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Abstract: Introduction and Background: Dementia has many different causes. Dementia is considered a multifactorial 
disease; hence the interplay between factors for every case is a complex study. Early and recent reviews had 
recognised several risk factors associated with dementia in general and with AD specifically. The most studied risk 
factors include genetics, increasing age, education, environment, and brain injuries. This review aims to give readers 
access to the latest research on the educational and environmental risk factors of dementia by selecting recent high-
quality resources and summarising them in this review. 

Methods: The current article is a narrative review of broad literature research.  

Results and Discussion: The comprehensive examination of evidence supports the following. First, low education can be 
considered a relevant risk factor for developing dementia, although the operationalisation of "low education" is still 
unclear in many studies. The mechanisms of "cognitive reserve" have an important implication in the relationships 
between education and dementia, and this has been studied with limitations in people with intellectual disorders. 
Second, air pollution is now considered a dementia risk factor with plenty of evidence concerning PM2.5 but less 
conclusive evidence regarding single gaseous pollutants because of the “multi-exposure response.” 

Conclusion: The considerable body of research points towards an association between these risk factors and dementia 
prevalence. Low- and middle-income countries will benefit from prioritising child education for all since education is one 
of the major risk factors for dementia and a wide variety of health disparities. 
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INTRODUCTION 

The number of older people, including those living 
with dementia, is growing rapidly. Dementia is a public 
health matter, particularly in under-developing nations, 
with a significant rise expected in the upcoming 
generation [1]. At present, there are 50 million cases of 
AD worldwide. This number is expected to double 
every five years and reach 150 million by 2050 [2]. The 
dementia burden of the disease affects not only 
individuals but their families and the economy in 
general; only Alzheimer's disease has a global 
estimated cost of US$1 trillion annually [3]. With this in 
mind, the importance of identifying the potentially 
modifiable risk factors that could reduce dementia –
including people with intellectual disability– is essential 
[4]. 

There are substantial developments in today’s 
understanding of epidemiology, pathogenesis, 
diagnosis, and psychological consequences of 
dementia. Early reviews [2,5-8] had recognised several 
risk factors associated with dementia. Starting with the 
1988 review by Henderson et al., over twenty factors 
and their pathogenesis were discussed [7]. The most 
studied risk factors include genetics [9], increasing age 
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[10], education [11], environmental and brain injuries 
[8]. While dementia in people with intellectual disorders 
is prevalent, research is limited [12]. The Lancet 
Commission on Dementia Prevention, Intervention, and 
Care in 2017 and 2020 conducted a broad review and 
meta-analyses to identify a 12 risk factor life-course 
model of dementia prevention [2,5]. Those 12 
modifiable risk factors account for around 40% of 
worldwide dementias that could theoretically be 
prevented or delayed [2]. The 12 factors are: low 
education attainment, hearing impairment, 
hypertension, traumatic brain injury, alcohol 
consumption, smoking, obesity, depression, physical 
inactivity, social isolation, air pollution, and diabetes 
[2,5]. Identifying risk factors has been extensive and is 
still under development, mainly when keeping up with 
the high amount of new evidence being published. 

Therefore, the purpose of this article is to give 
readers easy access to the latest research on the 
educational and environmental risk factors of dementia 
by selecting high-quality resources that are relevant, 
meaningful, influential, recent and summarising them 
into this complete report. 

BACKGROUND 

Dementia is a cognitive and memory impairment 
condition typically present at an older age due to 
neurological disorders and cerebrovascular 
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mechanisms that began at earlier ages [13]. The term 
“dementia” has been considered stigmatising for 
certain cultural beliefs, leading to patients avoiding its 
diagnosis [5,14]. Hence, the Statistical Manual of 
Mental Disorders (DSM-5) stopped using this term and 
uses “major neurocognitive disorders” (Major NCD) 
[15]. This classification differentiates mild and major 
NCD, which are illnesses characterised by a cognitive 
decline; however, major NCD, such as dementia, 
impacts people's daily living and social functioning who 
have had a normal brain development [16,17]. 

