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Abstract: Background: Early-onset dementia (EOD) is defined as dementia with symptom onset
before 65 years. The role of environmental risk factors in the etiology of EOD is still undefined.
We aimed at assessing the role of environmental risk factors in EOD etiology, taking into account its
different clinical types. Methods: Using a case-control study, we recruited all EOD cases referred to
Modena hospitals from 2016 to 2019, while the referent population was drawn from cases’ caregivers.
We investigated residential history, occupational and environmental exposures to chemicals and
lifestyle behaviors through a self-administered questionnaire. We computed the odds ratios of
EOD risk (overall and restricting to the Alzheimer’s dementia (AD) or frontotemporal dementia
(FTD) diagnoses) and the corresponding 95% confidence intervals using an unconditional logistic
regression model. Results: Fifty-eight EOD patients (19 FTD and 32 AD) and 54 controls agreed
to participate. Most of the investigated exposures, such as occupational exposure to aluminum,
pesticides, dyes, paints or thinners, were associated with an increased odds ratio (OR) for FTD but not
for AD. Long-term use of selenium-containing dietary supplements was associated with increased
OR for EOD and, particularly, for FTD. For both EOD forms, smoking and playing football showed
an increased odds ratio, while cycling was associated with increased risk only in FTD. Overall sports
practice appeared to be a protective factor for both types. Conclusions: Our results suggest a role of
environmental and behavioral risk factors such as some chemical exposures and professional sports
in EOD etiology, in particular with reference to FTD. Overall sports practice may be associated with a
reduced EOD risk.
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1. Introduction

Early-onset dementia (EOD) is defined by the onset of dementia symptoms before the age of
65, regardless of the underlying dementia syndrome. EOD has a significant impact on patients and
their families, particularly when including young children [1], as well as on patient employment
and income [2]. The most frequent EOD diagnosis is Alzheimer’s dementia (EOAD) followed
by frontotemporal dementia (EOFTD) or vascular dementia (VaD), based on different population
studies [3–5].

Despite the relevance of EOD and its types, data on prevalence and incidence are scarce,
and so are clues to their possible environmental and lifestyle (i.e., modifiable) risk factors [6,7].
Genetic susceptibility clearly appears to play an etiologic role for EOD, including APP and PSEN1/2
gene mutations for Alzheimer’s dementia (AD) and MAPT, GNR and C9ORF72 for frontotemporal
dementia (FTD). Nevertheless, known dementia mutations may explain only a small percentage of
EOD cases (<10%). Therefore, other genetic risk factors as well as environmental factors might be
involved [8], and this may apply to EOD even more than late-onset dementia [9]. For this reason,
with dementia, as with any other disease, the exposome model assumes an interaction between
individual history of exposures and underlying genetic susceptibility of subjects, encompassing the
influence of socioeconomic health determinants as well [10]. As a matter of fact, the consideration of
environmental exposures as potential risk factors for dementia and other neurodegenerative diseases
has considerably increased in recent years [11–13]. In particular, studies have focused on the role
of neurotoxic agents like heavy metals and metalloids, pesticides and solvents [7,14–16], as well as
occupational exposure [17] and air pollutants [18]. In addition, evidence of increased dementia risk
associated with alcohol consumption and smoking habits has been provided, possibly through increased
cardiovascular risk [6,19]. A role of traumatic brain injuries has also been suggested, although findings
have been rather inconclusive [6,20]. A recent systematic review about environmental risk factors
for dementia, although not specifically focused on its early-onset form, found moderate evidence
of increased dementia risk associated with environmental and occupational exposure to metals and
trace elements, including aluminum, lead and selenium, as well as pesticides and solvents [21].
As concerns socioeconomic components, higher educational attainment appears to reduce dementia
risk [6]. Conversely, living alone seems to increase the risk compared with living with a partner [22,23].

Overall, these relations of potential etiologic relevance for dementia and, more generally,
its late-onset form have not been investigated for EOD. In the present study, we aimed at investigating
a broad spectrum of environmental, occupational and lifestyle factors for the two most frequent clinical
EOD types, EOAD and EOFTD.

2. Methods

We carried out a case-control study in Modena, Northern Italy. Following approval by the Modena
Ethics Committee (No. 186/2016), we recruited EOD cases referred to the Cognitive Neurology Center
of the Modena Policlinico University Hospital and the Neurology Department of the Carpi Hospital
from October 2016 to October 2019 [24]. Case inclusion criteria were as follows: dementia diagnosis
with symptom onset before the age of 65, dementia as the principal cause of disability and residence in
the province of Modena. Exclusion criteria included coexisting diagnoses of pervasive developmental
disorders or major psychiatric disorders, or cognitive impairment in the context of another neurological
disorder in which severe disability was caused by noncognitive symptoms (e.g., multiple sclerosis
or cerebrovascular disease with severe motor disability). As a referent population, we recruited the
caregivers of dementia patients irrespective of age at onset.
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Each subject received a questionnaire tailored to record anamnestic and lifestyle factors potentially
related to dementia onset [25,26]. The questionnaire was subdivided into sections investigating the
following sets of information: (1) personal details including date and place of birth, height and weight,
marital status and educational attainment; (2) clinical history such as date and place of EOD diagnosis
(for cases only), history of any trauma requiring medical evaluation (with specific reference to head,
trunk, arm and leg trauma) and any electric shock; (3) occupational history with a specific subsection
aimed at assessing of exposure to toxic substances such as metals, pesticides and solvents, especially for
occupational exposures in the agricultural sector; (4) nonoccupational activities potentially related to
use of metals, pesticides and solvents or to traumatic events (i.e., sport); (5) use of dietary supplements
containing selenium; smoking habits (either passive or active smoking); (6) residential history,
including type of source of water supply and proximity to water bodies, industries, waste disposal
sites or incinerators and overhead power lines; residential use of pesticides for plants, insects and
animals/pets. The questionnaire was designed to be self-administered, allowing subjects to fill it out at
home and therefore in a comfortable environment. In addition, study personnel could be contacted
when the subjects had doubts about items of the questionnaire.

We used crude and adjusted multivariate unconditional logistic regression models to estimate
odds ratios (ORs) and 95% confidence intervals (CIs) of EOD and its clinical types EOAD and EOFTD
associated with the investigated exposures. We included sex, age (years) and educational attainment
(years of education) in the multivariable model as potential confounders and effect modifiers.

3. Results

Out of 150 eligible subjects, 144 provided a valid address and telephone in the discharge records
and could be contacted. We eventually recruited 112 participants (58 EOD patients and 54 controls),
with an average response rate of 78%. The main reasons for nonparticipation were lack of time
to complete the questionnaires (27/32 = 84.4%) and unwillingness to contribute to the research
(5/32 = 15.6%). Clinical diagnoses of EOD patients encompassed EOAD (N = 32 patients, 55.2%),
EOFTD spectrum (N = 19, 17 EOFTD and 2 progressive supranuclear palsy, 32.8%), vascular dementia
(N = 5, 8.6%), Lewy body dementia (N = 1, 1.7%) and cerebral amyloid angiopathy (N = 1, 1.7%)
(Table 1). All controls were caregivers and family members of dementia cases, including 39 (72.2%)
partners, 12 (22.2%) offspring and 3 (5.5%) siblings.

Table 1. Clinical diagnosis of early-onset dementia cases.

EOD Diagnosis n (%)

All EOD diagnoses 58 (100)
Alzheimer’s dementia 32 (55.2)

Frontotemporal dementia spectrum 19 (32.8)
Frontotemporal dementia 17 (29.3)

Progressive supranuclear palsy 2 (3.4)
Vascular dementia 5 (8.6)

Cerebral amyloid angiopathy 1 (1.7)
Lewy body dementia 1 (1.7)

The sociodemographic characteristics of study participants, including specific features for EOAD
and EOFTD cases, are reported in Table 2. Among the patients, 32.8% achieved a high school level
and 5.2% reached college or more. Conversely, 38.9% of the controls obtained a high school degree,
while 24.4% reached college or more. Most subjects were married (82.8% and 88.9% of cases and
controls, respectively), while widows/widowers were more common in cases compared to controls
(10.3% vs. 1.8%). In addition, 38% of cases and 42% of controls reported never having smoked in
their life.
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Table 2. Sociodemographic characteristics of early-onset dementia cases (EOAD, early-onset
Alzheimer’s dementia; EOFTD, early-onset frontotemporal dementia) and controls.

