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Abstract

INTRODUCTION—The associations between self-reported current and past leisure time physical 

activity (LTPA) and Alzheimer’s disease (AD) incidence were determined using data from the 

multi-ethnic Washington/Hamilton Heights-Inwood Columbia Aging Project (WHICAP) study.

METHODS—The metabolic equivalent (MET) of LTPA energy expenditure was calculated for 

self-reported current and past LTPA for 1345 older adults. A COX proportional hazard model was 

conducted to estimate the association between LTPA (low, middle, and high) and incident AD risk.

RESULTS—Comparing high to low level, current and past LTPA were both associated with 

reduced AD risk, with HR(95%CI)=0.39 (0.20–0.75) and 0.37 (0.18–0.75), respectively. 

Compared with ‘always low’, ‘increased’ and ‘always high’ LTPA throughout life were associated 

with reduced AD risk, with HR(95%CI)= 0.60 (0.36–0.99) and 0.28 (0.08–0.94), respectively. 

Light and moderate intensity LTPA were associated with lower AD risk.

DISCUSSION—LTPA both throughout life and later in life are associated with lower risk of AD.
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1. Introduction

Currently, there are more than 47 million individuals who are affected by dementia 

worldwide.[1] By 2050, this number is expected to reach 131.5 million.[1] Alzheimer’s 

disease (AD) is the most common type of dementia, and there are no effective forms of 

treatment available for AD today. Therefore, it is vital that forms of prevention is found, 

especially by focusing on modifiable factors such as leisure time physical activity (LTPA).

Several longitudinal studies have found that regular LTPA is associated with reduced risk of 

dementia or AD[2–25], but others did not find a significant association between the two[26–

32]. This inconsistency may be due to discrepancies in population characteristics, sample 

size, LTPA assessment, and dementia diagnosis. For example, the mean age of the 

population in the study by Broe et al was 83.4 years[26], and the results might be subject to 

survival bias. Some studies used weekly frequencies[21, 23, 28] or hours [22] of LTPA, 

rather than using recommended total metabolic equivalents (METs) to measure energy cost 

of LTPA [4, 6, 9, 10, 15, 24, 27, 33]. In addition, some past studies were limited in their 

short follow up time, and lack of diversity within participants. Some research suggests that 

LTPA from earlier life may influence dementia risk and cognition later in life.[20–25] 

However, the effect of LTPA during teenage or early adult life on dementia risk have never 

been studied, and few have included LTPA measures from throughout life[24, 25]. It remains 

unclear whether LTPA at different life stages are associated with AD risk. Consequently, 

change of LTPA status has also been rarely examined. Furthermore, it is unclear whether 

intensity of LTPA also matters in terms of protection against AD.

Previous research in the earlier recruitment cohorts of the Washington/Hamilton Heights-

Inwood Columbia Aging Project (WHICAP) has shown that participating more in LTPA was 

associated with lower AD risk. [6] In the current study, we aimed to replicate the previous 

findings on current LTPA and expand the investigation to past LTPA in the newest, 

independent recruitment cohort of WHICAP that began in 2009.

2. Methods

2.1 Participants and Setting

WHICAP is a longitudinal study on aging and dementia of racially and socioeconomically 

diverse residents of the surrounding community in northern Manhattan. Community 

residents who were age 65 or older, fluent in English or Spanish, had no report of a dementia 

diagnosis or serious memory complaints were recruited primarily through a Medicare 

beneficiary list, supplemented by market mailing and community center visiting. To date, 

there have been three waves of enrollment (1992, 1999 and 2009). Participants are seen 

every 18–24 months. Only the 2009 cohort was included in this study as collection of self-

reported past LTPA began with the 2009 cohort. Recruitment, written informed consent, and 

study procedures were approved by the institutional review boards of Columbia Presbyterian 

Medical Center, Columbia University Health Sciences, and the New York State Psychiatric 

Institute, and all participants provided consent.
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Among 1843 enrolled participants of 2009 cohort enrolled so far, we excluded 93 (5%) 

participants who had prevalent dementia at baseline, 52 who died within 2 years from 

baseline assessment, 336 (19.7% of 1698) had no follow-up visits, 15 without LTPA 

information, and two participants who developed non-AD dementias. Thus, the current study 

included a total of 1345 subjects. Compared with 1345 included in the analysis, the 351 

participants who were excluded due to lost to follow-up (N=336) or missing LTPA (N=15) 

had slightly less education (10.1 vs. 10.7 years, p=0.055) and were older (77.2 vs. 75.1 

years, p<0.001), but were not different in sex, APOE, race/ethnicity, or LTPA level.

