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Abstract
Objective
To investigate whether cognitive and physical activities in midlife are associated with reduced
risk of dementia and dementia subtypes in women followed for 44 years.

Methods
A population-based sample of 800 women aged 38–54 years (mean age 47 years) was followed
from 1968 to 2012. Cognitive (artistic, intellectual, manual, religious, and club) and physical
activity were assessed at baseline. During follow-up, dementia (n = 194), Alzheimer disease (n =
102), vascular dementia (n = 27), mixed dementia (n = 41), and dementia with cerebrovascular
disease (n = 81) were diagnosed according to established criteria based on information from
neuropsychiatric examinations, informant interviews, hospital records, and registry data. Cox
regression models were used with adjustment for age, education, socioeconomic status, hy-
pertension, body mass index, cigarette smoking, diabetes mellitus, angina pectoris, stress, and
major depression.

Results
We found that cognitive activity in midlife was associated with a reduced risk of total dementia
(hazard ratio [HR] 0.66; 95% confidence interval [CI] 0.49–0.89) and Alzheimer disease (HR
0.54; 95% CI 0.36–0.82) during follow-up. Physical activity in midlife was associated with
a reduced risk of mixed dementia (HR 0.43; 95% CI 0.22–0.86) and dementia with cerebro-
vascular disease (HR 0.47; 95% CI 0.28–0.78). The results were similar after excluding those
who developed dementia before 1990 (n = 21), except that physical activity was then also
associated with reduced risk of total dementia (HR 0.67; 95% CI 0.46–0.99).

Conclusion
Our findings suggests that midlife cognitive and physical activities are independently associated
with reduced risk of dementia and dementia subtypes. The results indicate that these midlife
activities may have a role in preserving cognitive health in old age.
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Several longitudinal studies report that cognitive1–4 and
physical activity3,5,6 may reduce the risk of dementia. Others
have not confirmed these findings.1,2,4 Most studies have
a high mean age at baseline and a short observation time. Low
levels of cognitive and physical activities may thus be a con-
sequence of preclinical dementia in studies with short fol-
low-up.7

Among long-term follow-up studies, a prospective co-twin
control study on male twin pairs, followed over 20 years,
showed that midlife cognitive activity was associated with
a 26% risk reduction for dementia. However, midlife physical
activity did not modify dementia risk.8 The PAQUID study
showed that engagement in both physical and cognitive ac-
tivity reduced risk of dementia over a 20-year follow-up.
However, none of the studies investigated the activities in
relation to other dementia subtypes than Alzheimer disease
(AD).8,9

It was recently reported that cardiovascular fitness in midlife
was associated with decreased risk of dementia among 191
women followed over 44 years.10 Other studies with long
observation time reported an association between physical
activity and reduced risk of dementia,11–14 while a study with
a 27-year follow-up did not.15 However, the ascertainment of
dementia in the latter study was based on electronic health
records and did not include dementia subtypes. None of the
mentioned studies examined the independent effects of
physical and cognitive activity on dementia risk.

We used data from the Prospective Population study of
Women with 44 years of follow-up to investigate the role of
midlife cognitive and physical activity on risk of late-life de-
mentia disorders. In separate analyses, we excluded those who
developed dementia during the first 22 years to minimize the
possibility that associations were due to preclinical dementia.

Methods
As part of the Gothenburg H70 Birth Cohort Studies, we
examined incidence of dementia in the Prospective Pop-
ulation Study of Women in Gothenburg, Sweden. In
1968–1969, a systematically selected sample of 899 women
(participation rate 89%) aged 38, 46, 50, and 54 years (mean
age 47 years) were invited to a health examination that in-
cluded both physical and psychiatric investigations.16 The
women were selected from the Swedish Population Registry
based on specific birth dates to yield a representative sam-
ple.16 There were no differences in age, socioeconomic status
(SES), work outside the home, or history of contact with

mental health services among those who participated at
baseline in 1968 (n = 800) compared to nonparticipants (n =
99).17