Characteristics
Cases EOAD EOFTD Controls

n (%) n (%) n (%) n (%)

All subjects 58 (51.8) 32 (28.6) 19 (17.0) 54 (48.2)
Age at questionnaire filling

Mean (SD) 65.6 (5.2) 65.8 (4.5) 65.8 (5.7) 63.8 (9.6)
<65 years 22 (37.9) 12 (37.5) 6 (31.6) 28 (51.9)
≥65 years 36 (62.1) 20 (62.5) 13 (68.4) 26 (48.2)

Age at disease onset
Mean (SD) 59.3 (4.7) 59.7 (4.1) 59.1 (5.1) -

Sex

Men 25 (43.1) 11 (34.4) 11 (57.9) 23 (42.6)
Women 33 (56.9) 21 (65.6) 8 (42.1) 31 (57.4)

Educational attainment
Primary or less 16 (27.6) 8 (25.0) 5 (26.3) 11 (20.4)
Middle school 20 (34.5) 10 (31.3) 5 (42.1) 11 (20.4)
High school 19 (32.8) 12 (37.5) 5 (26.3) 21 (38.9)

College or more 3 (5.2) 2 (6.3) 1 (5.3) 11 (20.4)

Marital status
Married/unmarried partner 48 (82.8) 25 (78.1) 17 (89.5) 48 (88.9)

Single 1 (1.7) 1 (3.1) - 3 (5.6)
Separated/divorced 3 (5.2) - 2 (10.5) 2 (3.7)

Widowed 6 (10.3) 6 (18.8) - 1 (1.8)

Smoking habits
Ever 35 (62.5) 19 (61.3) 12 (66.7) 30 (57.7)

Never 21 (37.5) 12 (38.7) 6 (33.3) 22 (42.3)

Dementia risk according to participants’ characteristics is reported in Table 3. Women did not
show higher dementia (EOD) risk overall yet exhibited a higher EOAD risk (OR 1.5, 95% CI 0.6–3.8)
and lower EOFTD risk (OR 0.6, 95% CI 0.2–1.7). Conversely, age seemed not to be associated with
an increased risk. Concerning educational attainment, having a high school degree or more was
inversely associated with EOD risk (OR 0.4, 95% CI 0.2–0.9). Living alone (single, divorced, widowed),
using only those with a stable partner as referents, was associated with increased overall EOD risk
(OR 1.8, 95% CI 0.6–5.6) along with an increased EOAD risk (OR 2.4, 95% CI 0.7–8.4), whereas no
change emerged for EOFTD risk (OR 0.9, 95% CI 0.2–5.5).

In Table 4, we report crude and adjusted risk estimates associated with occupational exposure to
chemicals, stratified for EOAD and EOFTD clinical diagnoses. Concerning (heavy) metals, exposure to
aluminum was associated with increased EOD risk, almost entirely driven by an association with
EOFTD risk (OR 4.1, 95% CI 0.5–34.5). Overall pesticide occupational exposure had an OR of 2.3,
with a higher risk for all three pesticide subtypes. Moreover, in this analysis, EOFTD cases almost
entirely influenced the excess risk, since the OR in this group was 3.2 (95% CI 0.7–14.8) for overall
pesticides (Table 4). The OR for EOD associated with overall exposure to solvents and dyes and
the exposure to all subgroups was linked to increased risk, with the exception of lubricating oils.
When looking at disease-specific association, exposure to these substances was linked to a much higher
risk of EOFTD (OR 2.7, 95% CI 0.7–10.4). We also found a high OR in relation to the occupational
use of refrigerants, antifreezes or cooling liquids. Conversely, for both EOAD and EOFTD patients,
a low OR emerged for exposure to electric/electronic equipment or electromagnetic fields (Table 4).
Most of the aforementioned risk estimates were statistically very unstable due to the low number of
exposed subjects.
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Table 3. Odds ratios (OR) with 95% confidence intervals (CIs) for early-onset dementia (EOAD,
early-onset Alzheimer’s dementia; EOFTD, early-onset frontotemporal dementia) related to
sociodemographic characteristics.

Factors Cases
(Yes/No)

Controls
(Yes/No) OR 1 OR 2 (95% CI)

Sex (women vs. men) 33/25 31/23 0.98 0.98 (0.45–2.12)
EOAD 21/11 31/23 1.42 1.49 (0.59–3.81)

FTD spectrum 8/11 31/23 0.54 0.57 (0.19–1.70)
Age (continuous) - - 1.03 1.03 (0.97–1.08)

EOAD - - 1.03 1.03 (0.97–1.10)
FTD spectrum - - 1.03 1.02 (0.95–1.09)

Educational attainment
High school or more vs. middle school or less 22/36 32/22 0.42 0.43 (0.20–0.94)

EOAD 14/18 32/22 0.53 0.55 (0.22–1.35)
FTD spectrum 6/13 21/22 0.32 0.35 (0.11–1.08)
Marital status

Single/separated/widowed vs. married/unmarried partner 10/48 6/48 1.67 1.78 (0.56–5.59)
EOAD 7/25 6/48 2.24 2.43 (0.70–8.42)

FTD spectrum 2/17 6/48 0.94 0.91 (0.15–5.46)
1 Crude model; 2 Multivariable model adjusting for sex, age and educational attainment.

Table 4. Odds ratios (ORs) with 95% confidence intervals (CIs) for early-onset dementia
(EOAD, early-onset Alzheimer’s dementia; EOFTD, early-onset frontotemporal dementia) related to
occupational exposure to toxic agents.

Factors Cases
(Yes/No)

Controls
(Yes/No) OR 1 OR 2 (95% CI)

Occupational exposure to toxic agents 6/47 9/41 1.72 0.85 (0.22–3.29)

EOAD 5/26 9/41 1.14 0.60 (0.13–2.69)

FTD spectrum 0/19 9/41 / / /

Lead 5/53 6/48 0.75 0.83 (0.22–3.15)

EOAD 3/29 6/48 0.83 1.09 (0.23–5.18)

EOFTD spectrum 1/18 6/48 0.44 0.41 (0.04–4.02)

Mercury 1/57 2/52 0.46 0.31 (0.02–4.01)

EOAD 1/31 2/52 0.84 0.80 (0.06–10.49)

Selenium 1/57 1/53 0.93 1.56 (0.09–27.77)

EOAD 1/31 1/53 1.71 2.62 (0.15–46.09)

Cadmium 1/57 0/54 / / /

Arsenic 0/58 0/54 / / /

Aluminum 4/54 2/52 1.93 2.59 (0.43–15.66)

EOAD 1/31 2/52 0.84 1.01 (0.08–12.27)

EOFTD spectrum 2/17 2/52 3.06 4.11 (0.49–34.47)

Overall pesticides 9/49 5/49 1.80 2.28 (0.67–7.77)

EOAD 3/29 5/49 1.01 1.19 (0.25–5.58)

EOFTD spectrum 4/15 5/49 2.61 3.19 (0.69–14.82)

Insecticides 8/50 5/49 1.57 1.98 (0.56–6.96)

EOAD 2/30 5/49 0.65 0.78 (0.13–4.48)

EOFTD spectrum 4/15 5/49 2.61 3.19 (0.69–14.82)

Herbicides 7/51 4/50 1.72 2.36 (0.61–9.14)

EOAD 3/29 4/50 1.29 1.53 (0.30–7.75)
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Table 4. Cont.

Factors Cases
(Yes/No)

Controls
(Yes/No) OR 1 OR 2 (95% CI)

EOFTD spectrum 2/17 4/50 1.47 2.05 (0.31–13.62)

Fungicides 2/56 2/52 0.93 1.68 (0.21–13.31)

EOAD 1/31 2/52 0.84 1.44 (0.11–18.20)

EOFTD spectrum 0/19 2/52 / / /

Overall solvents and dyes 12/46 8/46 1.50 1.74 (0.61–5.02)

EOAD 5/27 8/46 1.06 1.40 (0.39–5.05)

EOFTD spectrum 6/13 8/46 2.65 2.74 (0.72–10.38)

Oil paints 5/12 3/51 2.40 2.51 (0.62–10.15)

EOAD 1/31 3/51 0.55 0.90 (0.08–10.04)

EOFTD spectrum 3/16 3/51 3.19 3.34 (0.55–20.23)

Thinner 8/50 5/49 1.57 2.07 (0.58–7.46)

EOAD 3/29 5/49 1.01 1.55 (0.31–7.68)

EOFTD spectrum 4/15 5/49 2.61 3.06 (0.63–14.82)

Paint remover 4/54 2/52 1.93 1.77 (0.30–10.56)

EOAD 1/31 2/52 0.84 1.02 (0.09–12.08)

EOFTD spectrum 2/17 2/52 3.06 2.56 (0.31–21.04)

Paints 6/52 4/50 1.44 1.34 (0.34–5.37)

EOAD 2/30 4/50 0.83 1.02 (0.17–6.33)

EOFTD spectrum 3/16 4/50 2.34 1.88 (0.35–10.10)

Adhesives 2/56 1/53 1.89 2.68 (0.22–32.63)

EOAD 2/30 1/53 3.53 5.24 (0.44–63.05)

Print inks and dyes 4/54 3/51 1.26 1.74 (0.35–8.72)

EOAD 3/29 3/51 1.76 2.39 (0.41–13.79)

EOFTD spectrum 1/18 3/51 0.94 1.47 (0.12–17.90)

Lubricating oils 3/55 4/50 0.68 0.80 (0.16–3.94)

EOFTD spectrum 3/16 4/50 2.34 2.55 (0.47–13.94)

Refrigerants, antifreezes, cooling liquids 1/57 1/53 0.93 1.73 (0.10–29.84)

EOAD 1/31 1/53 1.71 3.01 (0.17–54.25)

Degreasing agents 3/55 1/53 2.89 2.38 (0.23–24.40)

EOAD 3/29 1/53 5.48 5.52 (0.51–59.14)

Solvents (e.g., toluene, xylene) 2/56 2/52 0.93 1.04 (0.13–8.22)

EOAD 1/31 2/52 0.84 1.13 (0.09–13.60)

EOFTD spectrum 1/18 2/52 1.44 1.46 (0.11–19.43)

Dry clean products 3/55 0/54 / / /

Anesthetic gas 1/57 0/54 / / /

Electric and electronic equipment 4/54 9/45 0.37 0.54 (0.14–2.00)

EOAD 3/29 9/45 0.52 0.78 (0.18–3.42)

EOFTD spectrum 1/18 9/45 0.28 0.37 (0.04–3.53)

Electromagnetic fields 1/57 3/51 0.30 0.37 (0.04–3.81)

EOAD 1/31 3/51 0.55 0.71 (0.07–7.32)

Exposure during agricultural occupation
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Table 4. Cont.

