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Abstract: Active travel may be an easily achievable form of physical activity for older people espe-

cially in low- and middle-income countries (LMICs), but there are currently no studies on how this 

form of physical activity is associated with a preclinical state of dementia known as mild cognitive 

impairment (MCI). Therefore, we aimed to investigate the association between active travel and 

MCI among adults aged ≥50 years from six LMICs. Cross-sectional, community-based data from 

the World Health Organization’s Study on Global Ageing and Adult Health were analyzed. The 

definition of MCI was based on the National Institute on Ageing-Alzheimer’s Association criteria. 

Active travel (minutes/week) was assessed with questions of the Global Physical Activity Question-

naire (GPAQ) and presented in tertiles. Multivariable logistic regression analysis was conducted to 

assess the association between active travel and MCI. Data on 32715 people aged ≥ 50 years (mean 

age 62.4 years; 52.1% females) were analyzed. Compared to the highest tertile of active travel, the 

lowest tertile was associated with 1.33 (95%CI = 1.14–1.54) times higher odds for MCI overall. This 

association was particularly pronounced among those aged ≥65 years (OR = 1.70; 95%CI = 1.32–2.19) 

but active travel was not associated with MCI among those aged 50–64 years. In conclusion, low 

levels of active travel were associated with a significantly higher odds of MCI in adults aged ≥65 
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years in LMICs. Promoting active travel among people of this age group in LMICs via tailored in-

terventions and/or country-wide infrastructure investment to provide a safe environment for active 

travel may lead to a reduction in MCI and subsequent dementia. 

Keywords: active travel; older adults; low- and middle-income countries; mild cognitive impair-

ment 

 

1. Introduction 

The World Health Organisation (WHO) defines dementia as a syndrome in which 

there is deterioration in cognitive function (i.e., the ability to process thought) beyond 

what might be expected from normal ageing, and this condition may present symptomat-

ically as memory loss, confusion, disorientation, difficulty speaking or understanding lan-

guage, and other symptoms [1]. Dementia is most prevalent among older adults with its 

prevalence estimated to be between 5% and 8% among those aged ≥60 years. In addition 

to the detrimental impact of dementia on an individual’s quality of life and wellbeing, the 

care and support of patients with dementia has wide-ranging consequences for families, 

health-care systems, and society as a whole [2]. Since there is no known cure for dementia, 

interventions to prevent or delay the emergence of this syndrome are essential. 

Mild cognitive impairment (MCI) is a preclinical state of dementia with a high con-

version rate to dementia (annual conversion rates ranging from 10% to 15% in clinical 

samples and 3.8% to 6.3% in community-based samples) [3–5], and is increasingly being 

recognized as an important “target” for the prevention of dementia. One potential corre-

late of MCI is that of physical activity. Indeed, not meeting physical activity recommen-

dations is considered one of the seven main potentially modifiable risk factors for Alz-

heimer’s Disease (a predominant form of dementia) and explains approximately 13% 

(nearly 4.3 million) of Alzheimer’s Disease cases worldwide [6]. Furthermore, an evolving 

body of literature documents significant benefits of long-term, regular physical activity 

on cognition while it also reduces dementia risk in people with MCI [7–13]. 

However, to the best of our knowledge, there are no studies examining the relation-

ship between active travel (i.e., walking and cycling to and/or from a destination) and 

MCI. Active travel is often performed at a moderate intensity [14] and thus, it is possible 

that this is an ideal way to ensure physical activity in older adults. Indeed, transport is a 

necessity of everyday life, whereas leisure physical activity is possibly an additional bur-

den and is difficult to sustain long term. Therefore, encouraging active travel is a feasible 

approach to increasing levels of moderate physical activity in older adults [15]. 

Given this, the aim of the present study was to investigate the association between 

active travel and MCI in a sample of 32,715 people aged ≥50 years from six low- and mid-

dle-income countries (LMICs). Focusing on LMICs is important as the majority (approxi-

mately 60%) of those with dementia reside in this setting [1], while the individual, eco-

nomic, and societal burden of dementia is increasing particularly rapidly in LMICs. Fur-

thermore, levels of physical inactivity [16] are high in these countries, while active travel 

has been reported to be a common form of physical activity especially among older adults 

in low-and middle-income settings [15]. 

