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AbstrAct
Objective
To determine the impact of lifestyle factors on life 
expectancy lived with and without Alzheimer’s 
dementia.
Design
Prospective cohort study.
setting
The Chicago Health and Aging Project, a population 
based cohort study in the United States.
participants
2449 men and women aged 65 years and older.
Main expOsure
A healthy lifestyle score was developed based on 
five modifiable lifestyle factors: a diet for brain 
health (Mediterranean-DASH Diet Intervention 
for Neurodegenerative Delay—MIND diet score in 
upper 40% of cohort distribution), late life cognitive 
activities (composite score in upper 40%), moderate 
or vigorous physical activity (≥150 min/week), no 
smoking, and light to moderate alcohol consumption 
(women 1-15 g/day; men 1-30 g/day).
Main OutcOMe
Life expectancy with and without Alzheimer’s 
dementia in women and men.
results
Women aged 65 with four or five healthy factors had a 
life expectancy of 24.2 years (95% confidence interval 
22.8 to 25.5) and lived 3.1 years longer than women 
aged 65 with zero or one healthy factor (life expectancy 
21.1 years, 19.5 to 22.4). Of the total life expectancy at 
age 65, women with four or five healthy factors spent 
10.8% (2.6 years, 2.0 to 3.3) of their remaining years 
with Alzheimer’s dementia, whereas women with zero 
or one healthy factor spent 19.3% (4.1 years, 3.2 to 5.1) 

with the disease. Life expectancy for women aged 65 
without Alzheimer’s dementia and four or five healthy 
factors was 21.5 years (20.0 to 22.7), and for those 
with zero or one healthy factor it was 17.0 years (15.5 
to 18.3). Men aged 65 with four or five healthy factors 
had a total life expectancy of 23.1 years (21.4 to 25.6), 
which is 5.7 years longer than men aged 65 with zero or 
one healthy factor (life expectancy 17.4 years, 15.8 to 
20.1). Of the total life expectancy at age 65, men with 
four or five healthy factors spent 6.1% (1.4 years, 0.3 to 
2.0) of their remaining years with Alzheimer’s dementia, 
and those with zero or one healthy factor spent 12.0% 
(2.1 years, 0.2 to 3.0) with the disease. Life expectancy 
for men aged 65 without Alzheimer’s dementia and four 
or five healthy factors was 21.7 years (19.7 to 24.9), and 
for those with zero or one healthy factor life expectancy 
was 15.3 years (13.4 to 19.1).
cOnclusiOn
A healthy lifestyle was associated with a longer life 
expectancy among men and women, and they lived 
a larger proportion of their remaining years without 
Alzheimer’s dementia. The life expectancy estimates 
might help health professionals, policy makers, and 
stakeholders to plan future healthcare services, costs, 
and needs.

Introduction
Preventing Alzheimer’s dementia through lifestyle 
modifications has gained considerable attention in 
recent years owing to growing evidence that they help 
to slow cognitive decline and potentially reduce the 
risk of Alzheimer’s dementia.1-6 Specifically, we have 
shown that adherence to a healthy lifestyle is associated 
with a 60% lower risk of Alzheimer’s dementia.4 
However, in addition to attenuating dementia risk, 
successful modification of these lifestyle factors is 
also associated with an increased life expectancy.7 8 
With greater life expectancy, many more people will 
attain older ages, and because the risk of dementia 
increases exponentially with increasing age,9 10 they 
will be predisposed to the risk of cognitive impairment 
and Alzheimer’s dementia. Consequently, it might 
be plausible that lifestyle interventions could delay 
Alzheimer’s dementia to later ages, but the overall 
prevalence and years lived with the disease might 
not change or even increase. If that is the case, health 
professionals, policy makers, and stakeholders should 
plan future healthcare costs and needs adequately.

We conducted a multistate life table analysis by 
using data from a population cohort of older adults 
living on the south side of Chicago, Illinois, United 
States to determine the impact of lifestyle factors on 
life expectancy lived with and without Alzheimer’s 
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WhAt Is AlreAdy knoWn on thIs topIc
Adherence to a healthy lifestyle is associated with a lower risk of Alzheimer’s 
dementia and longer life expectancy
With increasing life expectancy, more people will reach older ages when 
cognitive impairment and Alzheimer’s dementia become increasingly common
The impact of lifestyle on life expectancy with and without Alzheimer’s dementia 
needs to be investigated

WhAt thIs study Adds
The study findings suggest a healthy lifestyle could increase life expectancy 
among men and women
A healthy lifestyle might also increase the proportion of remaining years lived 
without Alzheimer’s dementia
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dementia for women and men independently. This 
investigation will help us to understand whether 
an increased life expectancy through lifestyle 
modifications influences the overall years lived with 
Alzheimer’s dementia across the lifespan.

