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Abstract
Introduction

Physical activity has been included in the list of twelve modifiable risk factors for dementia,
despite conflicting results from observational and controlled studies. In particular it is not clear
whether physical inactivity near the time of dementia diagnosis is a consequence or cause of
dementia. We review all available studies reporting the possible association between having

engaged in PA before 60 years of age and the risk of dementia.
Evidence acquisition

We performed a systematic review based on the methodology reported in the Cochrane
handbook for systematic reviews and following the PRISMA statement. Bibliographic searches were
carried out on the databases PubMed, ISI Web of Science and the Cochrane Database of Systematic
Reviews. Further references were retrieved from published systematic reviews on the same topic.

Included studies were assessed using the Newcastle Ottawa scale.
Evidence synthesis

The bibliographic search yielded 1381 records. A total of 11 studies were included. Three of
the included studies were case control studies, while the remaining 8 were cohort studies The
overall quality of included studies was high. However, clinical criteria for the diagnosis of dementia,
criteria to define and measure and PA and time-reference of exposure were heterogeneous, with
some studies considering specific age range of exposure, and other reports dealing with more

generic "adult age".
Conclusions

This review suggests that there is insufficient evidence to conclude whether PA in early life
may affect the incidence of dementia in later life. Studies in this field are very complicated and
recognizing the impact of PA in early life given all the confounding factors is very difficult. Further
studies are warranted. In these studies, it will be crucial to define the type, quantity and intensity

of PA as well as to stratify analysis by sex, cultures and social classes.



Introduction

Worldwide around 50 million people are affected by dementia, and this number is expected
to increase to about 150 million by 2050 (1), due to ageing population. However, in some high-
income countries, comparing similar cohorts at different time, the age-specific incidence of

dementia appears to decrease, probably due to lifestyle changes (2, 3).

It was recently estimated that around 40% of dementia cases worldwide might be
attributable to 12 modifiable risk factors: less education, physical inactivity, hearing impairment,
low social contact, hypertension, diabetes, obesity, depression, smoking, alcohol consumption,
traumatic brain injury and air pollution (4). Prevention of these risk factors could therefore be the

key to prevent or delay the onset of dementia.

In dementia, risk factor studies are complex for many reasons. As the patterns of these risk
factors can change with age and morbidity, knowledge of the life course is crucial to study the risk.
This is the case of obesity and hypertension which are risk factors in midlife but not in later life (5,
6). There are two different mechanisms of protection from dementia: reduce neuropathological
damage and increase and maintain “brain reserve”. The latter is changeable and difficult to quantify
due to the many risk factors that influence it in early life, such as the level of education and cognitive
stimulation (7). On the contrary, midlife and old-age risk factors are associated with cerebral
neuropathological damage. Finally, all risk factors can change across sex, cultures and social classes.

In this context, it is difficult to understand the true protective value of a single risk factor.

Studying physical activity (PA) is even more complicated. Additional factors may affect the
results of studies, such as the difficulties to quantify the activity, fluctuations during life and frequent
overlap with other risk factors. Nevertheless, PA has been indicated as a modifiable risk factor for
dementia (8, 9). The results of longitudinal observational studies and randomized clinical trials are
however conflicting. These discrepancies are also present within the same study. The Whitehall
Study found that PA reduces dementia risk over 10 years, but not 27-year follow-up (10). A meta-
analysis of 19 observational studies of middle-aged people describes an increased incidence of
dementia in physically inactive people 10 years before diagnosis (11). This increase in dementia risk,
however, was found only in people with cardio-metabolic comorbidities but not in other people. In
neurodegenerative dementias, the neuropathological processes underlying the development of

irreversible brain damage start many years before clinical diagnosis (12) and neuropsychiatric



symptoms such as depression and anxiety can increase during this prodromal phase (13, 14),
changing the lifestyle of people. Therefore, it is not clear whether physical inactivity preceding the

diagnosis of dementia is a consequence or cause of dementia.

The aim of this review is to systematically gather all available studies reporting the possible
association between having engaged in PA before 60 years of age and the risk of dementia assessing

their methodological quality.
Evidence acquisition

We carried out a systematic review based on the methodology reported in the Cochrane
handbook for systematic reviews (15) and following the PRISMA statement for reporting systematic
reviews and meta-analyses (16). Bibliographic searches were carried out on the databases PubMed,
ISI Web of Science and the Cochrane Database of Systematic Reviews with the following keywords:
(dementia* OR Alzheimer* OR “cognitive impairment”) AND (sport* OR exercise* OR "physical
activity" OR "physical activities" OR fitness) AND ("risk factor" OR "risk factors" OR "prevention" OR
"preventive") AND (frequency* OR incidence* OR prevalence* OR cohort OR prospective* OR

longitudinal®* OR case-control*).