2. Methods 

2.1. The Survey 

Data from the Global Ageing and Adult Health Survey (SAGE) were analyzed. These 

data are publicly available through http://www.who.int/healthinfo/sage/en/ (accessed on 

18 February 2021). This survey was undertaken in China, Ghana, India, Mexico, Russia, 

and South Africa between 2007 and 2010. These countries broadly represent different ge-

ographical locations and levels of socio-economic and demographic transition. Based on 
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the World Bank classification at the time of the survey, Ghana was the only low-income 

country, and China and India were lower middle-income countries although China be-

came an upper middle-income country in 2010. The remaining countries were upper mid-

dle-income countries. 

Details of the survey methodology have been published elsewhere [17]. In brief, in 

order to obtain nationally representative samples, a multistage clustered sampling design 

method was used. The sample consisted of adults aged ≥18 years with oversampling of 

those aged ≥50 years. Trained interviewers conducted face-to-face interviews using a 

standard questionnaire. Standard translation procedures were undertaken to ensure com-

parability between countries. If a respondent was unable to undertake the interview be-

cause of limited cognitive function, then a separate questionnaire was administered to a 

proxy respondent (e.g., care giver). These individuals were not included in the current 

study. The survey response rates were: China 93%; Ghana 81%; India 68%; Mexico 53%; 

Russia 83%; and South Africa 75%. Sampling weights were constructed to adjust for the 

population structure as reported by the United Nations Statistical Division. Ethical ap-

proval was obtained from the World Health Organization Ethical Review Committee and 

local ethics research review boards. Written informed consent was obtained from all par-

ticipants. 

2.2. Active Travel 

Active transport was assessed with questions of the Global Physical Activity Ques-

tionnaire (GPAQ) [18]. Participants were asked about the usual way to travel to and from 

places (e.g., getting to work, to shopping, to the market, to place of worship etc). The an-

swers for two questions were used to calculate the minutes spent in active travel per week: 

(a) In a typical week, on how many days do you walk or bicycle for at least 10 min contin-

uously to get to and from places?; (b) How much time would you spend walking or bicy-

cling for travel on a typical day? Minutes spent in active travel per week was categorized 

as low (0–40 min/week), moderate (42–210 min/week), and high (≥ 217 min/week) based 

on tertiles [15,19]. 

2.3. Mild Cognitive Impairment 

MCI was ascertained based on the recommendations of the National Institute on Ag-

ing-Alzheimer’s Association [20]. We applied the identical algorithms used in previous 

SAGE publications to identify MCI [21,22]. Briefly, individuals fulfilling all of the follow-

ing conditions were considered to have MCI: 

(a) Concern about a change in cognition: Individuals who replied ‘bad’ or ‘very bad’ 

to the question “How would you best describe your memory at present?” and/or those 

who answered ‘worse’ to the question “Compared to 12 months ago, would you say your 

memory is now better, the same or worse than it was then?” were considered to have this 

condition. 

(b) Objective evidence of impairment in one or more cognitive domains: was based 

on a <−1 SD cut-off after adjustment for level of education and age. Cognitive function 

was assessed through the following performance tests: word list immediate and delayed 

verbal recall from the Consortium to Establish a Registry for Alzheimer’s Disease [23], 

which assessed learning and episodic memory; digit span forward and backwards from 

the Weschler Adult Intelligence Scale [24], that evaluated attention and working memory; 

and the animal naming task [23], which assessed verbal fluency. 

(c) Preservation of independence in functional abilities: was assessed by questions on 

self-reported difficulties with basic activities of daily living (ADL) in the past 30 days [25]. 

Specific questions were: “How much difficulty did you have in getting dressed?” and 

“How much difficulty did you have with eating (including cutting up your food)?” The 

answer options were none, mild, moderate, severe, and extreme (cannot do). Those who 

answered either none, mild, or moderate to both of these questions were considered to 
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have preservation of independence in functional activities. All other individuals were de-

leted from the analysis (935 individuals aged ≥50 years). 

(d) No dementia: Individuals with a level of cognitive impairment severe enough to 

preclude the possibility to undertake the survey were not included in the current study. 

2.4. Control Variables 

The control variables were selected based on past literature and included age, sex, 

wealth quintiles based on income, years of education received, setting (rural or urban), 

alcohol consumption in the past 30 days, smoking (never, current, past), sleep problems, 

anxiety, depression, chronic physical conditions (i.e., diabetes, hypertension, stroke), obe-

sity (body mass index ≥30 kg/m2 based on measured weight and height), and other phys-

ical activity (work and leisure) [26,27]. Those having severe or extreme problems with 

sleeping in the past 30 days, such as falling asleep, waking up frequently during the night 

or waking up too early in the morning, were considered to have sleep problems [28]. Anx-

iety was defined as having severe or extreme problems with worry or anxiety in the last 

30 days [29]. Questions based on the World Mental Health Survey version of the Compo-

site International Diagnostic Interview [30] were used for the endorsement of past 12-

month DSM-IV depression [31]. Diabetes and stroke were based solely on lifetime self-

reported diagnosis. Hypertension was defined as having at least one of: systolic blood 

pressure ≥140 mmHg; diastolic blood pressure ≥90 mmHg; or self-reported diagnosis. 