Methods
study design, settings, and population
This study was performed within the Chicago Health 
and Aging Project (CHAP), a prospective population 
based cohort study designed to assess the risk factors 
of Alzheimer’s dementia in the general population. 
The objectives and design have been reported 
previously.11  12 Briefly, in 1993 all residents aged 
65 years and older from a geographically defined 
community on the south side of Chicago received an 
invitation to participate, and 6157 (78.7% of all age 
eligible people established by community census) 
were enrolled. Starting in 2000, the CHAP study 
was extended with successive cohorts of residents 
(n=4645) in the study catchment area. A total of 
10 802 people were enrolled from 1993 to 2012. 
Besides the minimum age of 65 and being a resident 
of geographically defined research communities, no 
other eligibility criteria for participation in the CHAP 
study were applied.

Data on a wide range of social and clinical 
phenotypes, including lifestyle factors, medical history, 
genotyping, and neurocognitive tests, were obtained 
during in-home assessments through structured 
self or interviewer administered questionnaires and 
biospecimen collection. Specifically, the neurocognitive 
tests were administered to all participants every 
three years up to six times throughout the study. At 
each of these population assessments, a stratified 
random sample was selected for a detailed clinical 
evaluation to determine the prevalence and incidence 
of Alzheimer’s dementia (supplementary table 1 and 
supplementary fig 1). Random sampling for clinical 
evaluation was based on stratums defined by age, 
sex, race, and categories of cognitive function.11 To 
avoid biased estimates because people could have 
unequal chances of being in the random sample, all 
our analyses were weighted for the sampling design. 
A total of 4021 clinical evaluations were performed 
on 2794 participants from 1994 to 2012. Of 4021 
clinical evaluations, 1056 were used to determine the 
prevalence of Alzheimer’s dementia and 2965 clinical 
evaluations were used to assess the incidence.

The clinical evaluation for disease prevalence 
identified 336 participants with Alzheimer’s dementia 
(supplementary fig 1). The 2965 clinical evaluations for 
the incidence of Alzheimer’s dementia were performed 
among 2130 participants free of Alzheimer’s dementia 
at baseline. A participant without Alzheimer’s 
dementia at baseline was determined based on the 
cognitive assessment in-home interview and the 
clinical evaluation information.11 For example, an 
individual free of Alzheimer’s dementia at baseline 
had good cognitive function during the population 
interview or, if the cognitive function was intermediate 

or poor, was free from Alzheimer’s dementia according 
to the baseline clinical evaluation for prevalent 
dementia.11 The definition of disease free cohort has 
been previously described.11 Of 2130 participants in 
the incident sample, we excluded 20 (0.9%) because 
they returned the food frequency questionnaire after 
examination for incident Alzheimer’s dementia. 
The cycle in which participants returned dietary 
questionnaires established the baseline and the 
start of follow-up for our investigation. Of these 
20 participants, three had incident Alzheimer’s 
dementia. Our overall study population included 
2449 participants, 2110 free of Alzheimer’s dementia 
at baseline and 339 with prevalent Alzheimer’s 
dementia.

The Rush University Medical Center Institutional 
Review Board approved this study. All participants 
provided informed consent to participate in this study.

assessment of lifestyle factors
Healthy lifestyle score was developed based on 
information about five modifiable lifestyle factors: 
diet,13 cognitive activities,14 physical activity,15 
smoking,16 and alcohol consumption.17 In CHAP, 
dietary behavior was assessed by a validated food 
frequency questionnaire estimating how often, on 
average, a participant had consumed a specified 
amount of foods during the previous year. Dietary 
questionnaires were distributed to study participants 
for completion and mail return. The validity and 
reproducibility of the questionnaire were assessed 
in random samples selected by race from the study 
population.18 Quality of diet was determined using 
the Mediterranean-DASH Diet Intervention for 
Neurodegenerative Delay (MIND) diet score, which has 
been significantly associated with a slower cognitive 
decline and lower risk of incident Alzheimer’s 
dementia.13 19 We defined a low risk or healthy diet as 
a MIND score (without alcohol) in the top 40% of the 
cohort distribution; that is, MIND score >7.5.6

We assessed late life cognitive activities by using a 
structured questionnaire that measures participation 
in seven cognitively stimulating activities during the 
past year.14 These activities include reading, visiting 
a museum, and playing games like cards, checkers, 
crosswords, or puzzles. We developed a composite 
cognitive activity score and defined a low risk or 
healthy cognitive activity score as 40% of the cohort 
distribution; that is, a cognitive activity score >3.43.6 
Physical activity was assessed through the 1985 US 
Health Interview Survey where participants reported 
time spent in six moderate or vigorous activities, 
including walking for exercise, gardening or yard 
work, calisthenics or general exercise, bicycle riding, 
and swimming.20 Following guidelines for physical 
activity in adults,21 people who were healthy or at low 
risk were defined as those who spent at least 150 min/
week doing moderate or vigorous activity. Smoking 
status was self-reported, where participants were 
categorized as never smokers, current smokers, and 
former smokers.16 Former and never smokers were 
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classified as healthy or at low risk. The frequency 
of alcoholic beverage intake was obtained through 
the food frequency questionnaires, and the average 
consumption was calculated.18 Following dietary 
guidelines for Americans 2020-25,22 those with light to 
moderate alcohol consumption (1-15 g/day in women 
and 1-30 g/day in men) were considered healthy or at 
low risk of Alzheimer’s dementia.