2.2 Dementia, AD, and mild cognitive impairment diagnosis

At each assessment, participants were given standard physical and neurological examination 

by physicians, and medical and neurological history was collected. Information was 

collected during an in-person evaluation in English or Spanish including an assessment of 

health and function and a neuropsychological battery.[34] The neuropsychological test as 

well as evidence of social or occupational function deficits were used for consensus 

diagnosis of dementia by a group of neurologists and neuropsychologists using criteria from 

the Diagnostic and Statistical Manual of Mental Disorders. The diagnosis of probable or 

possible AD was based on the criteria of the National Institute of Neurological Disorders 

and Stroke and the Alzheimer’s Disease and Related Disorders Association.[35] The 

diagnosis of mild cognitive impairment (MCI) was based on standard research criteria[36] as 

previously described[37]. Briefly, subjects were considered having MCI if they had all the 

following: 1) a subjective memory complaint; 2) objective impairment in at least 1 of the 

four cognitive domains including memory, executive, language, and visuospatial cognition, 

defined based on the average neuropsychological test scores within that domain and a 1.5-

SD cutoff using corrections for age, years of education, ethnicity, and sex and based on the 

previously established norm; 3) essentially preserved activities of daily living; and 4) no 

diagnosis of dementia at the consensus conference.

2.3 Leisure Time Physical activity

Information about current LTPA was collected using the Godin leisure time exercise 

questionnaire.[38] At baseline, participants were queried about the frequency of LTPA 

during the most recent 2-week period, and duration (minutes) per session, separately for 3 

different intensity categories of LTPAs: vigorous (aerobic dancing, jogging, playing 

handball), moderate (bicycling, swimming, hiking, playing tennis), and light (walking, 

dancing, calisthenics, golfing, bowling, gardening, horseback riding). A MET-minutes score 

[4, 6, 9, 10, 15, 24, 27] in 2 weeks for each intensity category was calculated by multiplying 

frequency (number of sessions), duration (minutes), and standard MET (9, 5, and 3 standard 

METs for vigorous activities, moderate activities, and light activities, respectively[38]). We 

then calculated the total current LTPA level, in MET-minutes/2-week, by summing up the 

three category-specific MET-minutes in the past 2-week to represent each individual’s total 

current LTPA level. Similar to other studies[24], current LTPA was further categorized into 

low (no LTPA), middle, or high LTPA, with the latter two levels based on dichotomized 

value of 1260 MET-minutes/2-week (equivalent to approximately 1.2/2.1/3.5 hours/week, or 

10/18/30 minutes/day, of vigorous/moderate/light LTPA, respectively) among who reported 

non-zero LTPA.
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At baseline, participants also self-reported yes/no and frequency (almost all time/very 

frequent/frequently/rarely) of any LTPA more than ten times during early life (12–25 years), 

early-middle life (26–50 years), and late-middle life (>50 years), separately for light, 

moderate, and vigorous activities. Based on the median length reported for the current LTPA 

for each intensity category in the study population, the durations for light, moderate, and 

vigorous activities were conservatively estimated to be 30, 45, and 60 minutes, respectively. 

The reported frequency of LTPA was converted to 14, 10, 7, 3, and 0 sessions per 2-week for 

‘almost all time’, ‘very frequent’, ‘frequently’, ‘rarely’, and ‘none’, respectively. A total 

MET-minutes per 2-week was estimated for each life stage and then averaged for each 

participant to represent each individual’s average past LTPA level. As few (n=67) subjects 

reported no LTPA, past LTPA was further categorized into low, middle, or high LTPA based 

on tertiles, with the cutoffs for ‘low- mid and mid-high’ being approximately ‘1.9 and 4.4’/ 

‘3.5 and 7.9’ / ‘5.8 and 13.1’ hours/week of vigorous/moderate/light LTPA, respectively.