After the first examination at baseline in 1968–1969, par-
ticipants were re-examined in relation to dementia in
1974–1975 (n = 677), 1980–1981 (n = 629), 1992–1993
(n = 371), 2000–2001 (n = 363), 2005–2006 (n = 299), and
2009–2010 (n = 269). Response rates among survivors
were 85% in 1974–1975, 73% in 1980–1981, 67% in
1992–1993, 73% in 2000–2001, 75% in 2005–2006, and
67% in 2009–2010. Dementia diagnoses were also collected
from the Swedish Hospital Discharge Registry for all in-
dividuals discharged from hospitals on a nationwide basis
from 1978 to 2012.

Standard protocol approvals, registrations,
and patient consents
The Ethics Committee for Medical Research at the University
of Gothenburg approved the study and all participants gave
informed consent to participate according to the Helsinki
declaration.

Cognitive activity
Five cognitive activities were assessed during semi-structured
psychiatric interviews: intellectual, artistic, manual, club, and
religious. The frequency of each activity was rated as no/low
(score 0), moderate (score 1), or high (score 2). None/low
was rated when the women did not participate in any of the
different activities described above. A moderate degree of
intellectual activity included for example reading a book
during the last 6 months, while a high degree was exemplified
with reading more books or writing. A moderate degree of
artistic activity included visiting a concert, theatre, or an art
exhibition during the last 6 months, while a high degree of
activity included more frequent visits, playing an instrument,
singing in a choir, or painting. A moderate degree of manual
activity included for example needlework in last 6 months or
gardening during the last year, whereas a high degree involved
several interests or frequent activities. A moderate degree of
club activity included for example having a membership, while
a high degree of activity meant having a board membership. A
moderate degree of religious activity included church atten-
dance at least a few times during the last year and a high
degree included church attendance at least 12 times during
the last year.

The cognitive activities were assembled to a sum score based
on the frequency level (score 0–2), as described above. The
sum score was dichotomized as 0–2 vs 3–10 based on the
median of engagement.

Glossary
AD = Alzheimer disease;CVD = cerebrovascular disease;DSM-III-R =Diagnostic and Statistical Manual of Mental Disorders, 3rd
edition, revised; SES = socioeconomic status; VaD = vascular dementia.
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Physical activity
The participants were interviewed regarding their levels of
physical activity using the Saltin-Grimby Physical Activity
Level Scale. This scale has shown predictive validity in relation
to cardiovascular risk factors.18 Based on this measure, the
women were assigned to 4 groups. Group 1 was completely
inactive, for example at most watching television and going to
the movies. Group 2 engaged in light physical activity for
a minimum of 4 h/wk, such as walking, gardening, bowling, or
cycling for half an hour a day. Group 3 had regular physical
training, such as running, tennis, or swimming, for at least 2–3
h/wk. Group 4 had regular–intense physical training such as
heavy exercise, for example running or swimming several
times/week, or engaging in competitive sports.

Physical activity was dichotomized as inactive (group 1) vs
active (group 2–4) based on the distribution of engagements.

Neuropsychiatric examination
Neuropsychiatric examinations were performed by psychia-
trists in 1968–1969, 1974–1975, 1980–1981, and 1992–1993,
and by experienced psychiatric research nurses in 2000–2003,
2005–2006, and 2009–2010. The examinations were semi-
structured and included comprehensive psychiatric examina-
tions and an extensive battery of neuropsychological tests.19

Close informant interviews were performed by psychiatric
nurses in 1992–1993, 2000–2003, 2005–2006, and
2009–2010. The interviews were semi-structured and com-
prised questions about changes in behavior and intellectual
function, psychiatric symptoms, activities of daily living, and
in cases of dementia, age at onset and disease course.20

Diagnosis of dementia
The diagnosis of dementia at each examination was based on
the criteria in the DSM-III-R, using information from neu-
ropsychiatric examinations and close informant interviews, as
described in detail previously.20,21 Dementia diagnoses for
individuals lost to follow-up were based on information
obtained from the Swedish Hospital Discharge Registry
1978–2012.19 These diagnoses had to be compatible with
DSM-III-R criteria.