For each of these lifestyle factors, participants 
received a score of 1 if they met the threshold for 
healthy or low risk and 0 if they did not meet the 
criteria. The five scores were then summed to yield a 
final score within the range of 0-5, with higher scores 
indicating a healthier lifestyle.4-6

Race, sex, and education (years of formal schooling) 
were determined using the 1990 US census questions. 
History of heart disease, stroke, diabetes, and cancer 
was determined by self-report questions from the 
Established Populations for the Epidemiologic Study 
of the Elderly. Apolipoprotein E (APOE ε4) genotyping 
was measured on the single nucleotide polymorphisms 
of the rs7412 and rs429358 by Broad Institute Center 
for Genotyping (Cambridge, Massachusetts) using the 
hME Sequenom MassARRAY platform.23 We computed 
the body mass index for study participants by dividing 
their weight (kg) by their height (m2). The Center for 
the Epidemiological Study of Depression scale was 
used to quantify symptoms of depression.24

clinical evaluation and diagnosis of alzheimer’s 
dementia
Clinical evaluation and diagnosis of Alzheimer’s 
dementia have been described in detail previously.11 12 
In short, cognitive measures included 17 tests (eg, 
verbal fluency test, Boston naming test, mini-mental 
state examination, word list memory) and were 
administered uniformly with examiners blinded to 
population interview and sampling category. A board 
certified neuropsychologist used data from these 
cognitive tests to summarize impairment in each of 
five cognitive domains, including memory, language, 
orientation, attention, and perception. Additionally, 
trained nurse clinicians performed a structured 
neurological examination and screened participants’ 
medical history. A board certified neurologist 
then reviewed all the data and re-examined each 
participant, emphasizing findings considered to be 
of clinical importance or atypical. The neurological 
examination was in agreement with the National 
Institutes of Health stroke scale.25

An impairment in two or more functions on 
cognitive performance tests and a loss of cognitive 
function determined by the neurologist were required 
to diagnose dementia. The diagnosis of Alzheimer’s 
dementia was determined by the criteria of the 
National Institute of Neurological and Communicative 
Disorders and Stroke and the Alzheimer’s Disease and 
Related Disorders Association (NINCDS and ADRDA) 
for probable Alzheimer’s disease.26 In the CHAP study, 
data on prevalent and incident Alzheimer’s dementia 
were collected up to February 2012.

Mortality assessment
We obtained mortality data from the Social Security 
Administration Death Master File, supplemented by 
field contacts with families and neighbors.27 Data on 
mortality were collected up to November 2017.

statistical analysis
We developed a multistate life table to calculate the life 
expectancy and years lived with and without Alzheimer’s 
dementia according to adherence to a healthy lifestyle. 
A multistate life table is a demographic tool that allows 
the experience of people in different health states to be 
combined in the total life expectancy and the number 
of years that people could expect to live in the different 
health states. We have previously described similar 
calculations.7 8 28-33 In short, the current study included 
three health states, free of Alzheimer’s dementia, 
Alzheimer’s dementia, and death. In each of these 
health states, we investigated three transitions: free of 
Alzheimer’s dementia to Alzheimer’s dementia; free 
of Alzheimer’s dementia to death; and Alzheimer’s 
dementia to death. We estimated overall age and sex 
specific rates and sex specific hazard ratios for each 
transition by adherence to a healthy lifestyle using 
survival analysis with Gompertz distribution.34 The 
regression models were adjusted by age, race, marital 
status, education, APOE ε4 status, and comorbidities. 
Additionally, to account for lifestyle changes among 
people over time, we adjusted our models with the 
calendar cycle/cohort, in which the lifestyle factors were 
assessed. The prevalence of adherence to lifestyle score 
was calculated by sex and 10 year age groups separately 
for people with and without Alzheimer’s dementia. We 
used adjusted hazard ratios and prevalence of adherence 
to the lifestyle score to weight rates, which ultimately 
were used to create multistate life tables. We developed 
life tables for the overall population and three life tables 
according to the number of healthy lifestyle factors (zero 
or one, two or three, and four or five). In line with our 
previous studies,4-6 we used these categories because 
not many people had zero or five lifestyle factors. The 
multistate life table started at age 65 and ended at age 
100. Confidence intervals of life expectancy estimates 
were predicted using a Monte Carlo simulation with 
parametric bootstrapping.

We conducted a series of sensitivity analyses to 
evaluate the robustness of our primary findings. Firstly, 
we adjusted our models for depressive symptoms 
and body mass index, in addition to the primary 
adjustment, and evaluated the association of lifestyle 
score with Alzheimer’s dementia and mortality.6 
Depression and weight have a complex relation with 
Alzheimer’s dementia. Although both might qualify 
as risk factors for cognitive impairment, they could 
also qualify as outcomes of dementia (eg, depressive 
symptoms and weight loss). Therefore, we conducted 
this examination as a sensitivity analysis. Secondly, 
based on dietary guideline recommendations22 
and data focused on alcohol and dementia,17 we 
included light to moderate alcohol use in the low 
risk or healthy score to limit alcohol intake in those 
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who drink; however, people who do not drink should 
not be encouraged to start alcohol consumption. 
Therefore, we created a new lifestyle score without 
alcohol consumption and examined the association of 
lifestyle score (without alcohol) and risk of Alzheimer’s 
dementia and mortality. We also developed life tables 
for the lifestyle score without alcohol.