Searches were not limited for language, publication year or study design. The bibliographic
references of included studies were also searched to identify further relevant studies. The titles and
abstracts of retrieved studies were reviewed by 3 independent reviewers and studies that were
pertinent with and relevant to the topic of the review were selected. Disagreements were resolved

by consensus.

Selected studies were read in full text and were applied the predefined inclusion/exclusion
criteria. Any type of observational study considering the exposure to any type of PA before 60 years
of age as a potential protective factor for any type of dementia was included. Only studies reporting
the possible association between having engaged in PA before 60 years of age and dementia as one
of the main objectives, and only studies reporting enough information to allow for data extraction
and methodological assessment were included. Studies reporting narrative results, as well as
abstracts, conference proceedings, posters, editorials, letters, narrative reviews, RCTs, case-reports
or case-series were excluded. We considered systematic reviews and/or meta-analyses separately

to review the references and check for consistency of results.



The methodological quality of included studies was assessed using the Newcastle-Ottawa
Scale (NOS) for quality assessment of non-randomized studies (17). The NOS scale comprises 8 items
analyzing the appropriateness of 3 domains: the selection of the study sample, the comparability of
groups, and the ascertainment of the exposure for case-control studies or of the outcome for cohort
studies. A maximum of 9 stars can be assigned to each study. Specifically, studies can be scored a
maximum of 4 stars for Selection, 2 stars for Comparability, and 3 stars for either Outcome or
Exposure. The presence of heterogeneity and any other potential bias was also investigated. Data
extraction was carried out using standardized forms, and potential disagreements were resolved by

consensus.
Evidence synthesis

Bibliographic search yielded 1381 records, and further four studies were gathered from 12
systematic reviews. A total of 1299 records were excluded as they were not relevant nor pertinent
to the topic of the review. The remaining 86 studies were applied the predefined inclusion and
exclusion criteria. A total of 75 studies were excluded as they were systematic reviews (n=12),
editorial (n=1), exposure measured in participants =60 or unspecified (n=55), did not observe
incidence of dementia (n=7). A total of 11 studies were included in the qualitative analysis and were
categorized according to study design and applied the NOS checklist. The flow diagram of the

included literature is reported in Figure 1.

Three of the included studies were case control studies (18, 19, 20), while the remaining 8
were cohort studies (10, 21, 22, 23, 24, 25, 26, 27). The summary of the characteristics and results

of each included study is reported in Table 1 (10,18-27).

The overall quality of included studies was high, with all of the case-control studies scoring
8 at the NOS scale, and all of the included cohort studies scoring 9 at the NOS score except for one
that scoring 8 (27). All case-control studies enrolled populations that were representative of general
population, and all assessed cases with a structured, validated measure, in both cases and controls.
Moreover, all of included case-control studies enrolled pairs of twins, thus minimizing the potential
for confounders. Similarly, all of cohort studies enrolled participants who were representative of
the general population, as they were all part of larger, historical cohort studies. All of studies
reported a standardized, multi-step procedure for the identification of cases, and all of them used

standardized, validate measures, except for 2 that used a consensus method based on clinical



information (23, 27). Moreover, all of included studies reported data adjusting for at least a set of

basic demographic data.

Five of included studies used the DSM criteria, with 2 case-control studies (19, 20) and 1
cohort study (25) classifying diagnoses according to the DSM IlI-R criteria, and 1 case-control (18)
and 1 cohort study (26) using the DSM IV criteria. As for ICD criteria, 1 cohort study used the ICD-7
criteria (22) 2 cohort studies used the ICD-10 criteria (10, 24), 1 cohort study used both ICD-9 and
ICD-10 criteria (21) and the remaining 2 studies used consensus criteria based on either clinical data

(23) or on medical records (27).

All of the included studies used different criteria to define and measure PA and/or physical
exercise, with definitions varying to include PA, physical exercise or leisure activities, and defining
categories according to frequency, intensity or MET cutoffs. Moreover, the time-reference of
exposure was also heterogeneous, with some studies considering specific age range of exposure,

and other reports dealing with more generic "adult age".