AD was diagnosed according to the criteria of the National
Institute of Neurologic and Communicative Disorders and
Stroke and the Alzheimer’s Disease and Related Disorders
Association (NINCDS-ADRDA).22 Vascular dementia
(VaD) was diagnosed with criteria similar to those outlined by
the National Institute of Neurological Disorders and Stroke
and the Association Internationale pour la Recherce et l’En-
seignement en Neurosciences (NINDS-AIREN), as de-
scribed previously.23 VaD was diagnosed when there was
a temporal relationship (within 1 year) between a history of
acute focal neurologic symptoms and signs (hemiparesis or
motor aphasia) and the first symptoms of dementia. Mixed
dementia was diagnosed when both AD and cerebrovascular
disease (CVD) were judged to contribute to dementia. We
also created a group “dementia with CVD,” which included

individuals with dementia and stroke without considering the
temporal relationship between the occurrence of dementia
and stroke. Practically, this group includes VaD, mixed de-
mentia, and AD with CVD.19

Age at onset was determined based on information provided
by close informants, the hospital discharge register, and the
examinations. If no information could be obtained from these
sources, the age at onset was determined as the midpoint
between the last examination free from dementia and the first
with a dementia diagnosis.

Potential confounders
Information on potential confounders was obtained at the
examination in 1968–1969 (education, SES, hypertension,
smoking, diabetes mellitus, angina pectoris, psychological
stress, major depression). Education was dichotomized as
compulsory (6 years for those born in 1908–1922 and 7 years
for those born in 1930) vs more than that. SES was based on
husband’s occupation for married women and own occupa-
tion for unmarried women and was defined as high (upper
middle class and above), medium (lower middle class), and
low (working class).24 Hypertension was defined as systolic
blood pressure ≥160 mm Hg or diastolic blood pressure
≥95 mm Hg, or taking antihypertensive medications. Body
mass index was calculated as kg/m2 and categorized according
to international standards. Current cigarette smoking was
defined as number of cigarettes per day. Diabetes mellitus was
defined as a diagnosis confirmed by a doctor, being on anti-
diabetes drugs, or having 2 fasting blood glucose values of 7.0
mmol/L or more. Angina pectoris was defined according to
the Rose criteria. Psychological stress was defined as frequent
symptoms of stress symptoms, such as tension, nervousness,
and sleep disturbance (≥1 month), and diverted in 2 groups:
no/occasional stress vs frequent/constant stress. Major de-
pressive episode was diagnosed according to the DSM-
III-R.21

Statistical analysis
Sociodemographic and health characteristics are presented as
numbers, mean and median values, SD, and interquartile
range. The association between midlife cognitive and physical
activity and incidence of dementia disorders was analyzed by
Cox regression models. The associations are presented as
hazards ratios and 95% confidence intervals in 3 models. The
proportional hazard assumption was met for all Cox re-
gression models.

The first model (model 1) analyzed cognitive and physical
activity separately and was adjusted for age. The second
model (model 2) included age and both activities simulta-
neously. The third model (model 3) included age, both ac-
tivities, and relevant covariates. To select relevant covariates
for model 3, a primary analysis was performed, where each
potential confounder was analyzed in relation to dementia
disorders using age and cognitive and physical activity as
confounders. The covariates that were not significantly related
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to dementia disorders were omitted (using p < 0.3 to include
covariates that might affect the studied associations, even if
these were not formally statistically significantly associated
with the factor). The covariates used in model 3 were SES and
cigarette smoking for total dementia; major depression and
SES for AD; SES and hypertension for VaD; education,
smoking cigarettes, and hypertension for mixed dementia;
and education, SES, smoking cigarettes, and hypertension for
dementia with CVD.