Thirdly, study participants were enrolled in our 
cohort on different calendar times from 1993 to 2009 
(supplementary table 1), and therefore, we anticipate 
differences between people in adherence to lifestyle 
factors across calendar times, for example, being more 
healthy in recent years. To address this concern, we 
additionally adjusted all our models by the calendar 
cycle/cohort, in which participants provided lifestyle 
factors, and as sensitivity analysis, we limited the 
study population to participants who were enrolled 
in the study before 2000 only. We also explored the 
trajectory of lifestyle scores across calendar time, 
from 1993 to 2009. Fourthly, in the primary analyses, 
we censored participants who fulfilled the criteria for 
diagnosis of dementia by NINCDS and ADRDA but 
had another condition that impaired cognition. We 
conducted a sensitivity analysis by excluding these 
participants and re-evaluating the association between 
lifestyle, Alzheimer’s dementia, and mortality. Fifthly, 
we analyzed the role of lifestyle factors in relation to 
Alzheimer’s dementia and mortality separately in 
black or African American people and white people, 
and also examined the lifestyle score as a continuous 
variable in relation to the risk of Alzheimer’s dementia 
and mortality per one point increase (eg, one additional 
healthy factor) in the lifestyle score.

About 18% of participants with clinical evaluation 
for Alzheimer’s dementia did not respond to dietary 
or genetic study questions, introducing missing data 
to our investigation for the MIND score and APOE 
ε4 status. We imputed these missing values using 
multivariate imputations by chained equations35 
with the mice package.36 We used a single imputation 
method and maximized the accuracy with a wide 
range of predictors related to diet and APOE ε4, 
such as physical activity, cognitive activity, body 
mass index, depressive symptoms, the incidence of 
Alzheimer’s dementia, and mortality. However, given 
statistical uncertainty in the imputation method, we 
conducted sensitivity analyses in the sample without 
missing or imputed data. In these sensitivity analyses, 
we repeated our primary analyses and computed the 
hazard ratios for three transitions (free of dementia, 
dementia, and mortality) and life expectancy with 
and without Alzheimer’s dementia in participants 
with no missing data. Analyses were performed using 
R statistical computing, version 4.0 (R Foundation for 
Statistical Computing, Vienna, Austria).37

patient and public involvement
No patients were involved in setting the research 
question or the outcome measures, nor were they 
involved in the design and implementation of the 
study.

results
Table 1 shows the baseline characteristics in women 
(n=1540) and men (n=909) for the overall sample 
and by lifestyle score. The average age of women and 
men in the study was 76 years, and they had about 
12.5 years of schooling; 57% of women and 56% of 
men were black or African American. Women and men 
with four or five low risk (or healthy) lifestyle factors 
were younger, mainly white, and had more years of 
education than those with zero or one lifestyle factor.

incident alzheimer’s dementia and mortality
Table 2 presents the association between lifestyle 
score and risk of Alzheimer’s dementia and mortality 
in women and men. During 13 047 person years of 
follow-up for incident Alzheimer’s dementia, 439 
(20.8%) participants developed the disease. Higher 
adherence to a healthy lifestyle, defined as people with 
four or five healthy factors, was associated with a lower 
risk of Alzheimer’s dementia in women (hazard ratio 
0.44, 95% confidence interval 0.32 to 0.59) and men 
(0.30, 0.19 to 0.47) compared with participants with 
zero or one healthy factor. Similarly, women and men 
with four or five healthy factors had a lower mortality 
risk than those with zero or one healthy factor. The 
corresponding hazard ratios were 0.56 (0.49 to 0.65) 
for women and 0.47 (0.39 to 0.57) for men. Among 
people living with Alzheimer’s dementia, women 
with four or five healthy factors had a higher risk of 
mortality after the development of dementia (1.31, 
1.03 to 1.67) compared with women with zero or one 
health behavior. No significant associations were noted 
in men (1.00, 0.73 to 1.39).

life expectancy and years lived with and without 
alzheimer’s dementia
Figure 1 shows the total life expectancy and years lived 
with and without Alzheimer’s dementia in women and 
men, overall and by lifestyle score. Figure 2 illustrates 
the proportion of life expectancy lived with Alzheimer’s 
dementia. At age 65, the life expectancy in women was 
22.5 years (95% confidence interval 21.0 to 23.8), of 
which 3.7 years (2.9 to 4.6), corresponding to 16.3% of 
life expectancy, were lived with Alzheimer’s dementia. 
For men, the total life expectancy at age 65 was 20.6 
years (18.9 to 23.4) and 2.3 years (0.4 to 3.0), or 
11.0% of life expectancy, were lived with Alzheimer’s 
dementia. The life expectancy at age 85 was 7.6 years 
(6.8 to 8.5) in women and 6.6 years (5.4 to 8.4) in men; 
women lived 49.9% (3.8 years, 3.0 to 4.8) and men 
37.2% (2.5 years, 0.5 to 3.3) of their life expectancy 
with Alzheimer’s dementia.

