history, the

prevalence of heart diseases or hypertension, and fasting

glucose levels were identified between groups when

adjusted for age, sex, and nationality. (Table 3).

Modifiable factors and disease duration in
FTD

Regarding the whole FTD group, patients with higher

education had a shorter survival from disease onset to

death (p = 0.023, B = -0.148, 95% CI �0.275 to �0.021)

with age, sex, and nationality adjustments. However,

when genetic status (any causal mutation found) was

included as a covariate, no statistically significant differ-

ences were found. When calculated separately in groups

of C9orf72 and GRN mutation carriers and in patients

with presumed TDP-43 (including GRN mutation carri-

ers, C9orf72 mutation carriers, and FTD-MND pheno-

type) vs. tau pathologies (MAPT mutation carriers, CBD,

and PSP patients), no statistically significant differences

were found. Cardiovascular diseases, diabetes, hyperten-

sion, and smoking were not associated with disease

Table 2. Characteristics and comparisons of modifiable factors in familial and sporadic FTD.

Familial FTD (N = 376) Sporadic FTD (N = 654) p value with related CI and B/OR values

Age at onset (mean, years, and SD) 62.0 (9.0) 64.2 (9.0)

Age at diagnosis (mean, years, and SD) 64.8 (8.3) 67.1 (8.3) p < 0.001

Sex, M/F % 53.1/46.9 52.4/47.6

Phenotype (N)

bvFTD 54.6% bvFTD (N = 206) 45.0% bvFTD (N = 294)

nfvPPA 17.5% nfvPPA (N = 66) 14.4% nfvPPA (N = 94)

svPPA 4.0% svPPA (N = 15) 7.8% svPPA (N = 51)

FTD-MND 6.1% FTD-MND (N = 23) 4.9% FTD-MND (N = 32)

CBD 9.8% CBD (N = 37) 13.6% CBD (N = 89)

PSP 7.7% PSP (N = 29) 14.4% PSP (N = 94)

Education (mean, years, and SD) 9.3 (4.2) 8.5 (4.1) p = 0.042 B = �0.560

95% CI �1.101 to �0.019

MMSE (mean at baseline and SD) 22.5 (7.2) 22.8 (6.6)

FTD-CDR sum of boxes (mean and SD) 6.0 (4.8) 5.5 (4.0)

Body mass index (mean and SD) 25.8 (4.1) 25.6 (4.4) p = 0.761 B = �0.122

95% CI �0.911 to 0.667

Current or ex-smoker (%) 30.8 35.5 p = 0.257 OR = 1.195

95% CI 0.878–1.628

Heart disease (%) 10.2 20.1 p < 0.001 OR = 2.265

95% CI 1.502–3.417

Hypertension (%) 40.9 47.0 p = 0.290 OR = 1.162

95% CI = 0.880–1.536

Diabetes (%) 11.3 12.7 p = 0.826 OR = 1.048

95% CI = 0.691–1.590

Fasting glucose (mean, mmol/L, and SD) 5.9 (1.5) 5.6 (1.3) p = 0.052 B = �0.241

95% CI �0.484 to 0.002

Hypercholesterolemia (%) 35.0 33.3 p = 0.584 OR = 1.085

95% CI 0.810–1.453

Blood cholesterol (mean, mmol/L, and SD) 5.2 (1.1) 5.3 (1.2) p = 0.836 B = 0.021

95% CI �0.177 to 0.219

B, unstandardized beta; bvFTD, behavioral variant frontotemporal dementia; CBD, corticobasal degeneration; CI, confidence interval; FTD, fron-

totemporal dementia; FTD-CDR, frontotemporal dementia-clinical dementia rating; FTD-MND, frontotemporal dementia with motor neuron dis-

ease; MMSE, MiniMental State Examination; N, number of cases; nfvPPA, nonfluent variant of primary progressive aphasia; NS, not significant;

OR, odds ratio; PSP, progressive supranuclear palsy; SD, standard deviation; svPPA, semantic variant of primary progressive aphasia.
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duration when adjusted for the mentioned covariates.

However, in genetic FTD patients (all genetic mutations

combined), the presence of prior heart disease is associ-

ated with earlier age at onset (56.5 vs. 59.6 years,

B = 2.878, p = 0.007).

Modifiable factors in FTD compared with AD
and healthy controls

Baseline characteristics of the Finnish study cohort and

comparisons between FTD, AD, and HC groups are

described in Table 4.