The progressive decline of cognitive functions can 
have many different causes, such as Alzheimer’s 
disease (AD), which is the most common, followed by 
vascular dementia and dementia associated with Lewy 
bodies (DLB) [5]. Frontotemporal dementia (FTD) is the 
second cause of pre-senile early-onset dementia 
[18,19]. Dementia featuring a mix of aetiologies is also 
common, while dementias associated with infections, 
alcohol abuse, brain injury, abnormality in the 
pulmonary and circulatory systems, and nutritional 
deficiency are less frequent causes [20,21]. 
Furthermore, dementia is prevalent in people with 
severe or profound intellectual disorders, particularly 
people with Down syndrome, since they have a high 
genetic risk of developing dementia (77% develop 
dementia by the age of 69) [12]. Hence, early detection 
and diagnosis are complex. A pre-existing intellectual 
disability and co-mobility might mimic dementia 
symptoms and complicate the diagnosis in this 
population [22]. According to researchers, the more 
severe the level of intellectual disorder, the more 
difficult the diagnosis of dementia is [23]. 

The DSM‑5 describes the criteria to define specific 
aetiological subtypes of mild and major neurocognitive 
disorders. The diagnosis is based on clinical 
characteristics and biomarkers [17]. For the purpose of 
classifying NCD, the Neurocognitive Disorders Work 
Group established six principal domains of cognitive 
function: 1) complex attention, 2) executive function, 3) 
learning and memory, 4) language, 5) perceptual-motor 
function, and 6) social cognition. The diagnostic criteria 
for major NCD or dementia are (A) evidence of 
significant cognitive decline from a previous level of 
performance in one or more cognitive domains (the six 
mentioned above) based on a concern of the person, a 
knowledgeable informant, or a clinician. Alternatively, a 
substantial impairment is assessed by standardised 
neuropsychological testing and clinical assessment. (B) 
The cognitive decline interferes with independence in 
everyday activities. (C) The cognitive deficit does not 

happen only in the context of delirium. (D) The 
cognitive deficits are not part of another mental 
disorder (DSM-5 

The symptoms start from age 40 to 90, having no 
other brain diseases. In 1984 the clinical diagnostic’s 
criteria of AD included the diagnosis of dementia by 
neurophysiological test, progressive memory loss, 
impaired daily-life activity, and symptoms such as 
impairment of language, motor skills disorders, and 
loss of perception (agnosia) [24]. Later in 2011, the 
Alzheimer’s Association changed the AD dementia 
criteria to include biomarkers such as markers of brain 
amyloid, markers of neuronal injury, and magnetic 
resonance imaging (MRI) for atrophy measurement 
[25]. Hence, in the case of people with severe 
intellectual disabilities, the low cognitive baseline 
functioning makes it difficult to establish a decline from 
a previously higher level. And the measurable changes 
using regular neuropsychological tests are not 
adequate in these cases due to floor effect [12]. While 
observing the need for daily living is also difficult to 
observe because some skills were never attained in 
this population [26].  

Dementia is considered a multifactorial disease; 
hence the interplay between factors for every case is a 
complex study.  

METHODS 

The current study is a narrative literature review. 
The criteria for high-quality evidence was systematic 
reviews, randomised clinical trials, and peer-review 
articles published in high impact factor journals, 
considered "influencing" when cited more than 300 
times. The literature search included the main 
databases of PubMed (MEDLINE), Web of Science, 
Scopus, and Google Scholar. The articles did not have 
a restriction in time, although only articles published in 
English were included. The search did not follow a 
systematic approach. However, the keywords used 
were a combination of Dementia, Alzheimer’s disease, 
education, environment, risk factors and its synonyms. 

REVIEW 

Education as a Risk of Dementia 

Education 

The first suggestion about the relationship between 
dementia and education was done by Mortimer and 
discussed by Terry & Davis in 1980. The proposition 
was that psychological factors such as education could 
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safeguard against dementia by increasing the 
“intellectual reserve” [20]. Early studies in the 90s 
suggested the link between low education and 
dementia [27,28], including the first large-scale study of 
dementia prevalence conducted in China [29]. The 
results suggested a strong relationship between lack of 
any formal education and the increase of dementia 
prevalence. Nowadays, after 30 years of research, low 
education is perhaps the most significant modifiable 
risk worldwide for developing dementia [2,5]. 
Specifically, higher childhood education levels and 
higher education attainment are currently recognised 
as factors for reducing dementia risk [30,31]. New 
research indicates that cognitive ability increment with 
education; however, it reaches a plateau in late 
adolescence when the brain has its greatest plasticity 
[32]. The studies suggest that education gains are 
relatively few after the age of 20 concerning dementia 
protective qualities [2]. 