Past studies have shown that reports of LTPA using the Godin Leisure Time Exercise 

Questionnaire in general is reliable, with the reliability correlation coefficients ranging from 

0.62 to 0.81 [38–40]. We previously reported that the LTPA level correlated well with 

several measures of physical performance, suggesting its validity.[6]

2.4 Covariates

Information about age, sex, education, ethnicity, body mass index (BMI, kg/m2), smoking 

status, and alcohol drinking was obtained from baseline interviews. Apolipoprotein E 

(APOE) ε4 genotype was used as a dichotomous variable: absence vs presence (of either 1 

or 2) of ε4 alleles. Participants were queried about comorbidities including psychiatric 

diseases, diabetes, insulin treatment, heart disease, hypertension, head injury, and 

depression, with positive answer (yes) to either having the disease or having received 

treatment for the disease coded as 1 and negative answer coded as 0. A comorbidity score 

was then calculated by summing up all these dichotomous comorbidity variables as well as 

smoking and drinking. Self-reported occupation was used as a categorical variable.

2.5 Statistical analysis

2.5.1 Characteristics of the subjects—LTPA levels and other characteristics of 

participants were compared between incident AD cases and dementia-free participants, and 

across the levels of LTPAs, using t-tests for continuous variables, and chi-square test for 

categorical variables. Spearman correlations were run between the current and past LTPA, 

with 95%CI from a bootstrap analysis with 1000 repeated samples.

2.5.2 Association between LTPA and risk of incident AD—Cox proportional 

hazards models were used to analyze the relationship between the LTPA and AD risk, 

adjusted for potential confounders including age, sex, ethnicity, education, and APOE ε4 

genotype (Model 1). Additionally, we adjusted (Model 2) for occupation for past LTPA, as 

well as BMI, comorbidity index, and MCI status at baseline for current LTPA. All covariates 

were treated as time-constant. To examine the effect of change or consistency of LTPA 

throughout life on AD risk, we further assigned the participants into the following groups as 

suggested in the literature[23, 24]: “always low” defined as both average past and current 
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LTPA level were low; “decreased”; “increased”; “always middle”; and “always high”. We 

classified participants as “ever-high” (either past or current high LTPA) or “never-high”. A 

separate classification of “ever-low” (either past or current low LTPA) was compared with 

participants who were “never-low”. We also examined vigorous, moderate, light LTPA in 

relation to AD risk, separately for current and past LTPA.

2.5.4 Supplementary Analyses—Effect modifications by sex and APOE were tested 

by including an interaction term into the Cox models, followed by stratified analyses. The 

majority (91 of 106) of the incident AD cases were Hispanics, thus effect modification 

analyses on race/ethnicity was not performed.

To reduce the potential recall bias of LTPA due to early-stage cognitive impairment, we 

limited analyses to 1187 participants who had at least 2 years of follow-up. We also 

performed analyses by excluding 269 participants with baseline MCI.

To examine whether change of LTPA during different life stages is associated with risk of 

AD, we calculated change of LTPA from early life (12–25 years) to current (longest change), 

change from early life (12–25 years) to late-middle life (>50 years) (early change), and 

change from late-middle life (>50 years) to current (late change).

To test robustness of past LTPA analyses, we analyzed past LTPA without using assumptions 

on frequency and duration of LTPA by coding raw reported frequency as ‘almost all time’

(coded as 3), ‘very frequent’(2), ‘frequently’(1), and ‘rarely or none (as reference)” (0), and 

calculated a total raw past LTPA frequency score by summing all three types of LTPA and 

all three age periods (ranging from 0–27, higher meaning more past LTPA).

All analyses were performed using PASW Statistics 25.0 (formerly SPSS Inc., Chicago, IL 

USA). Significance level was set at 0.05.