Other physical activity referred to minutes spent per week in moderate-to-vigorous phys-

ical activity in relation to work and leisure activities but not active travel. In line with a 

previous publication using the same dataset, work and leisure physical activity were di-

chotomized as ≥150 or <150 min/week [19]. 

2.5. Statistical Analysis 

All analyses were done with Stata statistical software version 14.2 (Stata Corp LP, 

College Station, TX, USA). The analysis was restricted to those aged ≥50 years. Middle-

aged people were also included in this analysis as cognitive dysfunction can emerge up 

to 10 years before a dementia diagnosis [32], and there is increasing evidence that inter-

vening in mid-life is important [33–36]. Multivariable logistic regression analyses were 

used to estimate the association between levels of active travel in tertiles (exposure) and 

MCI (outcome). Analyses using the overall sample and age-stratified samples (i.e., 50–64, 

≥65 years) were conducted. We also conducted country-wise analysis to assess whether 

there is between-country heterogeneity in the association between active travel and MCI. 

This analysis was restricted to those aged ≥65 years and used a dichotomous active travel 

variable (i.e., low vs. moderate/high) as preliminary analysis showed that the association 

between active travel was particularly pronounced in this age group while there were no 

significant differences between moderate and high levels of active travel. Furthermore, 

we calculated the Higgins’s I2 based on estimates from each country. The Higgins’s I2 rep-

resents the degree of heterogeneity that is not explained by sampling error with a value 

of <40% often considered as negligible and 40–60% as moderate heterogeneity [37]. A 

pooled estimate was obtained by random-effect meta-analysis. 

All regression analyses were adjusted for age, sex, wealth, education, setting, alcohol 

consumption, smoking, sleep problems, anxiety, depression, diabetes, hypertension, 

stroke, obesity, work physical activity, leisure physical activity, and country with the ex-

ception of the country-wise analysis which did not adjust for country. Adjustment for 

country was conducted by including dummy variables for each country as in previous 

SAGE publications [38,39]. All variables were included in the models as categorical vari-

ables with the exception of age and education (continuous variables). The sample 

weighting and the complex study design were taken into account in all analyses with Tay-

lor linearization methods to obtain nationally representative estimates. Results from the 

logistic regression models are presented as odds ratios (ORs) with 95% confidence inter-

vals (95%CIs). The level of statistical significance was set at p < 0.05. 
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3. Results 

The final sample consisted of a total of 32,715 people aged ≥50 years with preser-

vation in functional abilities (China n = 12,815; Ghana n = 4201; India n = 6191; Mexico 

n = 2070; Russia n = 3766; South Africa n = 3672). The sample characteristics are shown 

in Table 1. The mean age of the sample was 62.4 years and 52.1% were females. The prev-

alence of MCI was 14.8% overall. The prevalence of <−1 SD for each cognitive performance 

test and severity of activities of daily living for the overall sample and for those with MCI 

are shown in Table S1 and Table S2, respectively (Supplementary Materials). The median 

(IQR) of active travel per week was 140 (0–360) min per week. The prevalence of MCI 

decreased with increasing levels of active travel (Figure 1). For example, overall, the prev-

alence of MCI was 19.8% among those with low levels of active travel but this decreased 

to 12.5% among people with high levels of active travel. After adjustment for potential 

confounders, compared to high levels of active travel, low levels were associated with 1.33 

(95%CI = 1.14-1.54) times higher odds for MCI overall (Table 2). The results of the full regres-

sion with all covariates are shown in Table S3 (Supplementary Materials) This association was 

particularly pronounced among those aged ≥65 years (OR = 1.70; 95%CI = 1.32–2.19) but active 

travel was not associated with MCI among those aged 50–64 years. Country-wise associa-

tions between low levels of active travel (vs. moderate or high) among those aged ≥65 

years are shown in Figure 2. Low active travel was positively associated with MCI (i.e., 

OR > 1) in all countries with the exception of South Africa. The overall estimate was OR = 

1.35 (95%CI = 1.06–1.73). A moderate level of between-country heterogeneity was ob-

served (I2 = 44.5%). 

Table 1. Sample characteristics (overall and by age groups). 