Up to 2020, there was about eight major systematic 
reviews and meta-analyses that summarise the 
literature about education and its relationship to 
dementia, and these are Valenzuela and Sachdev, in 
2005 [33]; Caamaño-Isorna et al. in 2006 [34]; 
Fratiglioni and Wang in 2007 [35]; Sharp and Gatz in 
2011 [36]; Meng and D'Arcy in 2012 [37]; Prince et al. 
in 2014 [38]; Xu et al. in 2016 [39]; Maccora et al. in 
2020 [40]. Caamaño-Isorna et al. conducted a meta-
analysis with 19 studies where they reported that low 
education could be considered a risk factor for 
developing dementia in terms of epidemiological 
criteria [34]. Five years later, Sharp and Gatz, in a 
systematic review with 71 studies and 88 study 
populations, reported that low education was 
associated in many but not all of the studies; the level 
of education associated with dementia varied by 
populations [36].  

Odds ratios for low education increasing the risk of 
dementia were calculated in six meta-analyses [34, 37-
40], confirming this association. The most recent 
systematic review and meta-analysis were conducted 
in 2020 and included 65 studies representing 
populations from 24 countries [40]. The variable of 
“education” reported 23 continuous, 29 dichotomous, 
and 31 categorical operationalisations. Dichotomous 
operationalisation resulted in the increased risk for low 
education of 45% (95% CI: 29-63%) for dementia in 
general and 85% (95% CI:56-118%) for AD only. The 
researchers reported that low education definitions 
were quite heterogeneous, ranging from zero to 12 
years.  

In several studies included in the systematic 
reviews mentioned above, it was unclear what “low 
education” meant and how much “education” is needed 
to reduce dementia [41]. As an exception, Meccora et 
al., in the meta-analysis published in 2020, reported 
continuous operationalisation of dementia. Each year 
of education reduced the risk by 8% for AD (95% CI: 5-
12%) and 7% for any dementia (95% CI:6-9%) [40]. 
Another difficulty for measuring this relationship to 
dementia is that education –and its specific impact– is 
difficult to separate from the effect of overall cognitive 
ability and cognitive stimulation [2]. For example, 
Foverskov et al. in 2020, examined separate and joint 
associations of adolescent cognitive ability and 
education attainment with risk of dementia; they found 
that a 10% higher cognitive ability score was 
associated with a 2.8% lower risk of dementia, while 
the magnitude of the association only changed 
marginally after adjustment for education [42]. 

Cognitive Reserve 

“Reserve” is described as the capacity to maintain 
cognitive functions relatively well at a given level of 
pathology. The theory of cognitive reserve (CR) 
hypothesises that specific life experiences are cognitive 
stimulating, developing a capability to maintain 
cognitive performance when ageing and experience 
certain brain diseases without developing clinical 
symptoms [43]. A well-documented body of research 
has pointed towards factors including education, social 
activities, leisure activities, work complexity which 
could contribute to this cognitive reserve [35]. 
Epidemiological studies that support this hypothesis 
are well established, particularly in AD [44], since 
patients with neuropathological AD changes do not 
develop dementia, indicating a type of resilience [45]. 
However, even when these studies are consistent, 
there haven’t been specific studies involving 
participants with intellectual disabilities. According to 
the theory of cognitive reserve, adults with intellectual 
disabilities would have brain reserve limitations [46]. 
Furthermore, people with intellectual disabilities in 
developing countries have been probably excluded 
from education. This theory predicts that older adults 
with intellectual disorders are at higher risk for 
dementia in comparison with their counterparts without 
disabilities, having a downward shift in age-associated 
risk [46]. 