Total life expectancy differed by lifestyle score in 
women and men (fig 1 and fig 2). Women aged 65 with 
four or five healthy factors had a life expectancy of 24.2 
years (95% confidence interval 22.8 to 25.5) and lived 
3.1 years more than women aged 65 with zero or one 
healthy factor (life expectancy 21.1 years, 19.5 to 22.4). 
These differences were also present in years lived with 
and without Alzheimer’s dementia. Of the total life 
expectancy at age 65, women with four or five healthy 
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factors spent 10.8% (2.6 years, 2.0 to 3.3) of their 
life expectancy with Alzheimer’s dementia, whereas 
women with zero or one healthy factor spent 19.3% 
(4.1 years, 3.2 to 5.1) with the disease. Life expectancy 
in women aged 65 without Alzheimer’s dementia with 
four or five healthy factors was 21.5 years (20.0 to 
22.7) and in those with zero or one healthy factor it 
was 17.0 years (15.5 to 18.3). For women aged 85, the 
differences in years lived with and without Alzheimer’s 
dementia were more notable. Those with four or five 
healthy factors had a life expectancy of 8.5 years (7.7 
to 9.4), of which 30.9% (2.6 years, 2.0 to 3.4) were 
lived with Alzheimer’s dementia, whereas women with 
zero or one healthy factor had a total life expectancy of 
7.2 years (6.3 to 8.1) and 60.3% (4.4 years, 3.4 to 5.4) 
were lived with Alzheimer’s dementia. Life expectancy 
in women aged 85 without Alzheimer’s dementia with 
four or five healthy factors was 5.9 years (4.8 to 6.8) 
and in those with zero or one healthy factor it was 2.9 
years (2.0 to 3.6).

Men aged 65 with four or five healthy factors had a 
total life expectancy of 23.1 years (21.4 to 25.6), which 
is 5.7 years more than men aged 65 with zero or one 
healthy behavior (life expectancy 17.4 years, 15.8 to 
20.1). Of the total life expectancy at age 65, men with 
four or five healthy factors spent 6.1% (1.4 years, 
0.3 to 2.0) of their life expectancy with Alzheimer’s 

dementia, and those with zero or one healthy behavior 
spent 12.0% (2.1 years, 0.2 to 3.0) with the disease. 
Life expectancy for men aged 65 without Alzheimer’s 
dementia with four or five healthy factors was 21.7 
years (19.7 to 24.9), and for those with zero or one 
healthy factor it was 15.3 years (13.4 to 19.1). At 
age 85, the proportion of life expectancy spent with 
Alzheimer’s dementia was 17.7% (1.5 years, 0.5 
to 2.1) in men with four or five healthy factors and 
46.0% (2.4 years, 0.3 to 3.3) in those with zero or 
one healthy factor. Life expectancy for men aged 85 
without Alzheimer’s dementia with four or five healthy 
factors was 6.8 years (5.3 to 9.3) and for those with 
zero or one healthy factor it was 2.8 years (1.6 to 6.1). 
Supplementary tables 2 and 3 show life expectancy 
estimates by age in women and men with four or five 
and zero or one healthy factors.

sensitivity analyses
The results of sensitivity analyses are presented in the 
supplementary material. Additional adjustment for 
body mass index and depressive symptoms did not 
change the strength or significance of the association 
between lifestyle score, Alzheimer’s dementia, and 
mortality in women and men. For example, for the 
risk of Alzheimer’s dementia the hazard ratio was 0.46 
(95% confidence interval 0.34 to 0.62) in women and 

table 1 | baseline characteristics of women and men in chicago Health and aging population (n=2449). Data are numbers (%) unless stated otherwise
Women: lifestyle score Men: lifestyle score

characteristics Overall (0-5)
0-1 healthy 
factor

2-3 healthy 
factors

4-5 healthy 
factors Overall (0-5)