   Age 

Characteristic  
Overall 50–64 years ≥65 years 

(n = 32,715) (n = 19,092) (n = 13,623) 

Mild cognitive impairment No 85.2 86.7 82.6 

 Yes 14.8 13.3 17.4 

Active travel High 31.5 35.2 25.4 

 Moderate 35.1 36.3 33.0 

 Low 33.4 28.5 41.6 

Age (years)  62.4 (0.2) 56.3 (0.1) 72.6 (0.1) 

Sex Male 47.9 49.7 45.0 

 Female 52.1 50.3 55.0 

Wealth Poorest 17.1 14.4 21.7 

 Poorer 19.0 17.7 21.0 

 Middle 19.5 19.0 20.4 

 Richer 21.3 23.6 17.5 

 Richest 23.1 25.3 19.4 

Education (years)  6.0 (0.2) 6.5 (0.2) 5.2 (0.2) 

Setting Rural 53.8 56.6 49.4 
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 Urban 46.2 43.4 50.6 

Alcohol consumption No 81.3 78.4 86.1 

 Yes 18.7 21.6 13.9 

Smoking Never 58.6 56.3 62.2 

 Current 34.9 38.3 29.3 

 Past 6.6 5.4 8.5 

Sleep problems No 91.3 93.4 87.8 

 Yes 8.7 6.6 12.2 

Anxiety No 91.9 92.9 90.3 

 Yes 8.1 7.1 9.7 

Depression No 94.0 94.2 93.5 

 Yes 6.0 5.8 6.5 

Diabetes No 93.2 94.2 91.4 

 Yes 6.8 5.8 8.6 

Hypertension No 45.0 50.0 36.6 

 Yes 55.0 50.0 63.4 

Stroke No 97.0 97.9 95.4 

 Yes 3.0 2.1 4.6 

Obesity No 88.5 87.9 89.6 

 Yes 11.5 12.1 10.4 

Work physical activity ≤150 min/week 40.2 33.0 52.7 

 >150 min/week 59.8 67.0 47.3 

Leisure physical activity ≤150 min/week 89.8 89.2 90.7 

 >150 min/week 10.2 10.8 9.3 

Data are % or mean (standard error). 
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Table 2. Association between active travel and mild cognitive impairment (outcome) estimated by multivariable logistic 

regression. 

  Overall Age 50–64 years Age ≥65 years 

  OR 95%CI OR 95%CI OR 95%CI 

Active travel High 1.00  1.00  1.00  

 Moderate 0.97 (0.84,1.13) 0.95 (0.79,1.14) 1.04 (0.82,1.31) 

 Low 1.33 * (1.14,1.54) 1.07 (0.89,1.30) 1.70 * (1.32,2.19) 

Abbreviation: OR Odds ratio; CI Confidence interval. Models are adjusted for age, sex, wealth, education, setting, alcohol 

consumption, smoking, sleep problems, anxiety, depression, diabetes, hypertension, stroke, obesity, work physical activ-

ity, leisure physical activity, and country. * p < 0.001. 

 

Figure 1. Prevalence of mild cognitive impairment by levels of active travel. 
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Figure 2. Country-wise association between low active travel (vs. moderate or high active travel) 

among adults aged ≥65 years estimated by multivariable logistic regression. Abbreviation: OR 

Odds ratio; CI Confidence interval. Models are adjusted for age, sex, wealth, education, setting, 

alcohol consumption, smoking, sleep problems, anxiety, depression, diabetes, hypertension, 

stroke, obesity, work physical activity, and leisure physical activity. Overall estimate was obtained 

by meta-analysis with random effects. 

4. Discussion 

4.1. Main Findings 

In this large sample of older adults from six LMICs, we found that compared to high 

levels of active travel, low levels were associated with 1.33 times higher odds for MCI. The 

association was strong in those aged ≥65 years but non-significant among middle-aged 

adults (50–64 years). Country-wise analysis showed that the association observed has a 

moderate level of between-country heterogeneity. To the best of our knowledge, this is 

the first study on active travel and MCI in LMICs. 

4.2. Interpretation of the Findings 

The results of our study are in line with those of previous studies which have found 

associations between physical activity and various forms of cognitive impairment includ-

ing dementia [7–13]. There are several plausible pathways that may explain the associa-

tion between active travel and MCI. First, participation in physical activity may increase 

or maintain cognitive reserve, through increased brain perfusion [9]. Second, participation 

in physical activity via active travel aids in the prevention of non-communicable diseases 

(e.g., cardiovascular disease and cancer) [40] and certain non-communicable diseases such 

as cardiovascular disease are associated with cognitive impairment [41]. Finally, active 

travel requires way-finding and potential reliance on cognitive maps using such cognitive 

resources may offer some protection against cognitive decline and MCI [42]. 