Factors Cases
(Yes/No)

Controls
(Yes/No) OR 1 OR 2 (95% CI)

Fertilizers 4/54 3/51 1.26 1.96 (0.39–9.74)

EOAD 1/31 3/51 0.55 0.70 (0.07–7.36)

EOFTD spectrum 2/17 3/51 2.00 3.02 (0.40–23.02)

Pesticides 7/51 3/51 2.33 3.11 (0.72–13.32)

EOAD 3/29 3/51 1.76 2.07 (0.38–11.41)

EOFTD spectrum 3/16 3/51 3.19 4.73 (0.76–29.23)

Disinfectants 2/56 1/53 1.89 2.65 (0.2–34.84)

EOAD 0/32 1/53 / / /

EOFTD spectrum 2/17 1/53 6.24 9.56 (0.68–135.1)

Detergents 2/56 1/53 1.89 2.26 (0.17–30.78)

EOFTD spectrum 2/17 1/53 6.24 8.69 (0.58–130.87)

Solvents 2/56 0/54 / / /

Oils 4/54 3/51 1.26 1.71 (0.34–8.48)

EOAD 2/30 3/51 1.13 1.27 (0.19–8.42)

EOFTD spectrum 2/17 3/51 2.00 3.02 (0.40–23.02)

Diesel/gasoline 4/54 4/50 0.93 1.14 (0.26–5.06)

EOAD 1/31 4/50 0.40 0.47 (0.05–4.58)

EOFTD spectrum 2/17 4/50 1.47 1.74 (0.26–11.49)

Work accident with toxicant exposure 0/58 1/53 / / /

Nausea/indisposition due to occupational exposure 1/57 1/53 0.93 0.98 (0.06–16.23)
1 Crude model; 2 Adjusted model for sex, age and educational attainment.

Restricting the assessment to agricultural exposure, the OR for EOD associated with pesticides
further increased. A high OR for EOD was also generally found for other groups of chemicals such as
fertilizers (OR 2.0, 95% CI 0.4–9.7), disinfectants (OR 2.7, 95% CI 0.2–34.8), detergents (OR 2.3, 95% CI
0.2–30.8) and oils (OR 1.7, 95% CI 0.3–8.5). All of these kinds of exposures were linked to a higher risk
of EOFTD (Table 2).

As shown in Table 5, history of any trauma requiring medical evaluation before disease onset
was not associated with EOD risk. Nonetheless, we found a higher value in the analysis limited to
head trauma (OR 1.5, 95% CI 0.3–4.1), particularly limiting analyses to EOFTD cases (OR 3.4, 95% CI
0.8–14.6). Exposure to upper arm trauma showed an increased risk, in this case affected by EOAD cases
(OR 2.2, 95% CI 0.7–6.9). Playing sports was inversely associated with disease risk (OR 0.4, 95% CI
0.2–0.9), with an equal impact for both EOFTD and EOAD patients (OR 0.3, 95% CI 0.1–1.3 and 0.4,
95% CI 0.1–1.0 respectively). This was confirmed when we limited the analysis to competitive sports
only. Conversely, a higher OR emerged for two professional sports, namely football (OR 2.2, 95% CI
0.5–9.3) and cycling (OR 2.3, 95% CI 0.4–13.4). When looking at type-specific association, both sports
were linked to a higher risk of EOFTD (OR 2.6, 95% CI 0.4–15.9 for football and OR 4.4, 95% CI 0.6–30.9
for cycling) compared with EOAD (OR 1.8, 95% CI 0.3–10.1 and 0.6, 95% CI 0.1–7.6 respectively).
Concerning other leisure activities and habits, we found no increased risk in association with hunting,
fishing and model-making. Gardening and overall pesticide use during gardening were not associated
with EOD risk, while the use of fungicides during gardening was linked to a slightly increased risk,
due to a markedly increased risk in EOAD patients (Table 5).
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Table 5. Odds ratios (ORs) with 95% confidence intervals (CIs) for early-onset dementia (EOAD,
early-onset Alzheimer’s dementia; EOFTD, early-onset frontotemporal dementia) according to trauma
and leisure activities.

Factors Cases
(Yes/No)

Controls
(Yes/No) OR 1 OR 2 (95% CI)

Trauma that need medical
evaluation 23/32 22/31 1.01 0.93 (0.42–2.07)

EOAD 13/18 22/31 1.02 0.99 (0.39–2.50)

FTD spectrum 8/9 22/31 1.25 1.17 (0.37–3.70)

Head trauma 9/46 6/47 1.53 1.54 (0.47–4.99)

EOAD 3/28 6/47 0.84 0.98 (0.21–4.51)

EOFTD spectrum 5/12 6/47 3.26 3.43 (0.80–14.60)

Trunk trauma 0/55 2/51 / / /

EOAD 0/31 2/51 / / /

EOFTD spectrum 0/17 2/51 / / /

Upper arm trauma 10/45 8/45 1.25 1.38 (0.47–4.03)

EOAD 8/23 8/45 1.96 2.16 (0.68–6.93)

EOFTD spectrum 2/15 8/45 0.75 0.83 (0.13–5.15)

Lower arm trauma 13/42 13/40 0.95 0.85 (0.34–2.13)

EOAD 9/22 13/40 1.26 1.13 (0.40–3.19)

EOFTD spectrum 3/14 13/40 0.66 0.51 (0.12–2.20)

Electric shock/trauma 1/57 2/52 0.46 0.18 (0.01–2.22)

EOAD 0/32 2/52 / / /

EOFTD spectrum 0/19 2/52 / / /

Leisure activities

Hunting 2/56 2/52 0.93 1.03 (0.13–8.25)

EOFTD spectrum 2/17 2/52 3.06 2.92 (0.33–25.90)

Fishing 6/52 7/47 0.77 0.65 (0.18–2.35)

EOAD 1/31 7/47 0.22 0.19 (0.02–1.82)

EOFTD spectrum 4/15 7/47 1.79 1.20 (0.25–5.65)

Painting 7/47 6/46 1.14 1.08 (0.32–3.66)

EOAD 4/26 6/46 1.18 1.28 (0.30–5.49)

EOFTD spectrum 3/14 6/46 1.64 1.60 (0.31–8.15)

Model-making 3/55 3/51 0.93 1.11 (0.19–6.42)

EOAD 1/31 3/51 0.55 0.71 (0.06–8.02)

EOFTD spectrum 2/17 3/51 2.00 2.21 (0.28–17.20)

Gardening 22/36 26/28 0.66 0.71 (0.32–1.57)

EOAD 13/19 26/28 0.74 0.87 (0.34–2.24)

EOFTD spectrum 6/13 26/28 0.50 0.48 (0.15–1.55)

Using pesticides during
gardening 7/51 8/46 0.79 0.84 (0.27–2.55)
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Table 5. Cont.

Factors Cases
(Yes/No)

Controls
(Yes/No) OR 1 OR 2 (95% CI)

EOAD 4/28 8/46 0.82 0.84 (0.23–3.11)

EOFTD spectrum 2/17 8/46 0.68 0.63 (0.11–3.49)

Using herbicides during
gardening 4/54 4/50 0.93 1.31 (0.28–6.08)

EOAD 2/30 4/50 0.83 1.10 (0.17–7.07)

EOFTD spectrum 1/18 4/50 0.69 1.13 (0.10–13.45)

Using fungicides during
gardening 6/52 4/50 1.44 1.56 (0.40–6.10)

EOAD 5/27 4/50 2.31 2.95 (0.67–13.0)

EOFTD spectrum 1/18 4/50 0.69 0.58 (0.06–6.12)

Developing pictures in
darkroom 1/57 1/53 0.93 1.00 (0.06–17.79)

EOAD 1/31 1/53 1.71 2.21 (0.12–14.15)

Playing sport 15/43 28/26 0.32 0.36 (0.15–0.89)

EOAD 8/24 28/26 0.31 0.37 (0.13–1.04)

EOFTD spectrum 5/14 28/26 0.33 0.34 (0.09–1.26)

Playing competitive sport 4/54 8/46 0.43 0.45 (0.11–1.74)

EOAD 1/31 8/46 0.19 0.19 (0.02–1.75)

EOFTD spectrum 3/16 8/46 1.08 1.05 (0.21–5.15)

Football 7/51 4/50 1.72 2.23 (0.54–9.26)

EOAD 3/29 4/50 1.29 1.78 (0.32–10.06)

EOFTD spectrum 3/16 4/50 2.34 2.62 (0.43–15.90)

Volleyball 2/56 6/48 0.29 0.36 (0.07–1.92)

EOAD 1/31 6/48 0.26 0.31 (0.03–2.80)

EOFTD spectrum 1/18 6/48 0.44 0.66 (0.07–6.20)

Cycling 5/53 2/52 2.45 2.28 (0.39–13.43)

EOAD 1/31 2/52 0.84 0.60 (0.05–7.56)

EOFTD spectrum 3/16 2/52 4.87 4.37 (0.62–30.93)

Swimming 2/56 12/42 0.13 0.17 (0.03–0.84)

EOAD 2/30 12/42 0.23 0.28 (0.06–1.45)

Athletics 2/56 6/48 0.29 0.29 (0.05–1.56)

EOAD 1/31 6/48 0.26 0.24 (0.03–2.13)

EOFTD spectrum 1/18 6/48 0.44 0.49 (0.05–4.74)

Running/trekking 1/57 4/50 0.22 0.34 (0.03–3.25)

EOFTD spectrum 1/18 4/50 0.69 1.13 (0.11–12.09)

Use of dietary supplements
containing selenium in the

past 20 years
14/44 8/46 1.83 2.50 (0.89–7.02)

EOAD 6/26 8/46 1.33 2.01 (0.57–7.10)
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Table 5. Cont.