3. Results

3.1 Characteristics of the study participants

The 1345 participants included in the study were followed for an average of 4.13 (±1.92; 

range, 0.84–8.84) years, for a total of 5,566 person-years. Among them, 106 developed AD. 

About two-thirds (68%) of these participants were women, and the average age was 75.1 

years. Over half of the participants were Hispanic, 20.9% were White and 23.6% were Black 

(Table 1).

Compared with those who remained non-demented, those who developed AD were more 

likely to be women, older, Hispanic, had lower education, had worse memory, had MCI, and 

were less likely to be physically active (Table 1).

For both current and past LTPA, those who had higher LTPA were younger, had more 

education, had better memory, and were less likely to have MCI. There was a higher 

proportion of Whites and lower proportion of Hispanics having high LTPA. Those having 

higher current LTPA were more likely to carry APOE ε4 allele, had fewer comorbidities, 
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lower BMI, and longer follow-up time. Those having higher past LTPA were more likely to 

be men (Tables S1 and S2).

Current LTPA was correlated with mean past LTPA (r=0.35, bootstrap 95%CI=0.36–0.45), 

early life LTPA (r=0.26, 95%CI=0.20–0.31), early-middle life LTPA (r=0.36, 95%CI=0.30–

0.41), and late-middle life LTPA (r=0.57, 95%CI=0.52–0.61), all p<0.0001.

3.2 Cox Regression

Current and past LTPA—Current and past LTPA were associated with reduced risk of 

AD, with HR(95%CI)= 0.39(0.20–0.75) and 0.37(0.18–0.75) comparing the high with the 

low levels, respectively (Table 2, Model 1). The results remained similar in Model 2. Higher 

early life and late-middle life LTPA were associated with reduced AD risk.

Change of LTPA over time—Compared with “always low”, “increased” and “always 

high” were associated with reduced AD risk, with HR(95%CI)= 0.60 (0.36–0.99) and 0.28 

(0.08–0.94), respectively (Table 3). Compared to “never-high”, “ever high” LTPA had a 60% 

reduction in AD risk; compared to “never-low”, “ever low” LTPA had a 63% increase in risk 

of AD (Table 3).

LTPA Intensity—Current light, past light, and past moderate LTPA were associated with 

reduced risk of AD (Table 4, Model 1).

3.3 Supplementary analyses

The interaction between sex/gender and current LTPA [HR(95%CI) for interaction=0.84 

(0.42–1.65), p=0.61] or mean past LTPA [(HR(95%CI) for interaction=1.14 (0.59–2.20), 

p=0.71] was not significant. The interaction between APOE and current LTPA [(HR(95%CI) 

=0.92 (0.50–1.70), p=0.80] or mean past LTPA [(HR(95%CI) =1.12(0.64–1.96), p=0.70) 

was not significant.

Limiting analyses to 1187 participants who had at least 2 years of follow-up, both current 

and past LTPA were [comparing high vs. low HR(95%CI)=0.42(0.19–0.91), p=0.027; 0.41 

(0.20–0.87), p=0.020, respectively, model 2] associated with reduced risk of AD.

Limiting 1076 subjects who did not have MCI at baseline (excluding 269 participants with 

MCI), high past LTPA had lower risk of AD than low past LTPA, HR=0.37 (95%CI=0.16–

0.86, p=0.021, Model 2), and current LTPA was also associated with AD risk (comparing 

high with low, HR=0.46, 95%CI=0.21–0.98, p=0.044, Model 1; HR=0.49, 95%CI=0.22–

1.12, p=0.09, Model 2).

Examining change of LTPA during different life stages (longest change, early change, late 

change), we found increased LTPA over time and always high LTPA were both associated 

with reduced risk of AD (supplementary Table S3).

Using total raw past LTPA frequency score, we found that higher LTPA was associated with 

lower risk of AD, HR=0.95 (95%CI=0.91–0.98; p=0.005 from model 1) for one unit change 
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in raw frequency score; and HR=0.50 (95%CI=0.28–0.91; p=0.022 from model 1) 

comparing high to the low tertile of the score.