It should be noted that in the present study, active travel was associated with MCI in 

those aged ≥65 years but not those aged 50–64 years (middle-aged). Previous studies have 

also found that the correlates of MCI differ between the middle-aged and older population 

[27]. One reason for this discrepancy in findings may be that those aged between 50 and 

64 years are at limited risk of MCI in comparison to those aged ≥65 years [43], while they 

are also less likely to have chronic conditions, and thus, it is possible that the beneficial 

impact of active travel does not emerge until one reaches the age in which the risk of MCI 

is high. However, clearly more future research is needed to understand the reason for the 

age-difference. 
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4.3. Public Health and Policy Implications 

Findings from the present study suggest that active travel interventions targeted at 

those aged ≥65 years in LMICs may aid in the prevention of MCI and ultimately dementia. 

Older adults can be encouraged to partake in active travel by interventions tailored to 

their needs, targeted at the most inactive or at those most motivated to change, and deliv-

ered either at the level of the individual or household or through group-based approaches 

[44]. Moreover, at the country-wide level, active travel may be encouraged in older adults 

through the provision of safe places to actively travel such as well-maintained footpaths 

and cycle lanes. This is a crucial issue especially in rural settings where the distances be-

tween villages are challenging and the pathways are impracticable especially during the 

rainy season [44]. 

4.4. Strengths and Limitations 

The large representative sample of older adults from six LMICs is a clear strength of 

the present study. Furthermore, standardized methods to assess MCI was used across all 

countries. However, findings must be interpreted in light of the study’s limitations. First, 

amount of active travel and some control variables were self-reported potentially intro-

ducing self-report and recall bias into the analyses. For example, older adults with MCI 

may be less likely to accurately recall their active travel. Second, analyses were cross-sec-

tional in design and it is not known whether low levels of active travel precede MCI or 

whether MCI precedes low levels of active travel. Since people with MCI may be more 

likely to fall, walk unstably, and get lost, this might have made active travel less possible 

in these individuals. Third, the control variable “anxiety” was defined as having self-re-

ported severe or extreme problems with worry or anxiety in the last 30 days. The present 

analysis was thus not able to control for specific types of anxiety (e.g., general anxiety 

disorder). Fourth, there are currently no standard definitions for MCI especially in popu-

lation-based studies. We have used a definition used in previous SAGE studies which was 

based on the National Institute on Aging-Alzheimer’s Association. However, it is possible 

for the results to have differed if a different definition was used. Relatedly, there is cur-

rently no consensus in terms of the acceptable level of functional impairment that indi-

viduals with MCI should present [45]. The definition of preservation of independence in 

functional abilities used in our study was rather conservative. This was done to avoid the 

omission of MCI cases with disability not related to their cognitive ability. Finally, because 

the study was not designed to generate clinical diagnoses of dementia, some individuals 

with mild dementia may have been included in our analytical sample. These individuals 

may have been classified as MCI and presented with apathy and social withdrawal which 

are frequent in some dementia subtypes. This in turn could have affected the level of phys-

ical activity. 

5. Conclusions 

In this large representative sample of older adults from six LMICs, it was found that 

low levels of active travel were associated with a significantly higher odds of MCI in those 

aged ≥65 years. Future research of a longitudinal nature is now required to determine the 

direction of the association. If confirmed with longitudinal studies, our study results sug-

gest that promotion of active travel among those aged ≥65 years in LMICs via tailored 

interventions and/or country-wide infrastructure investment to provide a safe environ-

ment for active travel may reduce the risk for future MCI/dementia onset. 

Supplementary Materials: The following are available online at www.mdpi.com/2077-

0383/10/6/1243/s1, Table S1: Prevalence of <-1 SD after adjustment for level of education and age for 

each cognitive performance test (overall and among those with mild cognitive impairment), Table 

S2: Prevalence of severity of difficulties with activities of daily living (overall and among those with 

mild cognitive impairment), Table S3: Association between active travel or covariates and mild cog-

nitive impairment (outcome) estimated by multivariable logistic regression. 



J. Clin. Med. 2021, 10, 1243 10 of 12 
 

 

Author Contributions: Writing—original draft, L.S., N.V., G.F.L.-S., L.Y., D.P., L.T.B., Y.B., M.F.-N., 

L.J., J.I.S., M.A.T., T.G., H.O., A.K.; Writing—review and editing, L.S., N.V., G.F.L.-S., L.Y., D.P., 

L.T.B., Y.B., M.F.-N., L.J., J.I.S., M.A.T., T.G., H.O., A.K. All authors have read and agreed to the 

published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted according to the guidelines of the 

Declaration of Helsinki, and approved by the World Health Organization Ethical Review Commit-

tee and local ethics research review boards. 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 

study. 