Factors Cases
(Yes/No)

Controls
(Yes/No) OR 1 OR 2 (95% CI)

EOFTD spectrum 7/12 8/46 3.35 7.40 (1.65–33.19)

Excluding specific
neuroprotective

supplements after onset of
disease

11/47 8/46 1.35 1.73 (0.60–4.99)

EOAD 3/29 8/46 0.59 0.78 (0.18–3.41)

EOFTD spectrum 8/11 8/46 4.18 8.73 (2.01–38.00)

Use of selenized potatoes 7/51 11/43 0.54 0.55 (0.19–1.62)

EOAD 3/29 11/43 0.40 0.40 (0.10–1.63)

EOFTD spectrum 3/16 11/43 0.73 0.70 (0.16–3.05)

Ever smoking 35/23 30/24 1.22 1.28 (0.58–2.86)

EOAD 19/13 30/24 1.17 1.35 (0.51–3.55)

EOFTD spectrum 12/7 30/24 1.37 1.31 (0.42–4.09)

Current smoking 10/48 10/44 0.92 1.01 (0.37–2.79)

EOAD 5/27 10/44 0.81 0.87 (0.25–2.99)

EOFTD spectrum 3/16 10/44 0.83 1.09 (0.24–4.89)

Passive smoking exposure 15/43 12/42 1.22 1.17 (0.47–2.88)

EOAD 9/23 12/42 1.37 1.24 (0.44–3.46)

EOFTD spectrum 5/14 12/42 1.25 1.22 (0.33–4.50)
1 Crude model; 2 Adjusted model for sex, age and educational attainment.

Intake of selenium-containing dietary supplements in the 20 years before recruitment yielded an
OR of 2.5 (95% CI 0.9–7.0). This increased risk persisted even after excluding the use of neuroprotective
supplements after disease onset (OR 1.7, 95% CI 0.6–5.0), reaching an OR of 8.7 (95 % CI 2.0–38.0) in
stratified analyses for EOFTD cases. Finally, history of smoking was associated with slightly increased
risk (OR 1.3, 95% CI 0.6–2.9). A similarly marginal increased risk emerged for secondhand smoke
exposure (OR 1.2, 95% CI 0.5–2.9), with no difference between the two stratified groups.

ORs for residential history are reported in Table 6. Ever having lived less than 3 km from waste
disposal sites was associated with an increased risk (OR 1.1, 95% CI 0.5–2.5), as was the case for having
lived in the countryside or having had a farm (OR 1.8, 95% CI 0.8–4.0), along with the use of private
sources (wells or fountains) of drinking water (OR 2.0, 95% CI 0.8–5.2). Finally, residential use of
pesticides was associated with a generally increased risk when used for outdoor plants (OR 1.3, 95% CI
0.4–4.1), rodents and rats (OR 1.8, 95% CI 0.3–12.3) or bugs (OR 1.3, 95% CI 0.5–3.2), particularly ground
bugs (OR 1.9, 95% CI 0.6–6.4) but not flying bugs (1.0, 95% CI 0.4–2.4).
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Table 6. Odds ratios (ORs) with 95% confidence intervals (CIs) for early-onset dementia
(EOAD, early-onset Alzheimer’s dementia; EOFTD, early-onset frontotemporal dementia) related to
residential history.

Factors Cases
(Yes/No)

Controls
(Yes/No) OR a OR b (95% CI)

Residential history
Ever lived in the countryside

or had a farm 27/31 21/33 1.37 1.79 (0.80–4.03)

EOAD 15/17 21/33 1.39 1.54 (0.61–3.90)
FTD spectrum 8/11 21/33 1.14 1.68 (0.52–5.41)

Ever used private well or a
fountain for drinking water 16/42 11/43 1.49 2.04 (0.80–5.21)

EOAD 9/23 11/43 1.53 2.14 (0.71–6.47)
EOFTD spectrum 5/14 11/43 1.40 1.86 (0.50–6.93)

Ever used private well or
fountain for irrigation 5/53 10/44 0.42 0.46 (0.14–1.48)

EOAD 1/31 10/44 0.14 0.17 (0.02–1.41)
EOFTD spectrum 2/17 10/44 0.52 0.54 (0.10–2.89)

Ever lived less than 3 km from
water bodies 25/33 24/30 0.95 1.14 (0.52–2.52)

EOAD 14/18 24/30 0.97 1.11 (0.44–2.81)
EOFTD spectrum 6/13 24/30 0.58 0.69 (0.22–2.17)

Having lived near:
Waste incinerator 1/57 3/51 0.30 0.28 (0.03–2.99)

EOAD 1/31 3/51 0.55 0.49 (0.05–5.13)
Waste disposal site 4/54 3/51 1.26 1.88 (0.38–9.40)

EOAD 3/29 3/51 1.76 2.54 (0.45–14.52)
EOFTD spectrum 1/18 3/51 0.94 1.46 (0.12–17.19)

Toxic plant/industry 11/47 14/40 0.67 0.63 (0.25–1.61)
EOAD 5/27 14/40 0.53 0.51 (0.16–1.62)

EOFTD spectrum 4/15 14/40 0.76 0.68 (0.18–2.55)
Overhead power lines 7/51 11/43 0.54 0.67 (0.23–1.99)

EOAD 2/30 11/43 0.26 0.28 (0.06–1.39)
EOFTD spectrum 3/16 11/43 0.73 1.04 (0.23–4.58)

Residential use of pesticides 16/42 18/36 0.76 1.00 (0.42–2.35)
EOAD 7/25 18/36 0.56 0.68 (0.24–1.98)

EOFTD spectrum 5/14 18/36 0.71 0.87 (0.26–2.94)

By substrate:
Plants 7/51 8/46 0.79 0.92 (0.30–2.84)
EOAD 2/30 8/46 0.38 0.40 (0.08–2.06)

EOFTD spectrum 3/16 8/46 1.08 1.50 (0.33–6.90)
Outdoor plants 7/51 6/48 1.10 1.25 (0.38–4.10)

EOAD 2/30 6/48 0.53 0.56 (0.10–3.02)
EOFTD spectrum 3/16 4/48 1.50 1.97 (0.41–9.45)

Indoor plants 2/56 4/50 0.45 0.58 (0.10–3.56)
EOAD 1/31 4/50 0.40 0.45 (0.04–4.53)

EOFTD spectrum 1/18 4/50 0.69 1.08 (0.10–11.62)
Bugs 15/43 14/40 1.00 1.29 (0.53–3.16)

EOAD 8/24 14/40 0.95 1.26 (0.43–3.70)
EOFTD spectrum 4/15 14/40 0.76 0.86 (0.23–3.25)

Flying bugs 12/46 14/40 0.75 0.97 (0.38–2.44)
EOAD 6/26 14/40 0.66 0.85 (0.27–2.64)

EOFTD spectrum 3/16 14/40 0.54 0.66 (0.16–2.76)
Ground bugs 8/50 6/48 1.28 1.89 (0.56–6.40)

EOAD 5/27 6/48 1.48 2.13 (0.54–8.47)
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Table 6. Cont.

Factors Cases
(Yes/No)

Controls
(Yes/No) OR a OR b (95% CI)

EOFTD spectrum 2/17 6/48 0.94 1.24 (0.20–7.67)
Rodents and rats 3/55 2/52 1.42 1.83 (0.27–12.26)

EOAD 2/30 2/52 1,73 1.99 (0.24–16.28)
EOFTD spectrum 1/18 2/52 1.44 2.24 (0.16–31.13)

Pets 8/50 11/43 0.63 0.77 (0.27–2.17)
EOAD 3/29 11/43 0.40 0.44 (0.11–1.81)

EOFTD spectrum 4/15 11/43 1.04 1.23 (0.32–4.76)
Municipal pesticides use 22/36 21/33 0.96 1.05 (0.47–2.33)

EOAD 13/19 21/33 1.08 1.22 (0.48–3.09)
EOFTD spectrum 7/12 21/33 0.92 0.91 (0.30–2.80)

a Crude model; b Adjusted model for sex, age and educational attainment.