Finnish patients with FTD were less educated (years of

education) compared to patients with AD (p = 0.032,

B = 0.755, 95% CI = 0.064–1.446), whereas there were no

major differences found between other groups. The mean

total duration of education was 9.6 years in the FTD

group, 10.1 years in the AD group, and 10.3 years in the

HC group. Patients with FTD were less often smokers/ex-

smokers compared with cognitively healthy controls

(p = 0.046, OR = 1.758, 95% CI 1.009–3.063). Fewer

individuals in the FTD group than in the cognitively

healthy control group had hypertension (p = 0.003,

OR = 2.162, 95% CI 1.304–3.583). In addition, the FTD

Table 3. Characteristics and modifiable factors in clinical subtypes of FTD.

bvFTD

(N = 500)

nfvPPA

(N = 160)

svPPA

(N = 66)

FTD-MND

(N = 55)

PSP

(N = 123)

CBD

(N = 126)

p value with related CI and

B/OR values

Age at onset (mean, years, and SD) 62.1 (9.2) 65.3 (8.4) 62.0 (9.4) 61.2 (9.6) 69.2 (6.4) 62.0 (8.6)

Age at diagnosis (mean, years, and SD) 65.2 (8.2) 67.4 (8.2) 65.0 (8.1) 64.2 (8.1) 72.4 (6.1) 64.4 (8.3)

Disease duration, onset to death (mean,

years, and SD)

7.5 (4.4) 6.6 (3.3) 8.9 (2.6) 4.9 (7.1) 7.8 (3.4) 6.9 (3.4)

Sex, M/F % 56.2/43.8 34.4/65.6 45.5/54.5 65.5/34.5 52.8/47.2 59.5/40.5

Education (mean, years, and SD) 8.6*# (4.0) 9.9*

(4.0)

10.4#

(4.7)

9.1

(4.1)

7.6

(4.4)

8.3

(3.9)

bvFTD vs nfvPPA

*p = <0.001

B = �1.507

95% CI �2.251 to �0.764

bvFTD vs svPPA

#p = <0.001

B = �1.942

95% CI �2.968 to �0.916

Family history of dementia (GS1-3) or

mutation (%)

41.2 41.3 22.7 41.8 23.6 29.4

MMSE (mean at baseline and SD) 22.6 (6.3) 19.9 (8.9) 21.2 (7.7) 23.1 (6.5) 24.6 (5.8) 25.2 (4.8)

FTD-CDR sum of boxes (mean and SD) 6.5 (4.4) 5.5 (4.1) 5.8 (4.3) 6.4 (4.8) 4.1 (3.5) 3.1 (3.6)

Body mass index (mean and SD) 27.2 (4.4) 24.4 (4.5) 24.9 (4.5) 24.2 (3.6) 25.7 (4.0) 25.4 (4.2) NS

Current or ex-smoker (%) 36.0 27.1 29.6 29.4 35.5 34.3 NS

Heart disease (%) 17.7 16.0 13.1 13.0 19.1 11.4 NS

Hypertension (%) 43.5 37.5 42.6 34.0 62.9 45.7 NS

Diabetes (%) 13.4* 8.3 8.2 11.3 20.9 5.9* bvFTD vs CBD

*p = 0.032

OR = 2.499

95% CI 1.081–5.776

Fasting glucose (mean, mmol/L, and SD) 5.9 (1.4) 5.8 (1.3) 5.4 (0.9) 5.9 (2.1) 5.7 (1.2) 5.4 (1.0) NS

Hypercholesterolemia (%) 38.2* 29.0* 24.6 41.5 32.2 27.1 bvFTD vs nfvPPA

*p = 0.022

OR = 1.654

95% CI 1.076–2.542

Blood cholesterol (mean, mmol/L,

and SD)

5.2* (1.2) 5.3 (1.1) 5.6 (1.0) 5.4 (1.1) 4.9* (1.0) 5.5 (0.9) bvFTD vs PSP

*p = 0.036

B = 0.353

95% CI 0.023–0.682

B, unstandardized beta; bvFTD, behavioral variant frontotemporal dementia; CBD, corticobasal degeneration; CI, confidence interval; FTD-CDR,

frontotemporal dementia clinical dementia rating; FTD-MND, frontotemporal dementia with motor neuron disease; MMSE, MiniMental State

Examination; N, number of cases; nfvPPA, nonfluent variant of primary progressive aphasia; NS, not significant; OR, odds ratio; PSP, progressive

supranuclear palsy; SD, standard deviation; svPPA, semantic variant of primary progressive aphasia.