Data Availability Statement: The data that support the findings of this study are available via 

https://www.who.int/healthinfo/sage/en/ (accessed on 18 February 2021). 

Acknowledgments: This paper uses data from WHO’s Study on Global Ageing and Adult Health 

(SAGE). SAGE is supported by the U.S. National Institute on Aging through Interagency Agree-

ments OGHA 04034785, YA1323–08-CN-0020, Y1-AG-1005–01 and through research grants R01-

AG034479 and R21-AG034263. 

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

References 

1. World Health Organization Dementia. Available online: https://www.who.int/news-room/fact-sheets/detail/dementia 

(accessed on 5 March 2021). 

2. Nichols, E.; Szoeke, C.E.; Vollset, S.E.; Abbasi, N.; Abd-Allah, F.; Abdela, J.; Aichour, M.T.E.; Akinyemi, R.O.; Alahdab, F.; 

Asgedom, S.W. Global, regional, and national burden of Alzheimer's disease and other dementias, 1990–2016: A systematic 

analysis for the Global Burden of Disease Study 2016. Lancet Neurol. 2019, 18, 88–106. 

3. Bohlken, J.; Jacob, L.; Kostev, K. Progression of mild cognitive impairment to dementia in German specialist practices. Dementia 

2016, 18, 380–390. 

4. Farias, S.T.; Mungas, D.; Reed, B.R.; Harvey, D.; DeCarli, C. Progression of Mild Cognitive Impairment to Dementia in Clinic- 

vs Community-Based Cohorts. Arch. Neurol. 2009, 66, 1151–1157. 

5. Morris, J.C. Mild cognitive impairment and preclinical Alzheimer's disease. Geriatrics 2005, Suppl., 9–14. 

6. Barnes, D.E.; Yaffe, K. The projected effect of risk factor reduction on Alzheimer's disease prevalence. Lancet Neurol. 2011, 10, 

819–828. 

7. Ahlskog, J.E.; Geda, Y.E.; Graff-Radford, N.R.; Petersen, R.C. In Physical Exercise as a Preventive or Disease-Modifying Treatment of 

Dementia and Brain Aging; Mayo clinic proceedings; Elsevier: Amsterdam, The Netherlands, 2011; Volume 86, pp. 876–884. 

8. Corbi, G.; Conti, V.; Filippelli, A.; Di Costanzo, A.; Ferrara, N. The Role Of Physical Activity On The Prevention Of Cognitive 

Impairment. Transl. Med. UniSa 2016, 13, 42–46. 

9. Blondell, S.J.; Hammersley-Mather, R.; Veerman, J.L. Does physical activity prevent cognitive decline and dementia?: A 

systematic review and meta-analysis of longitudinal studies. BMC Public Health 2014, 14, 1–12. 

10. Cammisuli, D.M.; Innocenti, A.; Franzoni, F. Aerobic exercise effects upon cognition in Mild Cognitive Impairment: A 

systematic review of randomized controlled trials. Arch. Ital. Biol. 2017, 155, 54–62. 

11. Gallaway, P.J.; Miyake, H.; Buchowski, M.S.; Shimada, M.; Yoshitake, Y.; Kim, A.S.; Hongu, N. Physical activity: A viable way 

to reduce the risks of mild cognitive impairment, Alzheimer’s disease, and vascular dementia in older adults. Brain Sci. 2017, 7, 

22. 

12. Lautenschlager, N.T.; Cox, K.; Kurz, A.F. Physical activity and mild cognitive impairment and Alzheimer’s disease. Curr. Neurol. 

Neurosci. Rep. 2010, 10, 352–358. 

13. Sofi, F.; Valecchi, D.; Bacci, D.; Abbate, R.; Gensini, G.F.; Casini, A.; Macchi, C. Physical activity and risk of cognitive decline: A 

meta-analysis of prospective studies. J. Intern. Med. 2011, 269, 107–117. 

14. The Centre for Diet and Activity Research Evidence Brief 4: Walking & Cycling for Transport. Available online: 

https://www.cedar.iph.cam.ac.uk/resources/evidence/eb-why-active-travel-web/ (accessed on 5 March 2021). 