All of included case-control studies reported ORs along with their confidence intervals as a
measure of association. Two studies enrolled pairs of twins from the Swedish Twin Registry. The
first of these studies (18) gathered information on the amount of exercise practiced from age 25 to
age 50, categorizing the variable in a 4-point scale from “hardly any activity”[0] to “hard activity”
[3], with “hardly any” used as a reference category within the analyses. Results from the study
showed a significant protective effect in both the crude and the adjusted models of light, regular
and hard PA on the risk of dementia. However, when analyzing the risk of AD, the protective effect
resulted significant only for light and regular activity. The second of these studies (20) gathered
information on the frequency of participation in a set of 11 activities before the age of 40 years.
Results from the analyses reported a marginally significant effect in people participating in these
activities on the risk of any type of dementia (OR 0.63, 95%Cl 0.39-1.00, p<0.05) and AD (OR 0.54,
95%Cl 0.29-1.00, p<0.05). The third included case-control study (19) enrolled pairs of male twins
from the Duke Twins Study of Memory in Aging who were also members of the NAS-NRC Registry
of World War |l veterans. The study recorded the frequency of participation in physical exercise and
leisure activities after age 35, categorizing it as 1 (never) to 2 (sometimes) to 5 (every day). Results
were reported for the overall sample and according to type of twins (monozygotic and dizygotic),

and showed no significant effect of PA on the risk of dementia.



All of included cohort studies reported HRs and their confidence intervals as a measure of
association, except for 1 study that reported the OR of having dementia among physically active
groups vs no-PA group (26). One of the two studies with the youngest samples (24) enrolled
participants 220 years in the HUNT1 study and gathered information on frequency and intensity of
PA performed during a typical week to build a “moderate-to-vigorous PA” (MVPA) variable, using
“no MVPA” as a reference for the analyses. Results showed no significant association between
MVPA and the risk of dementia. The second (22) study included participants aged <30 years who
were part of the Harvard Alumni Health Study, a prospective cohort study of men who entered
Harvard University between 1916 and 1950, and gathered information on the amount and
frequency of physical exertion coding it as 25 hours of PA per week or <4 hours per week. Results

showed no significant association between PA and dementia (HR 0.93, 95%Cl 0.70-1.23, p=0.59).

Two studies included subjects in their 30s. The first study (10) enrolled participants in the
Whitehall 1l study aged 35-55 years and gathered information on the frequency and length of
engagement in mildly energetic, moderately energetic, and vigorous PA. Using as reference
categories <8 hours/week for total PA (designating the sum of all physical activity) and <5
hours/week for mild PA, analyses showed no association between physical activity and both mild
and moderate to vigorous intensity activity and risk of dementia over an average 27-year follow-up.
The second study (25) a community-based sample of Swedish women aged 38-60 years collected
information on leisure-time physical activity (LTPA) categorizing it in 4 levels: “almost inactive”,
“some physical activity 24 hours/week”, “regular exercise”, “regular training and competitive
sports”. Results were reported according for obesity status, with the category “non-obese active”
as a reference. They showed a significant increase in the risk of dementia for the category “obese
inactive” (HR 3.31, 95% Cls 1.43-7.66). Three studies included subjects in their 40s. The first study
(23) enrolled men aged 42-61 years who participated in the Finnish Kuopio Ischaemic Heart Disease
(KIHD) study and used the KIHD 12-month LTPA questionnaire to gather information on total leisure
and occupational PA, classifying it in tertiles, with the first tertile used as a reference for the
analyses. Results showed no significant protective effect of PA on the risk of dementia for both the
second and third tertile. The second study (21) included subjects with a mean age of 47.3 years who
participated in the Health Surveys for England and the Scottish Health Surveys. PA was classified,
according to frequency, as <5 weekly sessions of MVPA compared to =5 weekly sessions. Results
showed no significant protective effect of engaging in 25 weekly sessions of MVPA on the risk of

dementia (p=0.52). The third study (27) enrolled medical graduates from 1948-1964 participants in



the Johns Hopkins Precursors study and recorded information on the hours per day spent over a
typical week engaging in vigorous activities, moderate activities, or sedentary light activities and
sleeping. Results were reported for both full sample and stratified per age class. No significant effect
of regular exercise on the risk of dementia was found. The last included cohort studies (26) enrolled
participants with a mean age of 51 years who were part of the Age Gene/Environment Susceptibility-
Reykjavik Study and collected information on their participation in any sport or form of exercise
during their adult life. Based on the frequency of participation, PA was categorized as (a) no-PA, (b)
<5 hours of PA/week, (c) >5 hours of PA/week. Results were reported as the OR of having dementia
among PA groups vs no-PA group and showed a significant lower OR of dementia in those with <5
hours of PA/week (OR 0.59, 95%Cl 0.40-0.87) but no significant effect of >5 hours/week of PA on
the risk of dementia (OR 0.74, 95%Cl 0.34-1.62).

Discussion

Physical activity has been identified as potentially modifiable risk factors for dementia and
cognitive decline (4). Furthermore, the estimated population risk for dementia associated with

physical inactivity is probably greater than for other risk factors (28).

Based on evidence from both observational and experimental studies, the Alzheimer's
Association concludes that PA is associated with a decreased risk of cognitive impairment or with
an improved of cognitive function (29). However, the report underlines that evidence is still unclear
on the optimal length, type and intensity of the PA, and in what period of a person’s lifespan it
should be carried out as to maximize its potential protective effect. The difficulty in assessing these
aspects might be due to several issues related to the association between PA and cognitive

impairment or dementia.