*bvFTD vs nfvPPA; #bvFTD vs svPPA.
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group showed lower prevalence of hypercholesterolemia

than cognitively healthy controls (p < 0.001, OR = 2.648,

95% CI 1.548–4.531) or patients with AD (p < 0.001,

OR = 1.995, 95% CI 1.333–2.986) (Table 4).

There were no major differences in BMI, the prevalence of

heart diseases or diabetes mellitus, or fasting glucose and

blood cholesterol levels between FTD and AD or cognitively

healthy controls when adjusted for age and sex (Table 4).

Table 4. Characteristics and modifiable factors in Finnish FTD, AD, and control participants.

Finnish FTD

N = 221

AD

N = 214

Controls

N = 100

Sign. p value with related CI

and B/OR values

Age at onset (mean and SD) 60.8 (11.2) 64.6 (9.3) -

Age at diagnosis (mean and SD) 64.4 (8.2) 66.8 (8.9) 64.3 (9.8)

Sex, M % 51.4 51.4 44.0

Education (years, mean, and SD) 9.6*# (3.3) 10.1* (3.5) 10.3# (3.4) *p = 0.032 *B = 0.755

*95% CI = 0.064–1.446

#p = 0.092 #B = 0.698

#95% CI = �0.114-1.510

Family history of dementia (GS1-3) or mutation (%) 52.3 40.2 32.6

MMSE (mean and SD) 23.5 (4.2) 22.3 (4.2) 26.5 (2.6)

CDR sum of boxes (mean and SD), FTD-CDR for FTD

patients, AD-CDR for AD patients

5.3 (3.1) 4.0 (3.8) -

Body mass index (mean and SD) 26.7*# (5.3) 26.3* (5.0) 28.4# (5.3) *p = 0.830 *B = �0.164

*95% CI �1.672 to 1.344

#p = 0.032 #B = 1.681

#95% CI 0.142–3.221

Current or ex-smoker (%) 24.9*# 27.4* 34.8# *p = 0.489 *OR = 1.175

*95% CI = 0.744–1.854

#p = 0.046 #OR = 1.758

#95% CI 1.009–3.063

Heart disease (%) 20.7*# 25.7* 28.0# *p = 0.656 *OR = 1.113

*95% CI = 0.695–1.783

#p = 0.142 #OR = 1.531

#95% CI 8.867–2.705

Hypertension (%) 44.3*# 48.1* 61.0# *p = 0.916 *OR = 1.021

*95% CI = 0.688–1.516

#p = 0.003 #OR = 2.162

#95% CI = 1.304–3.583

Diabetes (%) 12.2*# 17.8* 19.0# *p = 0.190 *OR = 1.437

*95% CI = 0.836–2.469

#p = 0.109 #OR = 1.693

#95% CI 0.888–3.225

Fasting glucose (mmol/L, mean, and SD) 6.1 (1.2) 6.3 (1.9) 6.1 (1.4) *p = 0.268 *B = 0.205

*95% CI �0.159 to 0.570

#p = 0.843 #B = �0.036

#95% CI �0.389 to 0.318

Hypercholesterolemia (%) 55.7*# 72.0* 77.0# *p < 0.001 *OR = 1.995

*95% CI = 1.333–2.986

#p < 0.001 #OR = 2.648

#95% CI = 1.548–4.531

Blood cholesterol (mmol/L, mean, and SD) 5.0 (1.2) 5.1 (1.1) 5.2 (1.1) *p = 0.130 *B = 0.185

*95% CI = �0.055 to 0.425

#p = 0.314 #B = 0.153

#95% CI �0.146 to 0.451

Disease duration, onset to death (years, mean, and SD) 7.6 (4.2) 8.4 (4.5) -

AD, Alzheimer’s disease; B, unstandardized beta; CDR, clinical dementia rating; CI, confidence interval; FTD, frontotemporal dementia; FTD-CDR,

frontotemporal dementia clinical dementia rating; HC, cognitively healthy control; MMSE, MiniMental State Examination; N, number of cases; OR,

odds ratio, SD, standard deviation.