0-1 healthy 
factor

2-3 healthy 
factors

4-5 healthy 
factors

No of participants (%) 1540 (100) 411 (26.7) 878 (57.0) 251 (16.3) 909 (100) 215 (23.7) 536 (59.0) 158 (17.3)
Demographics
Age (years), mean (SD) 76.2 (6.8) 77.7 (7.3) 76.1 (6.8) 73.8 (5.4) 75.8 (6.7) 76.6 (7.2) 76.0 (6.8) 74.0 (5.3)
Black or African American 884 (57.4) 283 (68.9) 519 (59.1) 82 (32.7) 505 (55.6) 160 (74.4) 297 (55.4) 48 (30.4)
Education (years), mean (SD) 12.5 (3.3) 11.4 (3.3) 12.5 (3.2) 14.2 (2.9) 12.6 (4.1) 10.7 (3.6) 12.7 (4.1) 15.0 (3.2)
Marital status
Single 85 (5.5) 25 (6.1) 44 (5.0) 16 (6.4) 42 (4.6) 9 (4.2) 26 (4.9) 7 (4.4)
Married 520 (33.8) 126 (30.7) 280 (31.9) 114 (45.4) 636 (70.0) 147 (68.4) 362 (67.5) 127 (80.4)
Divorced or separated 156 (10.1) 46 (11.2) 89 (10.1) 21 (8.4) 61 (6.7) 19 (8.8) 34 (6.3) 8 (5.1)
Widowed 778 (50.6) 214 (52.1) 464 (52.9) 100 (39.8) 170 (18.7) 40 (18.6) 114 (21.3) 16 (10.1)
Genetics
APOE ε4 carrier 502 (32.6) 143 (34.8) 280 (31.9) 79 (31.5) 307 (33.8) 80 (37.2) 175 (32.6) 52 (32.9)
Lifestyle factors
MIND diet, mean score (SD) 6.9 (1.6) 5.9 (1.1) 7.0 (1.5) 8.1 (1.4) 6.6 (1.6) 5.7 (1.1) 6.6 (1.6) 7.8 (1.5)
Late life cognitive activity, 
mean score (SD)

3.2 (0.7) 2.7 (0.6) 3.2 (0.7) 3.8 (0.4) 3.0 (0.7) 2.6 (0.6) 3.0 (0.6) 3.6 (0.5)

Physical activity (min/week), 
median (IQR)

50.0 (0.0-210.0) 0.0 (0.0-47.5) 55.5 (0.0-
201.9)

270.0 (176.2-
420.0)

120.0 (0.0-
330.0)

0.0 (0.0-63.8) 145.0 (10.0-
360.0)

312.5 (210.0-
555.6)

Current smoker 153 (9.9) 85 (20.7) 61 (6.9) 7 (2.8) 108 (11.9) 58 (27.0) 49 (9.1) 1 (0.6)
Alcohol consumption (g/day), 
mean (SD)

3.0 (6.5) 1.7 (6.1) 3.1 (6.5) 4.9 (6.9) 6.8 (12.8) 4.2 (13.7) 7.5 (13.2) 7.7 (8.9)

Lifestyle score 0-5, mean (SD) 2.3 (1.1) — — — 2.4 (1.2) — — —
Comorbidities
0 822 (53.4) 184 (44.8) 485 (55.2) 153 (61.0) 455 (50.1) 109 (50.7) 267 (49.8) 79 (50.0)
1 508 (33.0) 149 (36.3) 275 (31.3) 84 (33.5) 341 (37.5) 72 (33.5) 213 (39.7) 56 (35.4)
2 182 (11.8) 66 (16.1) 104 (11.8) 12 (4.8) 101 (11.1) 27 (12.6) 54 (10.1) 20 (12.7)
3-4 28 (1.8) 12 (2.9) 14 (1.6) 2 (0.8) 12 (1.3) 7 (3.3) 2 (0.4) 3 (1.9)
Others risk factors
Body mass index, mean (SD) 27.5 (6.1) 27.5 (6.8) 27.7 (6.0) 26.8 (4.8) 26.5 (4.7) 25.5 (5.2) 26.7 (4.5) 27.2 (4.4)
Depressive symptoms, mean 
CESD scale score (SD)

1.7 (2.1) 2.4 (2.4) 1.6 (1.9) 1.1 (1.7) 1.4 (1.9) 1.9 (2.1) 1.3 (1.8) 0.9 (1.5)

Comorbidities include heart disease, stroke, diabetes, and cancers. MIND diet score does not include the point from alcohol (wine) intake; that is, MIND diet without alcohol.
APOE=apolipoprotein E; CESD=Center for Epidemiologic Studies Depression; MIND=Mediterranean-DASH Diet Intervention for Neurodegenerative Delay.
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0.31 (0.20 to 0.48) in men with four or five healthy 
factors compared with those with zero or one healthy 
factor (supplementary table 4). The lifestyle score 
without alcohol scoring was associated with a lower 
risk of Alzheimer’s dementia and mortality. The results 
were similar to the primary analysis, although the 
strength of the relation with Alzheimer’s dementia 
was slightly weakened in women (0.49 vs 0.44) 
and men (0.34 vs 0.30; supplementary table 5 and 
supplementary fig 2). We did not observe significant 
differences in the average lifestyle score from 1993 

to 2009 (supplementary fig 3), and restricting our 
study population to participants enrolled in the cohort 
before 2000 showed similar results as the primary 
analysis; that is, a healthy lifestyle is associated with 
a lower risk of Alzheimer’s dementia and mortality 
(supplementary table 6).