4. Discussion

In the present study significant protective effect against AD was found for both current and 

past self-reported LTPA. In addition, increasing LTPA or always high LTPA throughout life 

was associated lower risk of AD compared to always low LTPA. Finally, light and moderate 

LTPA were associated with lower AD risk.

Our findings on current leisure-time LTPA in late-life (>65 years) are consistent with many 

other studies that show inverse associations between LTPA and the risk of AD among older 

adults [2–19]. Overall, with a few exceptions [26–32], the current evidence suggests a 

40~60% reduction in AD risk by performing LTPA in older adults. Previous studies have 

found middle age [20–24] LTPA was associated with reduced risk of AD. We do not know 

the exact reason why early middle-age LTPA was not associated with risk of AD, but 

occupation-related PA may have confounded the LTPA-AD association during this age 

period when subjects were still at work. However, our results found that high LTPA in both 

early life and late-middle life were associated with reduced AD risk. One cross-sectional 

study found that, compared with those who were inactive at respective age (teenage, age 30, 

age 50, and old age), those who were active were less likely to be cognitively impaired [25]. 

Recently, a clinical trial of cognitively normal individuals aged 20–67 found improvements 

in both executive function and cortical thickness after 6 months of aerobic exercise, 

suggesting exercise may contribute to brain health in young adults [41]. From a public health 

point of view, it is important to promote LTPA even at young ages for protection against AD 

later in life.

Only a few prior studies have investigated the role of changes in LTPA habits throughout life 

[23, 25]. Previous studies found that maintaining a high level of LTPA[23, 24] or increasing 

LTPA after throughout life was associated with lower risk of dementia [23]. We confirmed 

such findings in the current study. Given the findings that increasing LTPA may protect 

against AD development, it is important to promote health education among those who did 

not participate in LTPA in the past. In addition, these findings also provide support for future 

intervention studies of LTPA in older adults regardless of past LTPA levels.

One previous study found that LTPA had a greater protective effect against AD in women 

than in men [3], and another study had the opposite result[23]. A recent meta-analysis 

concluded that there was no interaction between LTPA and sex/gender [29]. Some studies 

found protection of LTPA on AD among APOE ε4 non-carriers [23, 31]. We did not find 

significant interactions of LTPA with sex and APOE. Overall it remains unclear whether 

certain populations may benefit more from LTPA.

A key question in this research area is to determine the minimum amount of LTPA needed to 

have a beneficial effect on AD. Our findings suggest that at minimum, total energy 

expenditure should be high, but that this can be obtained from vigorous, moderate, or light 

intensity LTPA. We found light, but not moderate or vigorous, LTPA was associated with 
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reduced risk of AD. A case-control study found light exercise had reduced odds of dementia 

and AD when compared to those inactive[3]. It is also supported by the finding that low-

intensity daily walking activity is associated with hippocampal volume in older adults.[42] A 

few other studies examined only vigorous LTPA, but not light or moderate LTPA, and found 

vigorous LTPA was associated with reduced risk of AD[14]. Nevertheless, the definition of 

intensity often varies across studies, and the amount of different intensity LTPAs are usually 

correlated or clustered within individuals, making it hard to disentangle their independent 

effects. Therefore, due to limited number and inconsistent results of studies examining 

detailed aspects of LTPA, it remains premature to determine which exact frequency, 

duration, and intensity are needed to reduce the risk or delay the onset of AD.

The mechanism for the LTPA benefits is unclear, but there are likely several pathways in 

which LTPA provides a protective effect.[43] LTPA has been found to have positive effects 

on synaptic plasticity and cognition.[44, 45] It has also been found to reduce rates of risk 

factors associate with AD such as hypertension, obesity, and diabetes, which can potentially 

be in the pathway from low LTPA to AD.[46] Furthermore, in animal models, LTPA has 

been linked to reductions in β-amyloid build up and stimulation of angiogenesis, brain 

perfusion and neurovascular integrity.[47–49]

There are a few limitations in our study. The study may be subjective to selection bias as 

participants who were less educated and older were less likely to complete follow-up 

evaluations. However, as these two factors were also associated with both increased AD risk 

and less LTPA in our study, the incomplete inclusion may have biased our results towards 

null. We did not have objective assessment of LTPA such as portable accelerometer at time 

of study initiation due to the difficulties in availability, cost, and acceptance in older adults. 