*Finnish FTD vs AD; #Finnish FTD vs Controls.
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Discussion

Here, we have evaluated potentially modifiable factors in

both genetic and sporadic FTD by examining associations

between cardiovascular burden, education, and FTD. To

our knowledge, the previous literature considering envi-

ronmental factors associated especially with genetic FTD

is extremely scarce. Our findings show that patients with

sporadic FTD were less educated compared to patients

with familial FTD when adjusted for possible confound-

ing factors (age, sex, and nationality). The reason for this

remains unclear. The onset of initial symptoms in bvFTD

patients usually takes place years before any certain

dementia diagnosis is made. Moreover, recent studies

have associated FTD with a lifelong neuropsychiatric vul-

nerability and potential neurodevelopmental problems,

suggesting that the disease may manifest even earlier than

previously thought, resulting in impaired cognition and

learning abilities.23,24

Further, the cardiovascular burden was higher in spo-

radic FTD and especially among patients with the

bvFTD phenotype. This finding may result from the fact

that patients with causal genetic mutations already carry

a greater burden of (genetic) risk factors and are there-

fore more prone to dementia. Thus, especially sporadic

FTD might more likely associate with modifiable risk

factors, including cardiovascular diseases and shorter

education. Notably, we observed an association between

prior heart disease and earlier age at onset in genetic

FTD patients, which could indicate that also genetic

FTD may be modulated by other environmental factors

or comorbidities.

In comparisons between FTD and AD or healthy con-

trols in the Finnish population, FTD group showed a

lower prevalence of hypercholesterolemia compared to

patients with AD and cognitively healthy controls as well

as a lower prevalence of hypertension compared with

cognitively healthy controls, suggesting that FTD (as a

whole group) may not similarly associate with the car-

diovascular burden compared with other types of

dementia. Similarly, an Italian study from 2008 showed

that cardiomyopathy and hypertension were significantly

less prevalent in the FTD group compared with the AD

group. However, after adjustments for other variables,

the differences were not significant.13 In another study

from 2012, it was also discovered that the FTD study

group was healthier than the control group in terms of

heart disease, cerebrovascular disease, and anemia even

after statistical adjustments.8

The previous literature evaluating potential risk factors

of FTD is summarized in Table 5.

Overall, our findings suggest that a low level of educa-

tion and cardiovascular health could represent modifiable

risk factors in FTD, and that heart health may modulate

age at onset in genetic FTD. Heart disease, baseline fast-

ing glucose and blood cholesterol levels, diabetes mellitus,

and body mass index do not appear to associate with an

increased risk of FTD in general according to our study,

and no statistically significant differences were found con-

sidering these variables when comparing Finnish FTD

groups to AD and HC.

The strengths of this study include our large multina-

tional cohort. Furthermore, we had patients of each

clinical subgroup, and the portion of various causative

mutation carriers was relatively large, which reflects the

heterogenous nature of the FTD spectrum diseases. The

limitation of this study is its retrospective setting. In

this study, with data from multiple centers, we did not

have sufficient comparable data on other dementia-

related modifiable risk factors (alcohol consumption,

physical activity, hearing impairment, depression, air

pollution, traumatic brain injury, and low social contact

according to Livingston et al.25) and this may be con-

sidered as a limitation. We acknowledge that the multi-

center nature of the present cohort may predispose the

study to biases related to epidemiological and/or

methodological differences in the FTD population or

general population between different centers and

nations. It should also be noted that although all

patients were European, there may still be differences in

the FTD risk factor profiles between different countries,

as shown in Table 1. In addition, the comparison

between FTD patients, AD patients, and healthy controls

was performed only in the subpopulation of the study

participants, which limits the applicability of the results.

To underline the exploratory setting of our study, no

corrections for multiple comparisons were made. Thus,

our statistical approach is more prone to type 1 error,

that is, false-positive findings, and the p values should

be evaluated only alongside the reported confidence

intervals.

In conclusion, the modifiable risk factor profile is dif-

ferent in sporadic vs. genetic forms of FTD. Lower educa-

tion and impaired cardiovascular health are associated

especially with the sporadic form of FTD and especially

with the bvFTD phenotype. Although patients with famil-

ial FTD appear to be relatively unaffected by the studied

lifestyle-related risk factors, a potential association

between heart diseases and earlier age at onset in genetic

FTD was observed. Further research on the subject is

needed to confirm these findings and their role as a

potential area of intervention.
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Table 5. Previous studies reporting associations between FTD and modifiable risk factors.