In addition, to investigate a potential dose–response relation-
ship among the significant associations between cognitive and
physical activity and dementia disorders, sensitivity analyses
were performed using Cox regression models. These analyses
included dementia disorders, age, and relevant covariates (as
described above). Cognitive activity was divided into 4 quartiles
(both in contrast tests with first quartile as reference, and test of
linear associations by quartiles) and physical activity divided
into 3 tertiles (both in contrast tests with the first tertile as
reference, and in tests of linear associations by tertiles).

Finally, sensitivity analyses were performed with the exclusion
of those who developed dementia before 1990 (22 years after
baseline) to minimize the possibility of reverse causation,
i.e., that findings would be caused by preclinical dementia.
The cutoff is based on previously published studies that report
a possible occurrence of preclinical dementia 20–30 years
before dementia onset.7,15

Time at risk for women who did not develop dementia was
calculated from the date of the baseline examination to (1) the
date of the last follow-up examination for participants in 2009;
(2) the date of death for those who died during follow-up; or
(3) December 31, 2012, for surviving drop-outs. For women
who developed dementia, time at risk was calculated from the
date of the baseline examination to the estimated year of
dementia onset.

Data availability statement
Any data not published within the article are available from
the corresponding author on reasonable request.

Results
Sociodemographic factors, health characteristics, and levels of
leisure cognitive and physical activity at baseline in 1968 are
presented in table 1. The sum score of cognitive activities
demonstrated a Poisson distribution with the peak of activity
at sum score 2 (21.0%) and 3 (19.4%). The distribution of
physical activity over the 4 groups shows that the majority of
the women (70.0%) were physically active on a regular basis
(group 2), and a minority (12.0%) had regular–intense
physical training (group 3 and 4).

From 1968 to 2012 (mean follow-up 44 years, SD 9.8), 194
(24.3%) women developed dementia during 26,322 person-years

Table 1 Sociodemographic and health characteristics,
cognitive engagement, and physical activity of
women at baseline in 1968

Baseline characteristics
All participants
(n = 800)

Age, y, mean ± SD 47.2 ± 4.5

Education (more than compulsory), % 28.9

Socioeconomic status (high), % 60.0

Family yearly income (kSEK), median ± IQR 41.4 ± 25.4

Body mass index, mean ± SD 24.2 ± 3.7

Systolic blood pressure, mm Hg, mean ± SD 133.4 ± 21.5

Diastolic blood pressure, mm Hg, mean ± SD 85.6 ± 10.6

Hypertension, % 20.8

Smoking, cig./d, mean ± SD 4.3 ± 6.5

Diabetes, % 0.5

Angina pectoris, % 0.5

Stress (score 3–5) , % 18.6

Major depression, % 7.5

Specific cognitive activities (score 1–2), %

Intellectual 50.2

Artistic 43.0

Manual 82.4

Club 19.9

Religious 18.6

Sum score of cognitive activity, %

Score 0 5.8

Score 1 17.0

Score 2 21.0

Score 3 19.4

Score 4 14.1

Score 5 9.4

Score 6 5.8

Score 7 4.6

Score 8 1.8

Score 9 0.5

Score 10 0.1

Physical activity, %

Group 1 17.1

Group 2 70.0

Group 3–4 12.0

Abbreviation: IQR = interquartile range.
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of follow-up, including 102 (52.6%) with AD, 27 (13.9%)
with VaD, 41 (21.1%) with mixed dementia, and 14 (7.2%)
with other dementias. In total, 81 (41.8%) of those who de-
veloped dementia had dementia with CVD. The mean time
from the baseline examination in 1968 to dementia onset was
31.5 years (SD 7.7) (21 had dementia onset before 1990).
Mean age at dementia onset was 79.8 years (SD 7.7). The
number of participants who died during follow-up was 596
(74.5%). Mean age at death was 80.0 years (SD 9.5).

As can be seen in table 2, midlife cognitive activities were
associated with a reduced risk of total dementia and AD in all
3 models.

Table 3 shows that midlife physical activity was associated
with a reduced risk of mixed dementia and dementia with
CVD in all 3 models.