One issue is the role of PA in the causal relationship with cognitive impairment.
Observational studies agree that PA is associated with lower short-term risk of dementia and higher
cognitive performance in older age (30, 31). Furthermore, it has been reported that PA can reduce
the progression from Mild Cognitive Impairment to dementia (32). However, these positive findings
could also be explained hypothesizing that in ageing people, physical inactivity is a consequence of
subclinical cognitive deterioration or of other pathologies associated with ageing such as
cardiovascular disease (CVD). It is well-known that PA is an established protective factor for CVD
and cardio-metabolic diseases (CMD), which are also risk factors for dementia. People with a higher

risk of CVD could be led to engage in PA at a certain point of their life, but some other could also



stop to engage in PA due to the onset of CVD or CMD. Moreover, some people might stop to
participate in PA due to the onset of the initial symptoms of cognitive decline such as behavioral
disorders. Therefore, measuring PA in a time span to close to the onset of the disease could be a

confounding factor.

Another point is the real influence that the risk factors have on cognition at a time of higher
biological vulnerability of the brain such as the time near the clinical onset of dementia. The
neuropathological changes underlying dementia put the brain in a “critical state” in which the risk
factors might have more weight. Trying to reduce the impact of all these issues, we planned this

review by only including studies that evaluated exposure to PA in early life and middle age.

Although the overall quality of the included studies is high, the results of this review are
conflicting. Only three studies (18, 20, 26) reported a significant effect of having engaged PA starting
before the age of 60 on the later risk of dementia. This could be due to a heterogeneity in the
measures of PA and to the difficulty of retrieving data on PA in very long cohorts. All the included
studies used different criteria to define and measure PA and/or physical exercise. Most of the
included studies measured the PA in a reductive way analyzing only physical exercises and/or some
leisure activities. Notably, the study that took into account the greatest number of physical, leisure
and social activities showed a reduction on the later risk of dementia (20). At this regard, we must
keep in mind that many risk factors overlap and PA is strongly linked to education in early life (33).
Finally, the time-reference of exposure was also heterogeneous, with studies considering an age of
exposure either in a specific age range or more generally in “adult age”. This also prevents direct
comparison and combining of evidence from different studies due to these large differences in the

measurement of the exposures (34).

To increase consistency of this review, we only included studies that had the diagnosis of
dementia as primary endpoint. We found that several clinical criteria were used for the diagnosis,
such as ICD and DSM criteria. This can significantly affect the number of subjects with dementia in
the included studies. The percentage of subjects with dementia rages from 3.1 percent with ICD-10
criteria to 29.1 percent when the DSM-III criteria are used (35). This is a further limitation when
comparing the results of the studies.

Two studies suggested an association between early-life PA and cognitive functioning later
in life (36, 37). These studies were not included in this review because did not consider the diagnosis

of dementia as an endpoint. One study reported that women who were physically inactive at various



points in their life, in particular at teenage, had a higher risk of cognitive impairment and poorer
cognitive performance in old age (36). Another study reported a positive association in men
between regular PA early in life and improved cognitive performance, in particular information
processing speed, at older age (37). These results support the hypothesis that people engaging in
PA from a younger age should have better cognitive performance later in life. Different mechanisms
can justify this hypothesis: upregulated hippocampal levels of brain-derived neurotrophic factor,
improved cerebral blood flow, decreased secretion of brain-toxic stress hormones such as cortisol,
reduced CVD and cerebrovascular disease, reduced other risk factors such as hypertension and

obesity (38, 39, 40).

In conclusion, although PA can affect positively the cognitive performance in every moment
of life, this review suggests that there is insufficient evidence to conclude whether PA in early life
may affect the incidence of dementia in later life. Studies in this field are very complicated and
recognizing the impact of PA in early life given all the confounding factors is very difficult.
Longitudinal investigations of the effect of early life PA on dementia risk in elderly people have many
limitations and produce inconsistent results. Therefore, further studies are warranted. In these
studies, it is crucial to define the type, quantity and intensity of PA as well as to stratify data analysis
by sex, culture and social class. Physical activity should be assessed using objective measurements

and differentiating PA at various age should be recommended.

From the public health perspective, however, while waiting for a disease-modifying agent
for dementia, non-pharmacological interventions, such as physical exercise, remain the only feasible
approach to preventing dementia and can have a considerable effect when taken together to other
health and wellbeing benefits. Physical and recreational activity is crucial to improve cognitive
performance and have very low costs, which can turn into a great benefit for public health and

wellbeing benefits for individuals.
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