When we excluded participants who fulfilled 
the criteria for diagnosis of Alzheimer’s dementia 
by NINCDS and ADRDA but had another condition 
that impaired cognition (eg, atypical dementia), 
the strength or the significance of the associations 
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Fig 1 | Overall life expectancy and life expectancy with and without alzheimer’s dementia according to categories of lifestyle score in women and 
men. a behavior was classified as low risk or healthy if it met several criteria: Mediterranean-DasH Diet intervention for neurodegenerative Delay—
MinD score (without alcohol) >7.5, corresponding to upper 40% of cohort distribution; cognitive activity score >3.43, corresponding to upper 40% of 
cohort distribution; not being a current smoker; moderate or vigorous exercise for ≥150 min/week; and light to moderate alcohol consumption (1-15 
g/day for women and 1-30 g/day for men)

table 2 | associations between healthy lifestyle score and risk of alzheimer’s dementia and mortality in women and men

transition

Women Men
number*; person 
years

lifestyle score 
(healthy factors) Hazard ratio (95% ci)

number*; person 
years

lifestyle score 
(healthy factors) Hazard ratio (95% ci)

Incident Alzheimer’s dementia 275; 8332 0-1 1 (reference) 164; 4715 0-1 1 (reference)
— 2-3 0.71 (0.59 to 0.87) — 2-3 0.70 (0.53 to 0.93)
— 4-5 0.44 (0.32 to 0.59) — 4-5 0.30 (0.19 to 0.47)

Mortality in participants without Alzheimer’s 
dementia 

787; 17 753 0-1 1 (reference) 527; 9626 0-1 1 (reference)
— 2-3 0.69 (0.62 to 0.77) — 2-3 0.57 (0.50 to 0.67)
— 4-5 0.56 (0.49 to 0.65) — 4-5 0.47 (0.39 to 0.57)

Mortality in participants with Alzheimer’s 
dementia

424; 2521 0-1 1 (reference) 260; 1321 0-1 1 (reference)
— 2-3 1.11 (0.99 to 1.24) — 2-3 0.83 (0.69 to 1.00)
— 4-5 1.31 (1.03 to 1.67) — 4-5 1.00 (0.73 to 1.39)

Models adjusted by age, race, marital status, education, apolipoprotein E ε4 and comorbidities. A behavior was classified as low risk (or healthy) if it met several criteria: Mediterranean-DASH 
Diet Intervention for Neurodegenerative Delay—MIND score (without alcohol) >7.5, corresponding to upper 40% of cohort distribution; cognitive activity score >3.43, corresponding to upper 40% 
of cohort distribution; not being a current smoker; moderate or vigorous exercise for ≥150 min/week; and light to moderate alcohol consumption (1-15 g/day for women and 1-30 g/day for 
men). Participants with Alzheimer’s dementia (transition 3: mortality in participants with Alzheimer’s dementia) include prevalent dementia at baseline (n=339) and incident dementia (n=439) 
during follow-up.
*Number refers to the number of events (Alzheimer’s dementia or death) during the follow-up for each transition.
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did not change (supplementary table 7). Overall, 
associations between lifestyle, Alzheimer’s dementia, 
and mortality were similar for white people and black 
or African American people; however, we noted a 
stronger association of lifestyle factors and risk of 
Alzheimer’s dementia in white people than in black 
or African American people (hazard ratio 0.26 vs 
0.37; supplementary table 8). The lifestyle score as 
a continuous variable was associated with a lower 
risk of Alzheimer’s dementia and mortality in women 
and men (supplementary table 9). When we excluded 
participants with missing or imputed data, the results 
were similar to the original analysis for associations of 
lifestyle score with risk of Alzheimer’s dementia and 
mortality (supplementary table 10) or life expectancy 
with and without Alzheimer’s dementia in women and 
men (supplementary fig 4).

discussion
This study provides quantitative data about the 
influence of lifestyle factors on life expectancy with 
and without Alzheimer’s dementia. Using data from 
a population based cohort study in the US, adherence 
to a healthy lifestyle was associated with a longer life 
expectancy and fewer years lived with Alzheimer’s 
dementia across the lifespan. On average, the total 
life expectancy at age 65 in women and men with 

four or five healthy factors was 24.2 and 23.1 years, of 
which 10.8% and 6.1% were spent with Alzheimer’s 
dementia. For women and men with zero or one healthy 
factor, life expectancy was shorter—21.1 and 17.4 
years—and more of their remaining life expectancy 
was spent with Alzheimer’s dementia (19.3% and 
12.0%, respectively). At age 85, these differences were 
even more notable. This investigation suggests that a 
prolonged life expectancy owing to a healthy lifestyle 
is not accompanied by an increased number of years 
living with Alzheimer’s dementia.

comparison with other studies
Adherence to a healthy lifestyle has been associated 
with a slower cognitive decline and a lower risk of 
Alzheimer’s dementia.2-6 Lifestyle factors are also 
predictors of longevity, and so adopting a healthy 
lifestyle could prolong life expectancy.7 8 With 
increasing life expectancy, more people will reach 
older ages when cognitive impairment and Alzheimer’s 
dementia become increasingly common,9 10 questioning 
the long term consequence of lifestyle interventions on 
Alzheimer’s dementia. Acknowledging the influence 
of lifestyle on Alzheimer’s dementia (morbidity) 
and longevity (mortality), we used a multistate life 
expectancy analysis that considers morbidity (eg, 
Alzheimer’s dementia) and mortality, and provides 
estimates on years lived with and without the 
disease.7  8  28-33 We reported that a healthy lifestyle is 
associated with a longer life expectancy and most of 
these years were lived free of Alzheimer’s dementia. 
Years lived free from Alzheimer’s dementia are 
estimated based on the risk of incident dementia and 
mortality in those without dementia. We observed that 
a healthy lifestyle is associated with a lower risk of 
Alzheimer’s dementia and mortality, suggesting that 
the event of dementia could be postponed in older 
ages and people will live longer, which ultimately 
will contribute to increased years lived free from 
Alzheimer’s dementia. The number of years lived with 
Alzheimer’s dementia is a result of mortality risk among 
participants living with dementia. We did observe an 
increased risk of mortality in women with dementia, 
and no significant association in men, suggesting that 
after the event of dementia, fewer years are expected to 
be lived with Alzheimer’s dementia in people with four 
or five healthy behaviors. Life expectancy estimates are 
also helpful for health professionals to estimate future 
healthcare costs and to plan for healthcare needs.