4. Discussion

In this study, we investigated a wide spectrum of potential environmental risk factors for EOD,
some of which, to the best of our knowledge, had not been previously assessed with reference to disease
etiology. In our assessment, we included putative risk factors based on their neurotoxicity shown by
laboratory studies, and on their association with the risk of late-onset Alzheimer’s dementia. Moreover,
we selectively investigated the association of these risk factors with the two most common early-onset
dementias, namely EOFTD and EOAD, hypothesizing a different etiology for these two diseases.
This was a distinctive feature of our study compared with previous epidemiologic investigations.

We found evidence of a beneficial role of educational attainment for EOD prevention,
consistent with what has been suggested for late-onset dementia [27]. Our results are consistent
with those of a Dutch study [28], while no such association emerged in a Swedish study [29].

In our study, widow status appeared to be a risk factor for EOD. This appears to be in keeping
with previous findings reporting a higher risk of developing dementia, in both early- and late-onset
forms, and for subjects widowed, divorced or single [22,30], with increased likelihood for middle-aged
individuals [22]. In our study, being single was less related to the development of dementia than being
widowed. This could be linked to the psychological consequence of remaining alone after a partnered
life, compared with never having had a stable partner. In fact, stress could impact oxidative and
neurotrophic factor signaling acting on the plasticity of neural networks and favoring the mechanisms
underpinning Alzheimer’s dementia [31,32].

We found an indication that history of upper arm and head trauma requiring medical evaluation
may be a risk factor for EOD, albeit in different ways depending on dementia diagnosis. In particular,
upper arm trauma was associated with increased EOAD risk, while head trauma was associated
with EOFTD risk. This last finding is consistent with previous studies: a case-control study on 80
FTD subjects compared to 124 controls reported an OR of 3.3 (95% CI 1.3–8.1) for head trauma [33].
Moreover, a case-control study on war veterans found an association between traumatic brain injuries
and dementia in FTD patients, which was stronger than in patients affected by other dementia types [34].
These results were confirmed by a recent review reporting a higher prevalence of traumatic brain
injuries in FTD patients than in other dementia forms [35]. The possible underlying mechanism could
depend on the induction of oxidative stress and microglial activation by trauma [36,37]. Studies on
chronic traumatic encephalopathy, a progressive tauopathy occurring in sports players exposed to
mild traumatic brain injuries such as concussions, for instance in American football, provide further
evidence of the role of head trauma as a risk factor for dementia [38].

Concerning sports practice, we found an increased EOD risk in football (soccer) players.
Such excess risk was much higher for EOFTD than for EOAD and up to twice as high in professional
players compared with noncompetitive ones. Such excess risk may be due to the increased risk of
head trauma characterizing that sport [39]. The increased risk linked to cycling similarly seemed
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to be only related to EOFTD cases, in contrast with previous studies suggesting a protective effect
of cycling on global cognition [40]. Conversely, we found evidence of beneficial effects of sports in
general for both EOAD and EOFTD cases. This appears to be the case particularly for swimming,
even if only in association with EOAD cases. Sports practice might have a beneficial effect on late-onset
dementia according to systematic reviews [41–43] and meta-analyses [44,45], while the association
of EOD was only investigated in relation to traumatic sports [46,47]. There is some biological
plausibility for a beneficial effect of sports on dementia risk, linked to positive effects on insulin and
C-peptide metabolism, as recently demonstrated in subjects with a family history of diabetes [48].
Impaired glycemia and insulin resistance may predict brain amyloid deposition as well as progressive
cognitive impairment in late middle-aged adults [49,50], and their reduction could therefore be
beneficial against dementia etiopathogenesis.

We observed a slightly increased EOD risk associated with herbicide and fungicide use during
gardening. Such excess risk was much higher for EOFTD compared with EOAD. These associations were
strengthened when considering occupational exposure to chemicals including fertilizers, pesticides and
other substances. Our findings are consistent with previous studies evaluating the possible association
between pesticides and late-onset dementia, recently summarized in a meta-analysis which yielded
a relative risk of 1.5 (95% CI 1.0–2.3) for AD at all ages [17]. Nevertheless, null results about this
association in late-onset dementia have also been reported, at least for organochlorine pesticides [51].

Very few studies have assessed the role of occupational exposure to solvents and dyes, as well as
refrigerants or degreasing agents, in EOD etiology [52–55]. In our study, we found an increased risk
associated with occupational exposure to aluminum, although based on an extremely low number of
cases and therefore statistically very imprecise. Even though there is some biological plausibility for
such association [56], a study in Northern England assessing aluminum exposure through drinking
water found no association with Alzheimer’s dementia, although the levels involved were much
lower than potentially toxic ones [57]. Conversely, an increased risk of Alzheimer’s dementia was
found to be associated with aluminum exposure both during occupational exposure and through
drinking water [58]. In our study, nevertheless, the association found for overall EOD was mostly
driven by excess exposure in EOFTD. This could be explained by the hypothesis of a common disease
spectrum of this type of dementia with motor neuron disease, namely amyotrophic lateral sclerosis
(ALS), a disease whose etiology may involve most of the risk factors we found to be associated with
EOFTD [59]. In particular, some forms of FTD and ALS share the pathological substrate, the transactive
DNA-binding protein 43 (TDP-43) and the C9ORF72 gene [59,60], as well as some environmental
risk factors including agricultural chemicals and professional sports involving high risk of mild
traumatic brain injuries such as concussion and subconcussion [38], leading to a pro-oxidative state
and consequent neuron degeneration and astrocyte dysfunction [25,61,62].

In our study, long-term use of selenium-containing dietary supplements was associated with
a considerably increased risk, only partially mitigated after excluding specific “neuroprotective”
supplements taken after disease onset to reduce the risk of reverse causation. If we consider only
EOFTD patients, however, results were of even stronger relevance, thus reducing the risk of bias of
reverse causality. While there is clear evidence that vitamin and mineral self-supplementation do
not prevent cognitive decline or dementia [63,64], the possibility that some constituents of dietary
supplements, namely selenium, may exert deleterious effects on cognition should also be considered,
taking into account previous results in humans and the related biological plausibility [16,65].

Finally, our results seem to confirm that smoking, already found to be associated with dementia
risk in some studies [66] and particularly in apolipoprotein E ε4 noncarriers [67], may be a risk factor
for EOD. However, the relation between smoking and dementia has not been confirmed by some recent
studies on overall dementia risk [68,69] and a meta-analysis on EOD based on three studies [70].

We acknowledge some limitations of our study. First, the number of cases and controls was
limited, and the number of exposed subjects was very low for many of the environmental factors we
investigated. This increased the statistical imprecision of the risk estimates and clearly hampered our
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ability to reliably identify “slight” causal associations. Moreover, we could not exclude the occurrence
of some selection bias linked to the case-control nature of the study. This could be true to some extent
for controls (caregivers), while it is less likely for cases since we tried to include all subjects referred in
the study period to the two cognitive neurology clinics, the only ones providing specialized clinical
care to EOD patients for the whole territory of the province. Therefore, it is unlikely that EOD patients
from the underlying population of the province could not have been referred to these clinics. Since the
study was based on self-completed questionnaires and long-term exposure, we also cannot entirely
rule out some degree of recall bias. However, environmental risk factors for EOD are poorly recognized
and even perceived not to exist in the general population, thus making the occurrence of such bias
rather unlikely. Furthermore, the use of caregivers as controls could have led to some mitigation of the
real association between environmental risk factors and disease risk in our study, because most of the
caregivers were family members and may have shared lifestyle habits with EOD cases, thus reducing
the strength of the associations we estimated. Finally, we have no availability of genetic status for the
referent population, thus precluding the possibility of assessing their role in disease risk [71,72].

5. Conclusions

In this case-control study in a Northern Italy population, we identified positive associations
between EOD and occupational exposure to aluminum, pesticides and other chemicals (dyes, paints or
thinners); long-term use of selenium-containing dietary supplements; smoking; and playing football,
while overall sports practice appeared to be a strong protective factor for EOD. Some of these potential
etiologic factors showed different associations with disease risk when the two most common EOD
forms were independently considered.

Author Contributions: Conceptualization, A.C., T.F. and M.V.; data curation, G.A., T.F., C.G. (Caterina Garuti)
and M.M.; formal analysis, G.A., T.F. and M.V.; participant recruitment, A.C., M.C., C.G. (Caterina Garuti),
C.G. (Chiara Galli), M.T., G.V. and G.Z.; writing—original draft, G.A., T.F. and M.V.; writing—review & editing,
all authors. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by the grant “Dipartimenti di Eccellenza 2018–2022, MIUR, Italy” awarded
to the Department of Biomedical, Metabolic and Neural Sciences and by a grant from the Airalzh ONLUS
& Coop Italia.