LTPA levels were self-reported and thus may subject to recall bias, particularly for past 

LTPA, even in cognitively healthy, non-demented individuals. For past LTPA, the age period 

“50 and above” in the questionnaire is ambiguous and may include a large range of life 

period. The current and past LTPA were estimated differently and may not be completely 

comparable. Furthermore, despite a longitudinal study design, lower LTPA may be a result 

of preclinical AD or other health and medical confounds existing at baseline [32]. To reduce 

the likelihood of reverse causation in the current study, we adjusted for multiple 

comorbidities, excluded prevalent MCI participants, and limited the analyses to those with 

two or more years of follow-up, and found the association of LTPA with lower AD risk 

remained consistent. While we adjusted for many potential confounders, residual 

confounding from unavailable variables such as diet may remain, although it seems they 

may act independently [6]. Another limitation of the study is the relatively short follow-up 

time and small number of incident AD cases (for example, only 3 subjects developed AD in 

the “always high” group), thus the effect modification analyses by sex/gender, APOE, and 

race/ethnicity were underpowered. We did not examine types of LTPA but a previous study 

showed amount of activity (energy expenditure), rather than the type of activity, was more 

important.[50]

There are many strengths of this study. We examined change of LTPA status over the life 

course and the intensity of LTPA on AD risk. The participants are from a multiethnic 

community-based population, thus increasing the generalizability to the increasingly diverse 
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U.S. population. The consensus diagnosis of AD was based on comprehensive assessments 

and standard research criteria. Furthermore, the study controlled for many potential 

confounders.

Conclusion

Our results provide support that higher LTPA throughout life is protective against AD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in Context

Systematic review: The author reviewed previously published findings on leisure time 

physical activity and Alzheimer’s disease or dementia. Previous findings have suggested 

the protective effect of physical activity, but few studies have examined past and current 

physical activity at the same time.

Interpretation: Our study showed significant protective effects of leisure time physical 

activity on Alzheimer’s disease risk, suggesting the importance of leisure time physical 

activity throughout life.

Future Directions: Future longitudinal or interventional studies can help to further our 

understanding of the role of current leisure time physical activity in dementia prevention 

in older adults. Longitudinal studies with the leisure time physical activity information 

collected during early and mid-life are needed to verify our findings on past physical 

activity. Additionally, follow-up studies are needed to confirm the desirable frequency, 

duration, and intensity of physical activity for reducing dementia risk.
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Highlights

• Both current and earlier life physical activity were independently associated 

with reduced risk of Alzheimer’s disease (AD), with more leisure time 

physical activity (LTPA) leading to greater protective effects.

• Compared with always having low LTPA, increasing LTPA or maintaining a 

high LTPA throughout life was associated with lower risk of AD.

• While having a high amount of leisure time physical activity at some point in 

life was particularly beneficial, avoiding being physically inactive throughout 

life was also important for prevention of AD.

• There was health benefit in AD prevention by performing light and moderate 

LTPA.
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Table 1.

Characteristics of study participants according to the Alzheimer’s Disease status.

No dementia Incident AD
∥ All P- value

Number 1239 106 1345 /

Women, N(%)* 826 (67) 86 (81) 912 (68) 0.002

Age at baseline (years), mean (SD) 74.6 (5.99) 80.9 (6.85) 75.1 (6.30) <0.0001

Race/Ethnicity, N(%)* <0.0001

 White 277(22.4) 4 (3.8) 281 (20.9)

 Black 307 (24.8) 10 (9.4) 317 (23.6)

 Hispanic 633 (51.1) 91 (85.8) 724 (53.8)

 Others 22 (1.8) 1 (10) 23 (1.7)