Studies that estimate life expectancy with and 
without Alzheimer’s dementia according to adherence 
to lifestyle factors seem to be lacking. Most of the 
studies in the literature have focused on calculating 
the overall life expectancy lived with dementia,38-40 
and only a few studies have examined the role of risk 
factors, such as educational attainment or genetic risk 
(defined by the presence of the APOE ε4 allele).33 41 
Specifically, a study in the US (Seattle, Washington) 
using a Markov model to estimate life expectancy 
with and without dementia showed that people with 
higher educational attainment have an increased life 
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Fig 2 | proportion of life expectancy spent with alzheimer’s dementia according to 
categories of lifestyle score in women and men. proportion is computed by dividing 
life expectancy lived with alzheimer’s dementia by total life expectancy at a given age 
(supplementary tables 2 and 3). a behavior was classified as low risk or healthy if it met 
several criteria: Mediterranean-DasH Diet intervention for neurodegenerative Delay—
MinD score (without alcohol) >7.5, corresponding to upper 40% of cohort distribution; 
cognitive activity score >3.43, corresponding to upper 40% of cohort distribution; not 
being a current smoker; moderate or vigorous exercise for ≥150 min/week; and light to 
moderate alcohol consumption (1-15 g/day for women and 1-30 g/day for men)
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expectancy without dementia and a greater percentage 
of life expectancy lived without dementia.41 A similar 
investigation from Europe (Rotterdam, Netherlands) 
confirmed that people with primary education 
spent more time of their remaining life expectancy 
with dementia than those with higher education.33 
Additionally, this study showed that the presence of 
the APOE ε4 allele was associated with an increased 
number of years living with dementia in women and 
men.33 In this study, we controlled regression models 
for education and the APOE ε4 allele and focused 
our investigation on modifiable risk factors, such as 
lifestyle factors.

Consistent with our sex difference findings, a 
previous study found that women have a higher life 
expectancy than men and a higher percentage of life 
expectancy lived with dementia.41 Sex differences in 
the prevalence and incidence of Alzheimer’s dementia 
are recognized by the research community.42 43 In 
particular, a recently published study focusing on 
sex differences in dementia risk showed that while 
vascular, lifestyle, and psychosocial risk factors might 
have a similar effect on women and men, women had 
a higher risk of dementia after reaching age 80.44 
Therefore, our study supports the hypothesis that a 
higher life expectancy in women could be a potential 
explanation for seeing more women than men living 
with dementia. However, further research is required 
to better understand sex differences in Alzheimer’s 
dementia risk.

strengths and limitations of study
The strengths of our study are a population based 
design, long term follow-up, and accurate diagnosis 
of Alzheimer’s dementia through structured clinical 
neurological evaluations with neuropsychological 
testing. Our study has several limitations. Firstly, 
adherence to lifestyle factors was determined at 
baseline and not updated during the follow-up because 
we think that lifestyle changes could be attributed to 
cognitive impairment (eg, reverse causality) as the 
population ages. Secondly, the proportion of people 
with an unhealthy lifestyle could be underestimated 
in our study because people with poor health are 
less likely to participate in research studies (healthy 
volunteers effect), or due to their overall health, 
they might have died before having the opportunity 
to participate in our study (survival bias). Thirdly, 
assessments of lifestyle factors were based on self-
report and could be prone to measurement error, 
although these questionnaires were validated.18 45 
Fourthly, the life expectancy estimates provided in this 
study should not be generalized to other populations 
without additional research and validation.

Fifthly, the study population included in this 
analysis consisted of people recruited from 1993 to 
2009. We adjusted for the calendar year when lifestyles 
were assessed and repeated analysis in those recruited 
before 2000; however, cohort effects might still impact 
our estimates. The cohort effect could be significant 
in dementia research, recognizing that dementia 

incidence and prevalence change over time, like any 
other non-communicable chronic disease. Finally, our 
estimates are based on observation data, and do not 
imply causal inferences.

conclusion and public health implications
A healthy lifestyle was associated with a longer life 
expectancy among men and women, and with a larger 
proportion of remaining years lived without Alzheimer’s 
dementia. The life expectancy estimates presented here 
could help health professionals, policy makers, and 
stakeholders to plan future healthcare services, costs, 
and needs.
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