Study Country Participants Main findings

Rosso, 20039 Netherlands 80 patients with sporadic FTD (no first-degree

relatives with dementia before 70 years of age, no

tau mutations found)

Control group: 124 patients with normal cognition

Higher prevalence of head trauma in the FTD

group (OR 3.3).

Borroni, 200813 Italy 117 patients with FTD, 102 with bvFTD, 15 with

temporal variant FTD

Control groups: 400 patients with AD, 55 patients

with PSP, and 55 patients with CBD

Patients with FTD were more educated than

patients with AD.

Lower prevalence of cardiomyopathy and

hypertension in the FTD group than in AD and

PSP groups.

Atkins, 201226 Australia 62 patients with AD

Control group: 61 patients with FTD

Higher prevalence of HTA in AD group (OR 2.68).

Higher prevalence of smoking in FTD (OR 3.12).

Higher body weight in the group (OR 1.03).

De Reuck, 201227 France 22 FTLD brains

19 sporadic, 3 with GRN mutation

15 bvFTD, 5 nfvPPA, 1 FTD-ALS, 1 parkinsonism

Control group: 15 healthy brains

Cerebrovascular lesions were rare in FTLD brains,

with no difference in prevalence and severity

compared with healthy brains (= vascular

pathology was not contributing to the disease

process).

Higher prevalence of white matter lesions in FTLD

brains.

Kalkonde 20128 USA 63 patients with bvFTD

Control group: 491 patients with non-FTD

dementias: 288 AD, 220 VaD, 46 DLB, and 77

other

Increased risk for FTD in patients with TBI (OR 4.4).

Decreased risk for FTD in patients with heart

disease (OR 0.4).

Miller, 201328 USA 129 patients with svPPA

39 PGRN mutation carriers

Control groups: 186 patients with normal cognition,

158 patients with AD

Higher prevalence of certain autoimmune diseases

in svPPA and PGRN mutation carriers.

Golimstock, 201411 Argentina 100 patients with FTD

Control group: 200 patients with normal cognition

Higher prevalence of diabetes mellitus in FTD.

Deutsch, 20157 USA 1016 patients with FTD, 710 with bvFTD, 154 with

nfvPPA, 152 with svPPA

Control group: 2015 patients with normal cognition

Higher prevalence of head trauma in FTD (OR 1.67)

Patients with FTD were less educated and younger.

Torralva, 201529 USA 62 patients with bvFTD and cerebrovascular disease

(V-bvFTD)

Control group: 329 patients with bvFTD without the

cerebrovascular disease (NV-bvFTD)

Lower prevalence of hypertension and higher

prevalence of stroke in the V-bvFTD group.

Patients with NV-bvFTD possibly had a more

aggressive neurodegenerative disease.

LoBue, 201610 USA 75 bvFTD patients with previous traumatic brain

injury with loss of consciousness

603 bvFTD patients with no previous traumatic brain

injuries with loss of consciousness

Patients with previous traumatic brain injury with

loss of consciousness had an earlier age of

symptom onset and age of diagnosis

Katisko, 201830

Katisko, 201812
Finland 195 patients with FTD Control groups:

193 patients with AD

184 patients with normal cognition

Lower prevalence of cancer in FTD.

High prevalence of immunological disorders

especially in sporadic FTD.

Westeneng, 202131 Netherlands 143 C9-positive patients with ALS

1322 C9-negative patients with ALS

Control group: 1322 patients with normal cognition

Lower body mass index, lower physical activity, and

increased energy intake in the C9orf72 carrier

group.

Increased physical activity in C9orf72 noncarriers

Lower alcohol intake and higher tobacco intake in

both ALS groups.

AD, Alzheimer’s disease; ALS, amyotrophic lateral sclerosis; bvFTD, behavioral variant frontotemporal dementia; C9, chromosome 9 repeat expan-

sion mutation; CBD, corticobasal degeneration; DLB, dementia with Lewy bodies; DM, diabetes mellitus; FTD, Frontotemporal dementia; GRN,

granulin; nfvPPA, nonfluent variant primary progressive aphasia; NV-bvFTD, behavioral variant frontotemporal dementia without cerebrovascular

disease; HTA, hypertensio arterialis; OR, odds ratio; PSP, progressive supranuclear palsy; TBI, traumatic brain injury; VaD, vascular dementia;

V-bvFTD, behavioral variant frontotemporal dementia with cerebrovascular disease.
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