Education (years), mean (SD) 11.06 (5.17) 6.44 (4.24) 10.70 (5.25) <0.0001

≥1 Apolipoprotein E ε4, N(%)* 319 (25.8) 35 (33.0) 354 (26.3) 0.104

MCI, N(%) 234 (18.9) 35 (33.0) 269 (20.0) <0.0001

Memory z-score, mean(SD) 0.42 (0.68) −0.43 (0.64) 0.35 (0.71) <0.0001

Body mass index (kg/m2), mean (SD) † 29.51 (6.32) 29.75 (5.64) 29.53 (6.27) 0.719

Comorbidity score, mean (SD) 3.00 (1.64) 3.29 (1.60) 3.03 (1.64) 0.082

Current LTPA (MET- minutes/2wks), mean (SD) 1788 (3214) 514 (751) 1689 (3111) <0.0001

Mean past LTPA (MET- minutes/2wks), mean (SD) 3945 (2859) 2034(1964) 3795(2846) <0.0001

Past LTPA at age 12–25 (MET- minutes/2wks), mean (SD) 6080 (4101) 3678 (3675) 5890(4119) <0.0001

Past LTPA at age 26–50 (MET- minutes/2wks), mean (SD) 3375 (3424) 1457(1810) 3224 (3366) <0.0001

Past LTPA at age 50+ (MET- minutes/2wks), mean (SD) 2397 (2827) 968 (1585) 2285 (2776) <0.0001

Duration of follow-up (years), mean(SD) 4.20 (1.92) 3.41 (1.69) 4.13 (1.92) <0.0001

∥
Two participants who developed other types of dementia were excluded from the analyses.

*
N(%) indicate number (percentage) of subjects. Percentages may not equal 100% due to rounding. 1 subject missing APOE e4. 58 subjects missed 

information on BMI.

†
Calculated as weight in kilograms divided by height in meters squared.
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Table 2.

Cox Proportional Hazard Ratios for incident Alzheimer’s Disease (AD) by Current and Past Leisure Time 

Physical Activity (LTPA) Levels

Model 1 Model 2

AD/Total HR (95%CI) P HR (95%CI) P

Current LTPA Low 49/331 Reference Reference

Middle 43/536 0.69 (0.45–1.07) 0.101 0.71 (0.44–1.15) 0.169

High 12/463 0.39 (0.20–0.75) 0.005 0.42 (0.21–0.86) 0.017

p-trend 0.003 0.014

Mean past LTPA

Low 64/449 Reference

Middle 32/448 0.94 (0.6–1.48) 0.794 0.99 (0.63–1.57) 0.985

High 10/448 0.37 (0.18–0.75) 0.005 0.40 (0.20–0.80) 0.017

p-trend 0.011 0.022

Past LTPA at age 12–25 (early life)

Low 59/441 Reference Reference

Middle 32/457 0.92 (0.58–1.44) 0.705 0.93 (0.59–1.47) 0.744

High 15/447 0.49 (0.27–0.89) 0.019 0.52 (0.28–0.95) 0.032

p-trend 0.028 0.046

Past LTPA at age 26–50 (early-middle life)

Low 60/470 Reference Reference

Middle 34/441 0.90 (0.57–1.41) 0.647 0.94 (0.59–1.49) 0.784

High 12/434 0.59 (0.30–1.14) 0.116 0.62 (0.32–1.20) 0.156

p-trend 0.140 0.198

Past LTPA at age 50 above (late-middle life)

Low 72/472 Reference Reference

Middle 24/439 0.51 (0.31–0.84) 0.008 0.55 (0.33–0.90) 0.017

High 10/434 0.32 (0.16–0.64) 0.001 0.34 (0.17–0.70) 0.003

p-trend <0.0001 0.001

Abbreviation: CI, confidence interval; HR, hazard ratio.

*
Model 1 was adjusted for age at baseline, sex, ethnicity, education, apolipoprotein E ε4 allele, and Model 2 was additionally adjusted for 

occupation (for all four past LTPA variables), as well as MCI status at baseline, body mass index, and comorbidities including psychiatric diseases, 
diabetes, insulin treatment, heart disease, hypertension, head injury, depression, smoking, heavy alcohol drinking (for current LTPA).