Further analyses were conducted to investigate possible linear
associations (table 4). A decreased risk of total dementia and
AD was found for the third and fourth quartile of cognitive
activity. A similar linear association was found for physical
activity and mixed dementia. However, no such association
was found between physical activity and dementia with CVD.

Finally, sensitivity analyses with exclusion of those who de-
veloped dementia before 1990 (n = 21) showed similar
results, except that in these analyses physical activity was also
associated with reduced risk of total dementia in all 3 models
(table 5). Included in the analysis were 174 women who
developed dementia during the 26,014 person-years of follow-
up, and 93 women were diagnosed with AD, 25 with VaD, 34
with mixed dementia, and 72 with dementia with CVD.

Discussion
We found that higher cognitive and physical activity in midlife
were independently related to reduced risk of dementia

disorders in a population sample of women followed over 44
years. Cognitive activity in midlife reduced the risk of AD,
while physical activity reduced the risk of mixed dementia and
dementia with CVD. None of the activities was related to the
incidence of VaD.

Our finding that midlife cognitive activities were related to
reduced incidence of dementia is similar to several studies
conducted among older persons with shorter follow-ups (3–7
years)1–4 and 2 studies with longer follow-up (20–40
years).8,9 Regarding physical activity, results from previous
prospective studies are inconsistent. Three studies with
shorter follow-ups (3–7 years) conducted among older peo-
ple reported that physical activity reduced the risk of AD,3,5,6

while 3 studies did not find a relationship.1,2,4 Studies on
physical activity with long follow-ups (more than 15 years)
reported that physical activity was associated with reduced
risk of dementia and AD,11–14 with the exception of 2 recent
studies.8,15 Reasons for discrepancies could be that one study
was a twin study with rigorous control for genetics and early
life exposures,8 and the other used electronic health records
for the diagnosis of dementia, which might miss true cases of
dementia.15 In relation to this, the CAIDE study14 found an
association between midlife physical activity and dementia,
when dementia diagnoses were based on clinical examina-
tions, but no association when diagnoses were based on
electronic health records.14 None of the long-term studies
reported on whether physical and cognitive activities were
independently related to dementia. In contrast, we found no
association between physical activity and AD, but physical
activity did reduce risk of mixed dementia and dementia with
CVD. Our finding that midlife physical activity reduces risk of
dementia in late life is also consistent with the findings that
better lung function in midlife and midlife cardiovascular fit-
ness are related to reduced risk of dementia.10,19

A possible explanation for our findings may be that midlife
cognitive activity increases cognitive reserve. Two kinds of

Table 2 Hazard ratios (95% confidence intervals) for dementia disorders in relation to cognitive activity presented in 3
models

Dementia disorder Model 1 Model 2 Model 3

Total dementia 0.70 (0.52–0.93) 0.70 (0.52–0.93) 0.66 (0.49–0.89)a

Alzheimer disease 0.58 (0.39–0.86) 0.58 (0.39–0.86) 0.54 (0.36–0.82)b

Vascular dementia 0.97 (0.44–2.14) 0.97 (0.44–2.14) 0.98 (0.44–2.17)c

Mixed dementia 0.73 (0.39–1.36) 0.73 (0.39–1.35) 0.99 (0.52–1.87)d

Dementia with CVD 0.77 (0.49–1.20) 0.77 (0.49–1.20) 0.95 (0.60–1.50)e

Abbreviation: CVD = cerebrovascular disease.
Model 1: adjusted for age. Model 2: adjusted for age and physical activity. Model 3: adjusted for age, physical activity, and relevant covariates.
a Adjusted for smoking cigarettes, socioeconomic status.
b Adjusted for major depression, socioeconomic status.
c Adjusted for socioeconomic status, hypertension.
d Adjusted for education, smoking cigarettes, hypertension.
e Adjusted for education, socioeconomic status, smoking cigarettes, hypertension.
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reserve are suggested to compensate for brain damage: brain
reserve and cognitive reserve.25 Brain reserve is a quantitative
model, such as brain size and neuronal count, while cognitive