Systematic reviews of epidemiological and 
biological studies analyse cognitive reserve in 
dementia, leading to preliminary conclusions. Fratiglioni 
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and Wang reported that high education, work 
complexity and a lifestyle that integrates mental and 
social activities could postpone the onset of clinical 
dementia and AD [35]. Cognitive reserve in late life is 
likely to be increased during early life through 
education and other intellectual stimulation [31], which 
impacts neuronal branching and brain plasticity. This 
reserve, hence, is linked to either brain anatomical 
substrate or adaptability of cognition [47]. For example, 
Valenzuela’s systematic review found that low 
educational level results in vulnerability to cognitive 
decline when there is a lack of CR [33]. However, the 
current research results are uncertain if education post-
secondary school gives additional protective reserve 
[5], whilst other life experiences such as bilingualism 
also may be protective considering this a cognitive 
activity [48]. A recent study in 2021 by Beyer et al. 
concluded that in patients with frontotemporal dementia 
(FTD), education level predicts existing 
hypometabolism at the same cognition level, 
supporting the theory of CR also in this type of 
dementia [49]. 

Environmental Risk and Dementia 

Air Quality 

Air quality is one of the most important 
environmental topics of modern times. Each year, both 
outdoor and indoor air pollution contributes to many 
diseases’ incidence and millions of premature deaths in 
the entire world. Air pollution includes both solids and 
gaseous pollutants [50-53]. Solids are particle matter 
with a diameter less than or equal to specific microns, 
in specific, particle pollutants PM10 and PM2.5 

(aerodynamic diameter ≤10mm or ≤2.5mm). Gaseous 
are carbon monoxide (CO), nitrogen dioxide (NO2), 
sulfur dioxide (SO2), and ozone (O3) [54]. A growing 
body of research indicates that atmosphere quality and 
pollution affect neuropsychological development and 
impairment [55]. Although most studies have focused 
on solids pollutants [56-58], exposure to ambient 
gaseous pollutants is being studied as a risk of 
cerebrovascular diseases and ischemic stroke [59]. 
These diseases relate to dementia prevalence since 
cerebrovascular diseases are one of the main 
contributors to Alzheimer’s disease and dementia in 
general [60]. In 2020, the Lancet Commission on 
Dementia concluded, based on “newer, convincing 
evidence,” that air pollutants, including gaseous, are a 
dementia risk factor [2]. They also reported that air 
quality risk might act via vascular mechanisms [61]. 

Traffic exhaust produces PM2.5 and high nitrogen 
dioxide (NO2) in concentrations more than >41.5 µg/m 
that causes damages in human health that are linked to 
dementia incidence [62,63]. The same happens with 
PM2.5 from residential wood-burning [2]. It is difficult to 
separate the different pollutants' effects on dementia. 
Reviews of epidemiological evidence analysing air 
pollution as a dementia risk factor has described the 
evidence as "multi-exposure response" or "residual 
cofounding" [64,65] since other factors such as noise 
are also considered in traffic [66,67]. Overcoming the 
difficulty of the “multi-exposure” aspect within research, 
the Lancet Commission on Dementia in 2020, along 
with other systematic reviews such as Fu and Yung in 
2020 [54], Peters et al. in 2019 [61], Tsai et al. in 2019 
[68], Paul et al. in 2019 [64], Power et al. in 2016 [69], 
and Killin et al. also in 2016 [70], concluded that PM2.5, 
NO2, and carbon monoxide (CO) are all associated 
with increased dementia risk. 

The Lancet Commission on dementia updated the 
systematic review with research published until 
October 2019; they included studies with 
measurements of all causes of air pollution exposure 
(traffic, household, ambient) and used a formal 
assessment of cognitive function baseline. The 
Commission reported all-cause dementia incidents in 
adults over eighteen years old and a minimum follow-
up of six months. The calculated relative risk (RR) of 
dementia in the highest quartiles compared with the 
lowest exposure was reported as 1.09 (1.07–1.11). 
While the attributable population fraction (PAF) for 
exposure of PM2.5 and NO2 was 6.1% (4.8-7.5) [2]. Fu 
and Yung conducted a meta-analysis on air pollution 
and Alzheimer’s disease covering studies published 
until March 2020; they calculated odd risk (OR) for 
PM10, PM2.5, NO2, O3, CO, SO2. The OR per 10mg/m3 
increment of PM2.5 was 1.95 (95% CI: 0.88-4.30), 
suggesting that the association between AD and PM2.5 