Acknowledgments: We are grateful to all the patients and their families for participating in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Sikes, P.; Hall, M. The impact of parental young onset dementia on children and young people’s educational
careers. Br. Educ. Res. J. 2018, 44, 593–607. [CrossRef] [PubMed]

2. Sakata, N.; Okumura, Y. Job loss after diagnosis of early-onset dementia: A matched cohort study.
J. Alzheimers Dis. 2017, 60, 1231–1235. [CrossRef] [PubMed]

3. Vieira, R.T.; Caixeta, L.; Machado, S.; Silva, A.C.; Nardi, A.E.; Arias-Carrion, O.; Carta, M.G. Epidemiology
of early-onset dementia: A review of the literature. Clin. Pract. Epidemiol. Ment. Health 2013, 9, 88–95.
[CrossRef] [PubMed]

4. Bearbi, S.; Ali Pacha, L. Early onset dementia. J. Neurol. Sci. 2019, 405S, 116534. [CrossRef]
5. Kvello-Alme, M.; Brathen, G.; White, L.R.; Sando, S.B. The prevalence and subtypes of young onset dementia

in central Norway: A population-based study. J. Alzheimers Dis. 2019, 69, 479–487. [CrossRef] [PubMed]
6. Cations, M.; Draper, B.; Low, L.F.; Radford, K.; Trollor, J.; Brodaty, H.; Sachdev, P.; Gonski, P.; Broe, G.A.;

Withall, A. Non-genetic risk factors for degenerative and vascular young onset dementia: Results from the
INSPIRED and KGOW studies. J. Alzheimers Dis. 2018, 62, 1747–1758. [CrossRef]

7. Livingston, G.; Huntley, J.; Sommerlad, A.; Ames, D.; Ballard, C.; Banerjee, S.; Brayne, C.; Burns, A.;
Cohen-Mansfield, J.; Cooper, C.; et al. Dementia prevention, intervention, and care: 2020 report of the Lancet
Commission. Lancet 2020, 396, 413–446. [CrossRef]

8. Fenoglio, C.; Scarpini, E.; Serpente, M.; Galimberti, D. Role of genetics and epigenetics in the pathogenesis of
Alzheimer’s disease and frontotemporal dementia. J. Alzheimers Dis. 2018, 62, 913–932. [CrossRef] [PubMed]

http://dx.doi.org/10.1002/berj.3448
http://www.ncbi.nlm.nih.gov/pubmed/30147206
http://dx.doi.org/10.3233/JAD-170478
http://www.ncbi.nlm.nih.gov/pubmed/29036820
http://dx.doi.org/10.2174/1745017901309010088
http://www.ncbi.nlm.nih.gov/pubmed/23878613
http://dx.doi.org/10.1016/j.jns.2019.10.203
http://dx.doi.org/10.3233/JAD-181223
http://www.ncbi.nlm.nih.gov/pubmed/31006688
http://dx.doi.org/10.3233/JAD-171027
http://dx.doi.org/10.1016/S0140-6736(20)30367-6
http://dx.doi.org/10.3233/JAD-170702
http://www.ncbi.nlm.nih.gov/pubmed/29562532


Int. J. Environ. Res. Public Health 2020, 17, 7941 15 of 18

9. Jarmolowicz, A.I.; Chen, H.Y.; Panegyres, P.K. The patterns of inheritance in early-onset dementia:
Alzheimer’s disease and frontotemporal dementia. Am. J. Alzheimers Dis. Other Demen. 2015, 30,
299–306. [CrossRef]

10. Vineis, P.; Robinson, O.; Chadeau-Hyam, M.; Dehghan, A.; Mudway, I.; Dagnino, S. What is new in the
exposome? Environ. Int. 2020, 143, 105887. [CrossRef]

11. Aloizou, A.M.; Siokas, V.; Vogiatzi, C.; Peristeri, E.; Docea, A.O.; Petrakis, D.; Provatas, A.; Folia, V.;
Chalkia, C.; Vinceti, M.; et al. Pesticides, cognitive functions and dementia: A review. Toxicol. Lett. 2020, 326,
31–51. [CrossRef] [PubMed]

12. Vinceti, M.; Bottecchi, I.; Fan, A.; Finkelstein, Y.; Mandrioli, J. Are environmental exposures to selenium,
heavy metals, and pesticides risk factors for amyotrophic lateral sclerosis? Rev. Environ. Health 2012, 27,
19–41. [CrossRef] [PubMed]

13. Eid, A.; Mhatre, I.; Richardson, J.R. Gene-environment interactions in Alzheimer’s disease: A potential path
to precision medicine. Pharmacol. Ther. 2019, 199, 173–187. [CrossRef] [PubMed]

14. Tesauro, M.; Bruschi, M.; Filippini, T.; D’Alfonso, S.; Mazzini, L.; Corrado, L.; Consonni, M.; Vinceti, M.;
Fusi, P.; Urani, C. Metal(loid)s role in the pathogenesis of amyotrophic lateral sclerosis: Environmental,
epidemiological, and genetic data. Environ. Res. 2020, 192, 110292. [CrossRef] [PubMed]

15. Wang, T.; Zhang, J.; Xu, Y. Epigenetic basis of lead-induced neurological disorders. Int. J. Environ. Res. Public Health
2020, 17, 4878. [CrossRef]

16. Vinceti, M.; Chiari, A.; Eichmuller, M.; Rothman, K.J.; Filippini, T.; Malagoli, C.; Weuve, J.; Tondelli, M.;
Zamboni, G.; Nichelli, P.F.; et al. A selenium species in cerebrospinal fluid predicts conversion to Alzheimer’s
dementia in persons with mild cognitive impairment. Alzheimers Res. Ther. 2017, 9, 100. [CrossRef] [PubMed]

17. Gunnarsson, L.G.; Bodin, L. Occupational exposures and neurodegenerative diseases-A systematic literature
review and meta-analyses. Int. J. Environ. Res. Public Health 2019, 16, 337. [CrossRef]

18. Power, M.C.; Adar, S.D.; Yanosky, J.D.; Weuve, J. Exposure to air pollution as a potential contributor to
cognitive function, cognitive decline, brain imaging, and dementia: A systematic review of epidemiologic
research. Neurotoxicology 2016, 56, 235–253. [CrossRef]

19. Onyike, C.U. In young men, various risk factors are associated with later development of young-onset
dementia. Evid. Based Ment. Health 2014, 17, 49.

20. Nordstrom, A.; Nordstrom, P. Traumatic brain injury and the risk of dementia diagnosis: A nationwide
cohort study. PLoS Med. 2018, 15, e1002496. [CrossRef]

21. Killin, L.O.; Starr, J.M.; Shiue, I.J.; Russ, T.C. Environmental risk factors for dementia: A systematic review.
BMC Geriatr. 2016, 16, 175. [CrossRef] [PubMed]

22. Sundstrom, A.; Westerlund, O.; Kotyrlo, E. Marital status and risk of dementia: A nationwide
population-based prospective study from Sweden. BMJ Open 2016, 6, e008565. [CrossRef]

23. Liu, H.; Zhang, Z.; Choi, S.W.; Langa, K.M. Marital status and dementia: Evidence from the health and
retirement study. J. Gerontol. Ser. B 2020, 75, 1783–1795. [CrossRef]

24. Chiari, A.; Vinceti, G.; Adani, G.; Tondelli, M.; Galli, C.; Fiondella, L.; Costa, M.; Molinari, M.A.; Filippini, T.;
Zamboni, G.; et al. Epidemiology of early onset dementia and its clinical presentations in the province of
Modena, Italy. Alzheimers Dement. 2020. [CrossRef] [PubMed]

25. Filippini, T.; Fiore, M.; Tesauro, M.; Malagoli, C.; Consonni, M.; Violi, F.; Arcolin, E.; Iacuzio, L.;
Oliveri Conti, G.; Cristaldi, A.; et al. Clinical and lifestyle factors and risk of amyotrophic lateral sclerosis:
A population-based case-control study. Int. J. Environ. Res. Public Health 2020, 17, 857. [CrossRef] [PubMed]

26. Filippini, T.; Tesauro, M.; Fiore, M.; Malagoli, C.; Consonni, M.; Violi, F.; Iacuzio, L.; Arcolin, E.;
Oliveri Conti, G.; Cristaldi, A.; et al. Environmental and occupational risk factors of amyotrophic lateral
sclerosis: A population-based case-control study. Int. J. Environ. Res. Public Health 2020, 17, 2882. [CrossRef]

27. Crimmins, E.M.; Saito, Y.; Kim, J.K.; Zhang, Y.S.; Sasson, I.; Hayward, M.D. Educational differences in the
prevalence of dementia and life expectancy with dementia: Changes from 2000 to 2010. J. Gerontol. Ser. B
2018, 73, S20–S28. [CrossRef]

28. van Duijn, C.M.; Tanja, T.A.; Haaxma, R.; Schulte, W.; Saan, R.J.; Lameris, A.J.; Antonides-Hendriks, G.;
Hofman, A. Head trauma and the risk of Alzheimer’s disease. Am. J. Epidemiol. 1992, 135, 775–782. [CrossRef]