reserve refers to how flexible and efficiently one can make use
of available brain reserve.25 According to the cognitive reserve
model, individuals with higher cognitive reserve require greater
decrease in cortical thickness, lower levels of amyloid peptides
in CSF, and greater regional atrophy before clinical symptom
appears.25 In support of this, the Nun Study reported that
intelligence early in life, measured as linguistic ability, was as-
sociated with reduced risk of dementia half a century later.26 An
autopsy study reported that greater early–midlife participation
in cognitive activities might prevent or slow the deposition of
β-amyloid and thusmay delay the onset and progression of AD,
while there was no association with physical activity.27 The
association between physical activity and cardiovascular risk
factors and stroke may explain the benefits from physical ac-
tivity on the reduced incidence of mixed dementia and de-
mentia with CVD. Our results showed no relationship between
physical activity and VaD. However, the associations moved in
the same direction. One reason for this result may be the low
statistical power, as we had few cases of VaD.

Despite our long period of follow-up, it cannot be completely
ruled out that low cognitive and physical activities are mani-
festations of very early pathologic processes in dementia
disorders. Our measures of cognitive and physical activities
were made 24–40 years before onset of dementia, and are thus
on the borderline of the first possible pathologic processes of
dementia. To elucidate this issue, a sensitivity analysis was
conducted with the exclusion of those who developed de-
mentia before 1990 (22 years after baseline). The associations
remained unchanged, except that the association between
physical activity and dementia became stronger.

Among the strengths of the study are the representative,
systematically selected, and well-characterized population
sample of women, the long observation period, and the low
baseline age among the participants. In addition, psychiatrists
or psychiatric nurses performed psychiatric examinations and
multiple sources of information were used to detect and di-
agnose dementia.

Table 3 Hazard ratios (95% confidence intervals) for dementia disorders in relation tophysical activity presented in 3models

Dementia disorder Model 1 Model 2 Model 3

Total dementia 0.70 (0.49–1.02) 0.70 (0.49–1.02) 0.72 (0.50–1.04)a

Alzheimer disease 0.97 (0.55–1.70) 0.97 (0.55–1.70) 0.96 (0.54–1.69)b

Vascular dementia 0.65 (0.24–1.72) 0.65 (0.24–1.72) 0.72 (0.27–1.93)c

Mixed dementia 0.42 (0.21–0.82) 0.42 (0.21–0.82) 0.43 (0.22–0.86)d

Dementia with CVD 0.45 (0.27–0.75) 0.45 (0.27–0.74) 0.47 (0.28–0.78)e

Abbreviation: CVD = cerebrovascular disease.
Model 1: adjusted for age. Model 2: adjusted for age and cognitive activity. Model 3: adjusted for age, cognitive activity, and relevant covariates.
a Adjusted for smoking cigarettes, socioeconomic status.
b Adjusted for major depression, socioeconomic status.
c Adjusted for socioeconomic status, hypertension.
d Adjusted for education, smoking cigarettes, hypertension.
e Adjusted for education, socioeconomic status, smoking cigarettes, hypertension.

Table 4 Hazard ratios (HRs) (95% confidence intervals [CIs])
for dose–response relationship between cognitive
and physical activity and dementia disorders

Dementia disorder HR (95% CI)

Total dementiaa

Cognitive activity

2nd quartile vs 1st quartile 1.05 (0.69–1.58)

3rd quartile vs 1st quartile 0.77 (0.52–1.15)

4th quartile vs 1st quartile 0.66 (0.42–1.03)

Alzheimer diseaseb

Cognitive activity

2nd quartile vs 1st quartile 1.21 (0.69–2.12)

3rd quartile vs 1st quartile 0.78 (0.45–1.35)

4th quartile vs 1st quartile 0.55 (0.27–1.10)

Mixed dementiac

Physical activity

2nd tertile vs 1st tertile 0.46 (0.23–0.92)

3rd tertile vs 1st tertile 0.27 (0.08–0.97)

Dementia with CVDd

Physical activity

2nd tertile vs 1st tertile 0.48 (0.28–0.80)

3rd tertile vs 1st tertile 0.42 (0.19–0.94)