is strong [54]. The values per 10mg/m3 increment of O3 
were 1.03 (95% CI: 0.68-1.57) and for NO2 were 1.00 
(95% CI: 0.89–1.13). The overall OR for all pollutants 
with AD was 1.32 (95% CI: 1.09-1.61), while heavily 
polluted regions had an increased risk (2.20) in 
comparison to lightly polluted regions (1.06). 

Finally, in 2021 a new meta-analysis was published 
by Ru et al. the authors developed an exposure-
response model and simulation, estimating that 
ambient PM2.5 pollutions could be responsible for 15% 
of premature deaths and 7% of disability-adjusted life 
years (DALYs) associated with dementia [71]. In other 
words, the authors calculated 2.1 million (M) of 
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dementia new cases in the over-65 worldwide 
populations attributable to PM2.5 exposures. 
Interestingly, the estimates also involved geographic 
data, suggesting that the largest burden was in China 
(26% of the global toll); the second and third largest 
burden was calculated in Japan and India with 8% 
each. On a per-capita basis, the greatest incidence and 
death rates were reported in high-income European 
and Asian countries due to the older population of 
these regions and, therefore, a higher baseline 
incidence rate of dementia [71]. 

Toxic Metals 

Metals can be found in nature and biological 
systems; they include bio-metals with a specific 
function in the organisms and toxicological metals. 
Among the bio-metals are zinc, iron, and copper [6]. At 
the same time, toxicological and heavy metals such as 
aluminium, lead, cadmium, and manganese are 
widespread in specific environments [72]. Compared 
with other metals, Aluminium (Al) is the most studied 
associated with dementia, AD, and cognitive functions 
[73]. Al is frequently used in industries such as foods, 
medical preparations, cosmetics, and others. 
Aluminium is transferred via plasma and citrate 
molecules that mediate its transmission to the brain 
[74]. There is extensive evidence demonstrating that 
aluminium accumulation occurs in grey matter in 
diseases related to Alzheimer’s neurofibrillary 
degeneration [75]. Further studies have indicated that 
Al also accumulates in the cortex, hippocampus, and 
cerebellum areas, causing aggregation, misfolding, and 
phosphorylation in certain proteins such as tau protein, 
which is a characteristic of AD [74]. 

Killin et al., in 2016, conducted a systematic review 
including sixteen publications [70]. They concluded that 
the only high-quality study was a prospective cohort 
study called PAQUID [76] with four thousand older 
adults in France. This study reported that levels higher 
than 0,1mg of aluminium consumption in drinking water 
per day were related to doubling the risk of dementia 
and three times increase in AD risk [77]. In 2021, 
Bagepally et al., analysing cognitive functions and Al 
exposure, conducted a newer meta-analysis. They 
reported significant associations of chronic Aluminium 
exposure and lower global cognitive scores (-0.65, -
1.09 to -0.22) [78]. The specific cognitive domains that 
were significantly impaired among the population with 
Al exposure were memory, working memory and 
processing speed. In addition, Zhang et al. (in 2021) 
also demonstrated a significant association between Al 

exposure and lower cognitive function. They studied 
workers from aluminium mines and assessed their 
cognitive functions compared to non-workers. Most of 
their participants reported a history of dust inhalation 
when working in the mine and lived in the surrounding 
area for decades [79]. 

Although manganese is an essential metal, 
environmental exposure or high levels in the body can 
be toxic. Lead and cadmium have been associated with 
several health problems even when the exposure is low 
[72]. These three metals had been documented as 
neurotoxicants, which contribute to AD pathologies 
[72]. In longitudinal studies with older adults, lead is 
related to lower cognitive status, and its acute 
exposure is associated with AD. This metal competes 
with bio-metals crossing the blood-brain barrier where it 
can alter neural differentiation, leading to severe 
damage. However, there is no longitudinal human 
epidemiology study specifically assessing lead 
exposure on AD. 