29. Nordstrom, P.; Nordstrom, A.; Eriksson, M.; Wahlund, L.O.; Gustafson, Y. Risk factors in late adolescence
for young-onset dementia in men: A nationwide cohort study. JAMA Intern. Med. 2013, 173, 1612–1618.
[CrossRef]

http://dx.doi.org/10.1177/1533317514545825
http://dx.doi.org/10.1016/j.envint.2020.105887
http://dx.doi.org/10.1016/j.toxlet.2020.03.005
http://www.ncbi.nlm.nih.gov/pubmed/32145396
http://dx.doi.org/10.1515/reveh-2012-0002
http://www.ncbi.nlm.nih.gov/pubmed/22755265
http://dx.doi.org/10.1016/j.pharmthera.2019.03.005
http://www.ncbi.nlm.nih.gov/pubmed/30877021
http://dx.doi.org/10.1016/j.envres.2020.110292
http://www.ncbi.nlm.nih.gov/pubmed/33027627
http://dx.doi.org/10.3390/ijerph17134878
http://dx.doi.org/10.1186/s13195-017-0323-1
http://www.ncbi.nlm.nih.gov/pubmed/29258624
http://dx.doi.org/10.3390/ijerph16030337
http://dx.doi.org/10.1016/j.neuro.2016.06.004
http://dx.doi.org/10.1371/journal.pmed.1002496
http://dx.doi.org/10.1186/s12877-016-0342-y
http://www.ncbi.nlm.nih.gov/pubmed/27729011
http://dx.doi.org/10.1136/bmjopen-2015-008565
http://dx.doi.org/10.1093/geronb/gbz087
http://dx.doi.org/10.1002/alz.12177
http://www.ncbi.nlm.nih.gov/pubmed/32914938
http://dx.doi.org/10.3390/ijerph17030857
http://www.ncbi.nlm.nih.gov/pubmed/32019087
http://dx.doi.org/10.3390/ijerph17082882
http://dx.doi.org/10.1093/geronb/gbx135
http://dx.doi.org/10.1093/oxfordjournals.aje.a116364
http://dx.doi.org/10.1001/jamainternmed.2013.9079


Int. J. Environ. Res. Public Health 2020, 17, 7941 16 of 18

30. Sjoberg, L.; Fratiglioni, L.; Lovden, M.; Wang, H.X. Low mood and risk of dementia: The role of marital
status and living situation. Am. J. Geriatr. Psychiatry 2020, 28, 33–44. [CrossRef]

31. Johansson, L.; Guo, X.; Hallstrom, T.; Norton, M.C.; Waern, M.; Ostling, S.; Bengtsson, C.; Skoog, I.
Common psychosocial stressors in middle-aged women related to longstanding distress and increased risk
of Alzheimer’s disease: A 38-year longitudinal population study. BMJ Open 2013, 3, e003142. [CrossRef]
[PubMed]

32. Rothman, S.M.; Mattson, M.P. Adverse stress, hippocampal networks, and Alzheimer’s disease.
Neuromol. Med. 2010, 12, 56–70. [CrossRef]

33. Rosso, S.M.; Landweer, E.J.; Houterman, M.; Donker Kaat, L.; van Duijn, C.M.; van Swieten, J.C. Medical
and environmental risk factors for sporadic frontotemporal dementia: A retrospective case-control study.
J. Neurol. Neurosurg. Psychiatry 2003, 74, 1574–1576. [CrossRef]

34. Kalkonde, Y.V.; Jawaid, A.; Qureshi, S.U.; Shirani, P.; Wheaton, M.; Pinto-Patarroyo, G.P.; Schulz, P.E. Medical
and environmental risk factors associated with frontotemporal dementia: A case-control study in a veteran
population. Alzheimers Dement. 2012, 8, 204–210. [CrossRef] [PubMed]

35. Rasmussen, H.; Stordal, E.; Rosness, T.A. Risk factors for frontotemporal dementia. Tidsskr. Nor. Laegeforen.
2018, 138, 1–9.

36. Terrell, T.R.; Bostick, R.M.; Abramson, R.; Xie, D.; Barfield, W.; Cantu, R.; Stanek, M.; Ewing, T. APOE, APOE
promoter, and Tau genotypes and risk for concussion in college athletes. Clin. J. Sport Med. 2008, 18, 10–17.
[CrossRef]

37. O’Meara, E.S.; Kukull, W.A.; Sheppard, L.; Bowen, J.D.; McCormick, W.C.; Teri, L.; Pfanschmidt, M.;
Thompson, J.D.; Schellenberg, G.D.; Larson, E.B. Head injury and risk of Alzheimer’s disease by
apolipoprotein E genotype. Am. J. Epidemiol. 1997, 146, 373–384. [CrossRef]

38. McKee, A.C.; Daneshvar, D.H.; Alvarez, V.E.; Stein, T.D. The neuropathology of sport. Acta Neuropathol. 2014,
127, 29–51. [CrossRef]

39. Zetterberg, H.; Winblad, B.; Bernick, C.; Yaffe, K.; Majdan, M.; Johansson, G.; Newcombe, V.; Nyberg, L.;
Sharp, D.; Tenovuo, O.; et al. Head trauma in sports-clinical characteristics, epidemiology and biomarkers.
J. Intern. Med. 2019, 285, 624–634. [CrossRef]

40. Varela, S.; Cancela, J.M.; Seijo-Martinez, M.; Ayan, C. Self-paced cycling omproves cognition on
institutionalized older adults without known cognitive Impairment: A 15-month randomized controlled
trial. J. Aging Phys. Act. 2018, 26, 614–623. [CrossRef]

41. Brini, S.; Sohrabi, H.R.; Peiffer, J.J.; Karrasch, M.; Hamalainen, H.; Martins, R.N.; Fairchild, T.J. Physical
activity in preventing Alzheimer’s disease and cognitive decline: A narrative review. Sports Med. 2018, 48,
29–44. [CrossRef] [PubMed]

42. Silva, M.V.F.; Loures, C.M.G.; Alves, L.C.V.; de Souza, L.C.; Borges, K.B.G.; Carvalho, M.D.G. Alzheimer’s
disease: Risk factors and potentially protective measures. J. Biomed. Sci. 2019, 26, 33. [CrossRef]

43. Rege, S.D.; Geetha, T.; Broderick, T.L.; Babu, J.R. Can diet and physical activity limit Alzheimer’s disease
risk? Curr. Alzheimer Res. 2017, 14, 76–93. [CrossRef]

44. Lee, J. The relationship between physical activity and dementia: A systematic review and meta-analysis of
prospective cohort studies. J. Gerontol. Nurs. 2018, 44, 22–29. [CrossRef] [PubMed]

45. Du, Z.; Li, Y.; Li, J.; Zhou, C.; Li, F.; Yang, X. Physical activity can improve cognition in patients
with Alzheimer’s disease: A systematic review and meta-analysis of randomized controlled trials.
Clin. Interv. Aging 2018, 13, 1593–1603. [CrossRef] [PubMed]

46. Willer, B.S.; Zivadinov, R.; Haider, M.N.; Miecznikowski, J.C.; Leddy, J.J. A preliminary study of early-onset
dementia of former professional football and hockey players. J. Head Trauma. Rehabil. 2018, 33, E1–E8.
[CrossRef] [PubMed]

47. Payman, V.; Yates, S.; Cullum, S. Early onset dementia in New Zealand Pacific boxers: A case series.
N. Z. Med. J. 2018, 131, 20–26.

48. Ungethum, K.; Jolink, M.; Hippich, M.; Lachmann, L.; Haupt, F.; Winkler, C.; Hummel, S.; Pitchika, A.;
Kordonouri, O.; Ziegler, A.G.; et al. Physical activity is associated with lower insulin and C-peptide during
glucose challenge in children and adolescents with family background of diabetes. Diabet. Med. 2019, 36,
366–375. [CrossRef]

http://dx.doi.org/10.1016/j.jagp.2019.08.014
http://dx.doi.org/10.1136/bmjopen-2013-003142
http://www.ncbi.nlm.nih.gov/pubmed/24080094
http://dx.doi.org/10.1007/s12017-009-8107-9
http://dx.doi.org/10.1136/jnnp.74.11.1574
http://dx.doi.org/10.1016/j.jalz.2011.03.011
http://www.ncbi.nlm.nih.gov/pubmed/22465176
http://dx.doi.org/10.1097/JSM.0b013e31815c1d4c
http://dx.doi.org/10.1093/oxfordjournals.aje.a009290
http://dx.doi.org/10.1007/s00401-013-1230-6
http://dx.doi.org/10.1111/joim.12863
http://dx.doi.org/10.1123/japa.2017-0135
http://dx.doi.org/10.1007/s40279-017-0787-y
http://www.ncbi.nlm.nih.gov/pubmed/28940148
http://dx.doi.org/10.1186/s12929-019-0524-y
http://dx.doi.org/10.2174/1567205013666160314145700
http://dx.doi.org/10.3928/00989134-20180814-01
http://www.ncbi.nlm.nih.gov/pubmed/30257021
http://dx.doi.org/10.2147/CIA.S169565
http://www.ncbi.nlm.nih.gov/pubmed/30233156
http://dx.doi.org/10.1097/HTR.0000000000000421
http://www.ncbi.nlm.nih.gov/pubmed/30080796
http://dx.doi.org/10.1111/dme.13819


Int. J. Environ. Res. Public Health 2020, 17, 7941 17 of 18

49. Willette, A.A.; Johnson, S.C.; Birdsill, A.C.; Sager, M.A.; Christian, B.; Baker, L.D.; Craft, S.; Oh, J.; Statz, E.;
Hermann, B.P.; et al. Insulin resistance predicts brain amyloid deposition in late middle-aged adults.
Alzheimers Dement. 2015, 11, 504–510. [CrossRef]

50. Morris, J.K.; Vidoni, E.D.; Honea, R.A.; Burns, J.M.; Alzheimer’s Disease Neuroimaging Initiative. Impaired
glycemia increases disease progression in mild cognitive impairment. Neurobiol. Aging 2014, 35, 585–589.
[CrossRef]