Abbreviation: CVD = cerebrovascular disease.
a Adjusted for smoking cigarettes, socioeconomic status.
b Adjusted for major depression, socioeconomic status.
c Adjusted for education, smoking cigarettes, hypertension.
d Adjusted foreducation, socioeconomicstatus, smoking cigarettes,hypertension.
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Limitations of the study also need to be addressed. First,
cumulative attrition is a problem in long-term follow-up
studies. Although this issue was partly alleviated by using
medical records and the hospital registry to diagnose de-
mentia in those lost to follow-up, these sources underestimate
the number of dementia cases. It should be noted that almost
all people in Sweden receive their hospital treatment within
the public health care system and that the Swedish Hospital
Discharge Register covers the entire country. Furthermore,
the incidence of dementia in this study is similar to what has
been reported in previous studies.28 Second, in a long period
of follow-up as in our study, the competing risk of death may
have affected the results. The use of risk time in the Cox
regressions partly accounts for this. Third, we assessed cog-
nitive and physical activity only at baseline. However, midlife
cognitive and physical activities tend to continue into old
age,29 and may thus indirectly reflect late-life activities.
Moreover, cognitive benefits obtained from cognitive activi-
ties, once established, may remain relatively stable with age.29

Fourth, the reliability of the assessment of cognitive activity is
not known. However, the measure could be regarded as
having satisfactory long-term predictive validity, as the results
agree with most other similar studies, and because cognitive
activity was specifically related to AD but not to other

dementia subtypes. Fifth, all members of the sample are
women, Caucasian, and living in Sweden, thereby limiting the
possibility to generalize to other populations, and to men.
Sixth, we used a rather crude assessment for educational level.
However, the variance in education was small, thus more than
70% of the population only had 6–7 years of compulsory
education. Seventh, we cannot exclude the possibility that
persons with high cognitive reserve engage more in cognitive
activities than other persons. However, to account for this, we
controlled for education in the analyses.

We found that higher levels of cognitive and physical activity
in midlife were independently associated with reduced risk of
dementia and dementia subtypes in late life. Cognitive activity
primarily reduced incidence of AD, while physical activity
reduced the incidence of mixed dementia and dementia with
CVD. The results indicate that activities in midlife might play
a role in the prevention of late-life dementia.
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Table 5 Hazard ratios (95% confidence intervals) for cognitive and physical activity in relation to dementia disorders,
presented in model 1 to model 3, with exclusion of women with dementia onset before 1990