Cadmium is carcinogenic and can cross the blood-
brain barrier and lead to neurological diseases, 
including AD [80]. Cadmium exposure usually occurs 
through diet and smoking cigarettes; the last one can 
enter the brain via the olfactory bulb and through the 
blood-cerebrospinal fluid barrier [72], causing 
neuroinflammation and oxidative stress. This metal 
also can change the permeability of the blood-brain 
barrier leading to tau neurofibrillary tangles; this is 
associated with decreased cognitive function and AD. 
On the other hand, manganese is an essential metal 
usually ingested through the diet, although high levels 
via inhalation can cause its accumulation. Manganese 
ingested in the diet can also cross the blood-brain 
barrier, while inhaled manganese is absorbed through 
olfactory transports pathways leading to brain 
accumulation [72]. In human epidemiologic research, 
elevated exposure is related to cognitive decline and 
neurodegenerative disease. 

DISCUSSION  

The comprehensive examination of evidence 
regarding the educational and environmental risk 
factors of dementia supports the following. First, low 
education can be considered a relevant risk factor for 
developing dementia, although the operationalisation of 
"low education" is still unclear in many studies. In 
addition, the mechanisms of “cognitive reserve” have 
an important implication in the relationships between 
education and dementia. Second, air pollution is now 
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considered a dementia risk factor with plenty of 
evidence concerning PM2.5 but less conclusive 
evidence regarding single gaseous pollutants because 
of the “multi-exposure response.” In the following 
section, we will expand on the complexity of the 
research evidence. 

A large body of research supports a causal 
association between education and dementia [81]. 
Moreover, as Meccora et al. pointed out, the effect of 
education on dementia is outstanding given the 
heterogeneity of measurements, the different types of 
dementia, population diversity, diagnostic methods, 
and statistical approach of the studies [40]. In countries 
such as the United States, Sweden, Netherlands, and 
Canada, there was an unexpected decline in age-
specific dementia prevalence has observed [82,83]; the 
studies suggest that the increment of education in the 
general population might be the cause [84]. However, 
even if education is an important modifiable risk factor 
[2,5], there is a lack of consensus about the definition 
of “low education.” 

Maccora et al. in 2020 published a systematic 
review documenting the inconsistency in measuring 
and operationalising education in dementia research 
specifically. There were studies with continuous, 
dichotomous and categorical operationalisations of 
education in their review. Many of the studies in the 
review defined the variable in terms of years; however, 
the cut-offs used for "low education" ranged from zero 
to twelve years of study. The rest of the studies used 
levels of attainment, but the cut-off considered "low" 
ranged from not completing primary school, elementary 
school, high school, or not having any qualification. 
Interestingly, the authors concluded that the education 
measurement would differ depending on the theoretical 
framework the study is looking from. For example, a 
neuroscientific perspective would have the objective of 
measuring the total neuroprotective exposure (years of 
study), a psychological viewpoint would be interesting 
in measuring the overall level of achievement because 
the psychosocial characteristics, while a sociological 
standpoint, would want to develop a measure that 
represents a socioeconomic milestone that changes 
the opportunities and lifestyle [40]. The authors 
concluded that measurement and definition of 
education obstruct the translation of evidence into 
practice, delaying the design of policy recommen-
dations and strategies to reduce dementia risk [40]. 

Reed et al. adopted a “residual approach,” which is 
proposed as a quantitative index for cognitive reserve 

in patients with AD. The central concept is that 
“reserve” could be defined as the “difference between 
the cognitive performance predicted by an individual’s 
level of pathology and that individual’s actual 
performance.” Using this concept, people whose 
cognitive performance is superior to the predicted by 
the pathology have a high reserve, whereas people 
who perform poorer than predicted have a low reserve 
[85]. This framework has been helpful as an index in 
several studies [33,35,49,86]. However, one weakness 
of this method is that the residual may result from a 
mixture of random prediction error, and then a portion 
of the variable could be attributed to reserve. 