51. Medehouenou, T.C.M.; Ayotte, P.; Carmichael, P.H.; Kroger, E.; Verreault, R.; Lindsay, J.; Dewailly, E.;
Tyas, S.L.; Bureau, A.; Laurin, D. Exposure to polychlorinated biphenyls and organochlorine pesticides and
risk of dementia, Alzheimer’s disease and cognitive decline in an older population: A prospective analysis
from the Canadian study of health and aging. Environ. Health 2019, 18, 57. [CrossRef] [PubMed]

52. Koeman, T.; Schouten, L.J.; van den Brandt, P.A.; Slottje, P.; Huss, A.; Peters, S.; Kromhout, H.; Vermeulen, R.
Occupational exposures and risk of dementia-related mortality in the prospective Netherlands Cohort Study.
Am. J. Ind. Med. 2015, 58, 625–635. [CrossRef] [PubMed]

53. Santibanez, M.; Bolumar, F.; Garcia, A.M. Occupational risk factors in Alzheimer’s disease: A review assessing
the quality of published epidemiological studies. Occup. Environ. Med. 2007, 64, 723–732. [CrossRef]
[PubMed]

54. Kukull, W.A.; Larson, E.B.; Bowen, J.D.; McCormick, W.C.; Teri, L.; Pfanschmidt, M.L.; Thompson, J.D.;
O’Meara, E.S.; Brenner, D.E.; van Belle, G. Solvent exposure as a risk factor for Alzheimer’s disease:
A case-control study. Am. J. Epidemiol. 1995, 141, 1059–1071. [CrossRef]

55. Errebo-Knudsen, E.O.; Olsen, F. Organic solvents and presenile dementia (the painters’ syndrome). A critical
review of the Danish literature. Sci. Total Environ. 1986, 48, 45–67. [CrossRef]

56. Colomina, M.T.; Peris-Sampedro, F. Aluminum and Alzheimer’s disease. Adv. Neurobiol. 2017, 18, 183–197.
57. Forster, D.P.; Newens, A.J.; Kay, D.W.; Edwardson, J.A. Risk factors in clinically diagnosed presenile dementia

of the Alzheimer type: A case-control study in northern England. J. Epidemiol. Community Health 1995, 49,
253–258. [CrossRef]

58. Wang, Z.; Wei, X.; Yang, J.; Suo, J.; Chen, J.; Liu, X.; Zhao, X. Chronic exposure to aluminum and risk of
Alzheimer’s disease: A meta-analysis. Neurosci. Lett. 2016, 610, 200–206. [CrossRef]

59. Ng, A.S.; Rademakers, R.; Miller, B.L. Frontotemporal dementia: A bridge between dementia and
neuromuscular disease. Ann. N. Y. Acad. Sci. 2015, 1338, 71–93. [CrossRef]

60. Couratier, P.; Corcia, P.; Lautrette, G.; Nicol, M.; Marin, B. ALS and frontotemporal dementia belong to a
common disease spectrum. Rev. Neurol. (Paris) 2017, 173, 273–279. [CrossRef]

61. D’Amico, E.; Factor-Litvak, P.; Santella, R.M.; Mitsumoto, H. Clinical perspective on oxidative stress in
sporadic amyotrophic lateral sclerosis. Free Radic. Biol. Med. 2013, 65, 509–527. [CrossRef] [PubMed]

62. Lian, L.; Liu, M.; Cui, L.; Guan, Y.; Liu, T.; Cui, B.; Zhang, K.; Tai, H.; Shen, D. Environmental risk factors and
amyotrophic lateral sclerosis (ALS): A case-control study of ALS in China. J. Clin. Neurosci. 2019, 66, 12–18.
[CrossRef] [PubMed]

63. McCleery, J.; Abraham, R.P.; Denton, D.A.; Rutjes, A.W.; Chong, L.Y.; Al-Assaf, A.S.; Griffith, D.J.; Rafeeq, S.;
Yaman, H.; Malik, M.A.; et al. Vitamin and mineral supplementation for preventing dementia or delaying
cognitive decline in people with mild cognitive impairment. Cochrane Database Syst. Rev. 2018, 11, CD011905.
[CrossRef]

64. Rutjes, A.W.; Denton, D.A.; Di Nisio, M.; Chong, L.Y.; Abraham, R.P.; Al-Assaf, A.S.; Anderson, J.L.;
Malik, M.A.; Vernooij, R.W.; Martinez, G.; et al. Vitamin and mineral supplementation for maintaining
cognitive function in cognitively healthy people in mid and late life. Cochrane Database Syst. Rev. 2018,
12, CD011906. [CrossRef]

65. Vinceti, M.; Mandrioli, J.; Borella, P.; Michalke, B.; Tsatsakis, A.; Finkelstein, Y. Selenium neurotoxicity in
humans: Bridging laboratory and epidemiologic studies. Toxicol. Lett. 2014, 230, 295–303. [CrossRef]
[PubMed]

66. Kivipelto, M.; Mangialasche, F.; Ngandu, T. Lifestyle interventions to prevent cognitive impairment, dementia
and Alzheimer disease. Nat. Rev. Neurol. 2018, 14, 653–666. [CrossRef]

67. Zhong, G.; Wang, Y.; Zhang, Y.; Guo, J.J.; Zhao, Y. Smoking is associated with an increased risk of dementia:
A meta-analysis of prospective cohort studies with investigation of potential effect modifiers. PLoS ONE
2015, 10, e0118333. [CrossRef]

http://dx.doi.org/10.1016/j.jalz.2014.03.011
http://dx.doi.org/10.1016/j.neurobiolaging.2013.09.033
http://dx.doi.org/10.1186/s12940-019-0494-2
http://www.ncbi.nlm.nih.gov/pubmed/31200706
http://dx.doi.org/10.1002/ajim.22462
http://www.ncbi.nlm.nih.gov/pubmed/25943788
http://dx.doi.org/10.1136/oem.2006.028209
http://www.ncbi.nlm.nih.gov/pubmed/17525096
http://dx.doi.org/10.1093/oxfordjournals.aje.a117370
http://dx.doi.org/10.1016/0048-9697(86)90153-1
http://dx.doi.org/10.1136/jech.49.3.253
http://dx.doi.org/10.1016/j.neulet.2015.11.014
http://dx.doi.org/10.1111/nyas.12638
http://dx.doi.org/10.1016/j.neurol.2017.04.001
http://dx.doi.org/10.1016/j.freeradbiomed.2013.06.029
http://www.ncbi.nlm.nih.gov/pubmed/23797033
http://dx.doi.org/10.1016/j.jocn.2019.05.036
http://www.ncbi.nlm.nih.gov/pubmed/31155341
http://dx.doi.org/10.1002/14651858.CD011905.pub2
http://dx.doi.org/10.1002/14651858.CD011906.pub2
http://dx.doi.org/10.1016/j.toxlet.2013.11.016
http://www.ncbi.nlm.nih.gov/pubmed/24269718
http://dx.doi.org/10.1038/s41582-018-0070-3
http://dx.doi.org/10.1371/journal.pone.0118333


Int. J. Environ. Res. Public Health 2020, 17, 7941 18 of 18

68. Otuyama, L.J.; Oliveira, D.; Locatelli, D.; Machado, D.A.; Noto, A.R.; Galduroz, J.C.F.; Prince, M.J.; Ferri, C.P.
Tobacco smoking and risk for dementia: Evidence from the 10/66 population-based longitudinal study.
Aging Ment. Health 2019, 1–11. [CrossRef]

69. Rasmussen Eid, H.; Rosness, T.A.; Bosnes, O.; Salvesen, O.; Knutli, M.; Stordal, E. Smoking and obesity as
risk factors in frontotemporal dementia and Alzheimer’s disease: The HUNT Study. Dement. Geriatr. Cogn.
Dis. Extra 2019, 9, 1–10. [CrossRef]

70. Cations, M.; Withall, A.; Low, L.F.; Draper, B. What is the role of modifiable environmental and lifestyle risk
factors in young onset dementia? Eur. J. Epidemiol. 2016, 31, 107–124. [CrossRef]

71. Koedam, E.L.; Lauffer, V.; van der Vlies, A.E.; van der Flier, W.M.; Scheltens, P.; Pijnenburg, Y.A. Early-versus
late-onset Alzheimer’s disease: More than age alone. J. Alzheimers Dis. 2010, 19, 1401–1408. [CrossRef]
[PubMed]

72. Hunter, L.E.; Freudenberg-Hua, Y.; Davies, P.; Kim, M.; Lipton, R.B.; Stewart, W.F.; Srinivasan, P.; Hu, S.;
Lipton, M.L. Associations of apolipoprotein E epsilon4 genotype and Ball heading with verbal memory in
amateur soccer players. JAMA Neurol. 2020, 77, 419–426. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1080/13607863.2019.1647140
http://dx.doi.org/10.1159/000495607
http://dx.doi.org/10.1007/s10654-015-0103-9
http://dx.doi.org/10.3233/JAD-2010-1337
http://www.ncbi.nlm.nih.gov/pubmed/20061618
http://dx.doi.org/10.1001/jamaneurol.2019.4828
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Results 
	Discussion 
	Conclusions 
	References