15. Vancampfort, D.; Smith, L.; Stubbs, B.; Swinnen, N.; Firth, J.; Schuch, F.B.; Koyanagi, A. Associations between active travel and 

physical multi-morbidity in six low-and middle-income countries among community-dwelling older adults: A cross-sectional 

study. PLoS ONE 2018, 13, e0203277. 

16. World Health Organization Physical Activity. Available online: https://www.who.int/news-room/fact-sheets/detail/physical-

activity (accessed on 5 March 2021). 

17. Kowal, P.; Chatterji, S.; Naidoo, N.; Biritwum, R.; Fan, W.; Lopez Ridaura, R.; Maximova, T.; Arokiasamy, P.; Phaswana-Mafuya, 

N.; Williams, S. Data resource profile: The World Health Organization Study on global AGEing and adult health (SAGE). Int. J. 

Epidemiol. 2012, 41, 1639–1649. 



J. Clin. Med. 2021, 10, 1243 11 of 12 
 

 

18. Bull, F.C.; Maslin, T.S.; Armstrong, T. Global physical activity questionnaire (GPAQ): Nine country reliability and validity study. 

J. Phys. Act. Health 2009, 6, 790–804. 

19. Laverty, A.A.; Palladino, R.; Lee, J.T.; Millett, C. Associations between active travel and weight, blood pressure and diabetes in 

six middle income countries: A cross-sectional study in older adults. Int. J. Behav. Nutr. Phys. Act. 2015, 12, 1–11. 

20. Albert, M.S.; DeKosky, S.T.; Dickson, D.; Dubois, B.; Feldman, H.H.; Fox, N.C.; Gamst, A.; Holtzman, D.M.; Jagust, W.J.; Petersen, 

R.C. The diagnosis of mild cognitive impairment due to Alzheimer's disease: Recommendations from the National Institute on 

Aging-Alzheimer's Association workgroups on diagnostic guidelines for Alzheimer's disease. Alzheimer Dement. 2011, 7, 270–

279. 

21. Koyanagi, A.; Lara, E.; Stubbs, B.; Carvalho, A.F.; Oh, H.; Stickley, A.; Veronese, N.; Vancampfort, D. Chronic physical 

conditions, multimorbidity, and mild cognitive impairment in low-and middle-income countries. J. Am. Geriatr. Soc. 2018, 66, 

721–727. 

22. Koyanagi, A.; Oh, H.; Vancampfort, D.; Carvalho, A.F.; Veronese, N.; Stubbs, B.; Lara, E. Perceived stress and mild cognitive 

impairment among 32,715 community-dwelling older adults across six low-and middle-income countries. Gerontology 2019, 65, 

155–163. 

23. Morris, J.C.; Heyman, A.; Mohs, R.C.; Hughes, J.P.; van Belle, G.; Fillenbaum, G.; Mellits, E.D.; Clark, C. The consortium to 

establish a registry for Alzheimer's disease (CERAD): I. Clinical and neuropsychological assessment of Alzheimer's disease. 

Neurology 1989, 39(9),1159-1165 .   

24. Wechsler, D. Wechsler Adult Intelligence Scale--; The Psychological Corporation: New York, NY, USA, 1955. 

25. Katz, S.; Ford, A.B.; Moskowitz, R.W.; Jackson, B.A.; Jaffe, M.W. Studies of illness in the aged: The index of ADL: A standardized 

measure of biological and psychosocial function. JAMA 1963, 185, 914–919. 

26. Vancampfort, D.; Stubbs, B.; Lara, E.; Vandenbulcke, M.; Swinnen, N.; Koyanagi, A. Mild cognitive impairment and physical 

activity in the general population: Findings from six low-and middle-income countries. Exp. Gerontol. 2017, 100, 100–105. 

27. Lara, E.; Koyanagi, A.; Olaya, B.; Lobo, A.; Miret, M.; Tyrovolas, S.; Ayuso-Mateos, J.L.; Haro, J.M. Mild cognitive impairment 

in a Spanish representative sample: Prevalence and associated factors. Int. J. Geriatr. Psychiatry 2016, 31, 858–867. 

28. Koyanagi, A.; Stickley, A. The association between sleep problems and psychotic symptoms in the general population: A global 

perspective. Sleep 2015, 38, 1875–1885. 

29. Stubbs, B.; Koyanagi, A.; Hallgren, M.; Firth, J.; Richards, J.; Schuch, F.; Rosenbaum, S.; Mugisha, J.; Veronese, N.; Lahti, J. 

Physical activity and anxiety: A perspective from the World Health Survey. J. Affect. Disord. 2017, 208, 545–552. 