As pointed out earlier, given the heterogeneity and 
multidisciplinary proxy variable of education, it is 
difficult to predict how education impacts cognitive 
reserve. Sharp and Gatz have suggested that 
“education is best described as a proxy for a trajectory 
of life events… that either increase or decrease an 
individual’s risk for dementia” [36]. Furthermore, as 
Beyer et al. point out, years of education is not the only 
proxy that has been recognised to assess cognitive 
reserve [49]; other factors such as occupation and life 
activities have been recognised as contributors to the 
overall reserve of a person [43,87]. Livingston et al. in 
the Lancet Commission on dementia also explained 
that cognitive reserve is changeable, and it uses proxy 
measures such as residual approach, education, the 
complexity of occupation, and life activities [88–90]. For 
example, people in higher cognitively demanding jobs 
tend to show less cognitive deterioration before and 
even after retirement [91]. Although there is conflicting 
evidence in this regard, one longitudinal study with 
more than a thousand people found older retirement 
age associated with lower dementia risk, but not the 
number of years working or the type of work [92]. 

There is some contradictory evidence regarding air 
quality because it has been suggested that traffic and 
air pollution in association with dementia might not be 
considered the co-pollution effects. And multi-exposure 
to simultaneously factors such as noise and lack of 
greenness which also have been studied to be related 
to the incidence of dementia. For example, Yuchi et al. 
in 2020 studied how greenness could have a protective 
effect from cognitive deterioration, while road proximity 
accounts not only for air pollution but also noise [67]. 

As Livingston et al. point out, the attributable 
population fraction (PAF) assumes an association 
between a risk factor and dementia incidence; 
however, a causative link is needed for leading 
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interventions to actual incidence reduction. In addition, 
causality would need a higher level of evidence, such 
as randomised controlled trials with humans, and some 
authors have suggested that correlation could not be 
reliably interpreted as evidence of a causal relationship 
because of the potential confounding [81]. On the 
contrary, since human randomised controlled trials are 
not viable for certain risk factors, several authors have 
recommended using “association” as a criterion for 
causality [93]. 

CONCLUSION 

This review explored and discussed the latest high-
quality research on the educational and environmental 
risk factors of dementia and was summarised them into 
this complete review. 

The Lancet Commission on Dementia Prevention, 
Intervention, and Care identified 12 modifiable risk 
factors, which account for around 40% of worldwide 
dementias that could theoretically be prevented or 
delayed. Among those are low education and air 
pollution. Odds ratios had been calculated in several 
meta-analyses confirming that low education increases 
the risk of dementia. These results are outstanding 
given the heterogeneity of the operationalisation of 
education, the types of dementia, the population 
diversity, diagnosis methods and research 
methodology. Regarding the heterogeneity of the “low 
education concept,” there are inconsistencies where 
studies account for years of study or educational 
attainment. One of the standard theories used to 
explain this relationship is the “cognitive reserve” 
approach. It was observed that low education level 
results in the vulnerability of cognitive decline. 
Furthermore, systematic reviews suggest that cognitive 
reserve in dementia is not only attained by education, 
work complexity, and life activities, and other factors 
are also recognised as contributors of cognitive 
reserve. At the same time, this theory has been studied 
with limitations in people with intellectual disabilities. 

In regards to environmental risk factors, air 
pollution, which encompasses solids and gaseous 
pollutants such as PM2.5 carbon monoxide (CO), 
nitrogen dioxide (NO2), sulfur dioxide (SO2), and ozone 
(O3), had been associated with cognition impairment. 
Specifically, exposure to PM2.5 is now well recognised 
as a dementia risk factor although, it is difficult to 
separate the effects of the different pollutants. This 
problem is best described as a multi-exposure 
response since air pollution encompasses several 

pollutants and is present with other factors such as 
noise. Amongst toxic metals, aluminium (Al) is the most 
studied metal. Al exposure has been found to be 
associated with dementia, AD, and cognitive 
impairment. There is extensive evidence that Al 
accumulates in specific brain areas and causes 
neurofibrillary degeneration.  

The considerable body of research points towards 
an association between these risk factors and 
dementia incidence and prevalence. Further, low- and 
middle-income countries will benefit from prioritising 
child education for all since education is one of the 
major risk factors for dementia and a wide variety of 
health disparities. 
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