Dementia disorder Model 1 Model 2 Model 3

Total dementia

Cognitive activity 0.70 (0.52–0.95) 0.70 (0.52–0.95) 0.72 (0.53–0.98)a

Physical activity 0.67 (0.45–0.99) 0.70 (0.52–0.95) 0.67 (0.46–0.99)a

Alzheimer disease

Cognitive activity 0.60 (0.40–0.90) 0.60 (0.40–0.90) 0.57 (0.37–0.87)b

Physical activity 0.93 (0.52–1.68) 0.93 (0.52–1.68) 0.91 (0.50–1.64)b

Vascular dementia

Cognitive activity 0.82 (0.36–1.85) 0.81 (0.36–1.84) 0.87 (0.38–1.96)c

Physical activity 0.73 (0.25–2.14) 0.73 (0.25–2.13) 0.87 (0.29–2.56)c

Mixed dementia

Cognitive activity 0.69 (0.35–1.37) 0.69 (0.35–1.36) 0.98 (0.48–1.96)d

Physical activity 0.34 (0.17–0.71) 0.34 (0.17–0.71) 0.35 (0.17–0.73)d

Dementia with CVD

Cognitive activity 0.71 (0.44–1.34) 0.70 (0.44–1.13) 0.89 (0.55–1.44)e

Physical activity 0.42 (0.25–0.71) 0.42 (0.25–0.71) 0.44 (0.25–0.74)e

Abbreviation: CVD = cerebrovascular disease.
Model 1: adjusted for age. Model 2: adjusted for cognitive and physical activity. Model 3: adjusted for age, cognitive and physical activity, and relevant
covariates.
a Adjusted for smoking cigarettes, socioeconomic status.
b Adjusted for major depression, socioeconomic status.
c Adjusted for socioeconomic status, hypertension.
d Adjusted for education, smoking cigarettes, hypertension.
e Adjusted for education, socioeconomic status, smoking cigarettes, hypertension.
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dation, Stiftelsen Söderström-Königska Sjukhemmet, Stiftel-
sen för Gamla Tjänarinnor, Handlanden Hjalmar Svenssons
Forskningsfond, and IRIS Stipendium.

Disclosure
The authors report no disclosures relevant to the manuscript.
Go to Neurology.org/N for full disclosures.

Publication history
Received by Neurology May 1, 2018. Accepted in final form November
14, 2018.

References
1. Verghese J, Lipton RB, Katz MJ, et al. Leisure activities and the risk of dementia in the

elderly. N Engl J Med 2003;348:2508–2516.
2. Wang HX, Karp A, Winblad B, et al. Late-life engagement in social and leisure

activities is associated with a decreased risk of dementia: a longitudinal study from the
Kungsholmen projekt. Am J Epidemiol 2002;155:1081–1087.

3. Scarmeas N, Levy G, Tang MX, Manly J, Stern Y. Influence of leisure activity on the
incidence of Alzheimer’s disease. Neurology 2001;57:2236–2242.

4. Wilson RS, Bennett DA, Bienias JL, et al. Cognitive activity and incident
AD in a population-based sample of older persons. Neurology 2002;59:
1910–1914.

5. Buchman AS, Boyle PA, Yu L, Shah RC, Wilson RS, Bennett DA. Total daily physical
activity and the risk of AD and cognitive decline in older adults. Neurology 2012;78:
1323–1329.

6. Podewils LJ, Guallar E, Kuller LH, et al. Physical activity, APOE genotype, and
dementia risk: findings from the Cardiovascular Health Cognition Study. Am J Epi-
demiol 2005;161:639–651.

7. Elias MF, Beiser A,Wolf PA, Au R,White RF, D’Agostino RB. The preclinical phase of
Alzheimer disease: a 22-year prospective study of the Framingham Cohort. Arch
Neurol 2000;57:808–813.

8. Carlson MC, Helms MJ, Steffens DC, Burk JR, Potter GG, Plassman BL. Midlife
activity predicts risk of dementia in older male twin pairs. Alzheimers Dement 2008;4:
324–331.

9. Marioni RE, Proust-Lima C, Amieva H, et al. Social activity, cognitive decline and
dementia risk: a 20-year prospective cohort study. BMC Public Health 2015;15:1089.

10. Hörder H, Johansson L, Guo X, et al. Midlife cardiovascular fitness and de-
mentia: a 44-year longitudinal population study in women. Neurology 2018;90:
e1298–e1305.

11. Andel R, Crowe M, Pedersen NL, et al. Physical exercise at midlife and risk of
dementia three decades later: a population-based study of Swedish twins. J Gerontol A
Biol Sci Med Sci 2008;63:62–66.

12. Rovio S, Kåreholt I, Helkala EL, et al. Leisure-time physical activity at midlife and the
risk of dementia and Alzheimer’s disease. Lancet Neurol 2005;4:705–711.

13. Kishimoto H, Ohara T, Hata J, et al. The long-term association between physical
activity and risk of dementia in the community: the Hisayama Study. Eur J Epidemiol
2016;31:267–274.

14. Tolppanen AM, Solomon A, Kulmala J, et al. Leisure-time physical activity from mid-
to late life, body mass index, and risk of dementia. Alzheimers Dement 2015;11:
434–e6.

Appendix Authors

Name Location Role Contribution

Jenna Najar The
Sahlgrenska
Academy at
Gothenburg
University,
Mölndal,
Sweden

Corresponding
author

Acquisition of
data, statistical
analysis,
interpretation,
writing the
manuscript
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