All statistical significance (p≤0.05) results are shown in bold.
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Table 3.

Cox proportional hazard ratios for incident Alzheimer’s disease (AD) by change of leisure time physical 

activity (LTPA) throughout life.

Change of LTPA from average past to current
AD/Total

Model 1 Model 2

HR (95%CI) P HR (95%CI) P

Always low 37/185 Reference Reference

Decreased 19/312 0.64 (0.36–1.14) 0.126 0.58 (0.30–1.13) 0.109

Increased 32/400 0.60 (0.36–0.99) 0.046 0.56 (0.32–0.98) 0.043

Always moderate 13/201 0.67 (0.34–1.29) 0.229 0.74 (0.37–1.47) 0.390

Always high 3/232 0.28 (0.08–0.94) 0.04 0.31 (0.09–1.06) 0.062

Never High 85/659 Reference Reference

Ever High 19/671 0.40 (0.24–0.68) 0.001 0.46 (0.27–0.80) 0.006

Never Low 28/736 Reference Reference

Ever Low 76/594 1.63 (1.03–2.59) 0.037 1.33 (0.81–2.17) 0.254

Abbreviation: CI, confidence interval; HR, hazard ratio.

*
Model 1 was adjusted for age at baseline, sex, ethnicity, education, apolipoprotein E ε4 allele, and Model 2 was additionally adjusted for 

occupation, MCI status at baseline, body mass index (calculated as weight in kilograms divided by height in meters squared), and comorbidities 
including psychiatric diseases, diabetes, insulin treatment, heart disease, hypertension, head injury, depression, smoking, heavy alcohol drinking).

†
Statistical significant (p≤0.05) results are shown in bold.

Alzheimers Dement. Author manuscript; available in PMC 2020 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ogino et al. Page 18

Table 4.

Cox proportional hazard ratios for incident Alzheimer’s Disease (AD) by intensity of leisure time physical 

activity levels.

LTPA Level AD/total HR (95%CI) p HR (95%CI) p

Current vigorous No 101/1179 Reference Reference

Yes 3/148 0.84 (0.26–2.73) 0.77 1.01 (0.31–3.28) 0.99

Current moderate No 98/1093 Reference Reference

Yes 6/230 0.64 (0.28–1.49) 0.30 0.74 (0.32–1.75) 0.50

Current light

Low 50/362 Reference Reference

Middle 36/521 0.72 (0.45–1.05) 0.08 0.69 (0.42–1.14) 0.15

High 17/437 0.46 (0.26–0.81) 0.008 0.47 (0.25–0.88) 0.018

p-trend 0.005 0.015

Past vigorous

Low 70/551 Reference Reference

Middle 21/358 0.81 (0.49–1.36) 0.43 0.81 (0.48–1.36) 0.43

High 15/436 0.59 (0.33–1.05) 0.07 0.63 (0.35–1.11) 0.11

p-trend 0.07 0.10

Past moderate

Low 55/415 Reference Reference

Middle 39/488 0.93 (0.61–1.43) 0.75 0.95 (0.61–1.47) 0.81

High 12/441 0.42 (0.22–0.80) 0.008 0.43 (0.23–0.83) 0.01

p-trend 0.02 0.02

Past light

Low 50/395 Reference Reference

Middle 36/485 0.72 (0.46–1.11) 0.14 0.76 (0.49–1.19) 0.23

High 20/465 0.53 (0.30–0.95) 0.03 0.59 (0.33–1.07) 0.08

p-trend 0.02 0.07

Abbreviation: CI, confidence interval; HR, hazard ratio.

*
Model 1 was adjusted for age at baseline, sex, ethnicity, education, apolipoprotein E ε4 allele, and Model 2 was additionally adjusted for 

occupation (for all four LTPA variables), as well as MCI status at baseline, body mass index, and comorbidities including psychiatric diseases, 
diabetes, insulin treatment, heart disease, hypertension, head injury, depression, smoking, heavy alcohol drinking (for current LTPA variables).

†
Statistical significant (p≤0.05) results are shown in bold.
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