30. Kessler, R.C.; Üstün, T.B. The world mental health (WMH) survey initiative version of the world health organization (WHO) 

composite international diagnostic interview (CIDI). Int. J. Methods Psychiatr. Res. 2004, 13, 93–121. 

31. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders (DSM-5®); American Psychiatric Pub: 

Washington D. C., USA, 2013. 

32. Amieva, H.; Jacqmin-Gadda, H.; Orgogozo, J.; Le Carret, N.; Helmer, C.; Letenneur, L.; Barberger-Gateau, P.; Fabrigoule, C.; 

Dartigues, J. The 9 year cognitive decline before dementia of the Alzheimer type: A prospective population-based study. Brain 

2005, 128, 1093–1101. 

33. Prince, M.; Comas-Herrera, A.; Knapp, M.; Guerchet, M.; Karagiannidou, M. World Alzheimer Report 2016: Improving Healthcare 

for People Living with Dementia: Coverage, Quality and Costs Now and in the Future; Alzheimer’s Disease International (ADI): 

London, UK, 2016. 

34. Kivipelto, M.; Ngandu, T.; Laatikainen, T.; Winblad, B.; Soininen, H.; Tuomilehto, J. Risk score for the prediction of dementia 

risk in 20 years among middle aged people: A longitudinal, population-based study. Lancet Neurol. 2006, 5, 735–741. 

35. Gottesman, R.F.; Albert, M.S.; Alonso, A.; Coker, L.H.; Coresh, J.; Davis, S.M.; Deal, J.A.; McKhann, G.M.; Mosley, T.H.; Sharrett, 

A.R. Associations between midlife vascular risk factors and 25-year incident dementia in the Atherosclerosis Risk in 

Communities (ARIC) cohort. JAMA Neurol. 2017, 74, 1246–1254. 

36. Johansson, L.; Guo, X.; Waern, M.; Östling, S.; Gustafson, D.; Bengtsson, C.; Skoog, I. Midlife psychological stress and risk of 

dementia: A 35-year longitudinal population study. Brain 2010, 133, 2217–2224. 

37. Higgins, J.P.; Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539–1558. 

38. Stubbs, B.; Vancampfort, D.; Veronese, N.; Schofield, P.; Lin, P.; Tseng, P.; Solmi, M.; Thompson, T.; Carvalho, A.F.; Koyanagi, 

A. Multimorbidity and perceived stress: A population-based cross-sectional study among older adults across six low-and 

middle-income countries. Maturitas 2018, 107, 84–91. 

39. Stubbs, B.; Vancampfort, D.; Firth, J.; Schuch, F.B.; Hallgren, M.; Smith, L.; Gardner, B.; Kahl, K.G.; Veronese, N.; Solmi, M. 

Relationship between sedentary behavior and depression: A mediation analysis of influential factors across the lifespan among 

42,469 people in low-and middle-income countries. J. Affect. Disord. 2018, 229, 231–238. 

40. Celis-Morales, C.A.; Lyall, D.M.; Welsh, P.; Anderson, J.; Steell, L.; Guo, Y.; Maldonado, R.; Mackay, D.F.; Pell, J.P.; Sattar, N. 

Association between active commuting and incident cardiovascular disease, cancer, and mortality: Prospective cohort study. 

BMJ 2017, 357, j1456. 

41. Lowenstern, A.; Wang, T.Y. Rethinking Cognitive Impairment in the Management of Older Patients with Cardiovascular 

Disease. J Am Heart Assoc 2019, 8(4), e011968. 

42. Bosch, S.J.; Gharaveis, A. Flying solo: A review of the literature on wayfinding for older adults experiencing visual or cognitive 

decline. Appl. Ergon. 2017, 58, 327–333. 



J. Clin. Med. 2021, 10, 1243 12 of 12 
 

 

43. Kremen, W.S.; Jak, A.J.; Panizzon, M.S.; Spoon, K.M.; Franz, C.E.; Thompson, W.K.; Jacobson, K.C.; Vasilopoulos, T.; Vuoksimaa, 

E.; Xian, H. Early identification and heritability of mild cognitive impairment. Int. J. Epidemiol. 2014, 43, 600–610. 

44. Petrokofsky, C.; Davis, A. Working Together to Promote Active Travel. A Briefing Document for Local Authorities. Public Health 

England, Editor: London, UK, 2016. 

45. Lindbergh, C.A.; Dishman, R.K.; Miller, L.S. Functional disability in mild cognitive impairment: A systematic review and meta-

analysis. Neuropsychol. Rev. 2016, 26, 129–159. 


