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Healthy lifestyles are promising targets for prevention of cognitive aging, yet the optimal time windows for
interventions remain unclear. We selected a case-control sample nested within the Nurses’ Health Study (starting
year 1976, mean age = 51 years), including 14,956 women aged >70 years who were free of both stroke and
cognitive impairment at enrollment in a cognitive substudy (1995-2001). Cases (n = 1,496) were women with the
10% worst slopes of cognitive decline, and controls (n = 7,478) were those with slopes better than the median. We
compared the trajectories of body mass index (weight (kg)/height (m)2), alternate Mediterranean diet (A-MeDi)
score, and physical activity between groups, from midlife through 1 year preceding the cognitive substudy. In
midlife, cases had higher body mass index than controls (mean difference (MD) = 0.59 units, 95% confidence
interval (ClI): 0.39, 0.80), lower physical activity (MD = —1.41 metabolic equivalent of task-hours/week, 95% ClI:
-2.07, -0.71), and worse A-MeDi scores (MD = -0.16 points, 95% CI: -0.26, —0.06). From midlife through later
life, compared with controls, cases had consistently lower A-MeDi scores but a deceleration of weight gain and
a faster decrease in physical activity. In conclusion, maintaining a healthy lifestyle since midlife may help reduce
cognitive decline in aging. At older ages, both deceleration of weight gain and a decrease in physical activity may

reflect early signs of cognitive impairment.

body mass index; cognitive decline; Mediterranean diet; physical activity; prospective cohort studies

Abbreviations:A-MeDi, alternate Mediterranean diet; BMI, body mass index; MD, mean difference; MET, metabolic equivalent of
task; NHS, Nurses’ Health Study; TICS, Telephone Interview for Cognitive Status.

Long-term exposures to lifestyle factors probably con-
tribute to a large burden of cognitive aging and dementia risk
(1, 2). Epidemiologic research has suggested that optimal
body weight (3-5), healthy diets such as the Mediterranean
diet (6-8), and higher levels of physical activity (9, 10) are
associated with less cognitive decline and a reduced risk of
dementia. However, there have been inconsistencies in the
literature on the age range at which lifestyle factors critically
affect cognitive aging and dementia. For example, obesity
in midlife has been consistently associated with decreased
cognitive performance, whereas studies have been less con-
sistent when body mass index (BMI) was evaluated in late
life (11). In addition, healthy diets and regular exercise in
late life (6, 10, 12, 13) have generally been found to be
inversely associated with cognitive decline or dementia risk,
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while research with midlife assessment has been relatively
limited and inconsistent (14—17).

As aging progresses, subtle cognitive disorders may alter
both physiology and behaviors (18), leading to modifications
of lifestyle. For example, weight loss and decreases in
the intake of healthy foods and in physical activity levels
have been reported several years before the diagnosis of
dementia (16, 19-22). By addressing temporality, the study
of trajectories over a long time period may provide important
additional clues for studies carried out during selected time
windows. Virtually no research has investigated the long-
term trajectories of lifestyle exposures preceding cognitive
decline. Our objective was thus to model the trajectories of
3 major lifestyle risk factors—BMI, adherence to a healthy
diet (as represented by the alternate Mediterranean diet
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(A-MeDi) score), and physical activity—from midlife
through older ages in relation to subsequent cognitive dec-
line in a large observational cohort of women, the Nurses’
Health Study (NHS).

METHODS
Population

The NHS began in 1976, when 121,700 female registered
nurses aged 30-55 years who resided in 11 US states
returned a mailed questionnaire about their lifestyle and
health, including their weight and height (23). Thereafter,
the participants continued to complete biennial question-
naires; a food frequency questionnaire and detailed items on
physical activity were added from 1984 and 1986 onward,
respectively. To date, the follow-up rate in the NHS is
approximately 90%. The Institutional Review Board of
Brigham and Women’s Hospital (Boston, Massachusetts)
approved the NHS protocol.

Study population

From 1995 to 2001, all nurses who had reached age 70
years or older and had no history of stroke were invited to
participate in a telephone-based study of cognitive function.
Among eligible women (n = 21,103), 19,415 (92%) com-
pleted the initial Telephone Interview for Cognitive Status
(TICS), which was conducted by trained nurses and vali-
dated. The TICS (score range, 0—41) is a modified version
of the Mini-Mental State Examination (24), with a score
lower than 31 points indicating cognitive impairment (25).
The high reliability of the NHS interviewers and the validity
of telephone interviews as compared with in-person exami-
nations have been previously demonstrated (26). Cognitive
assessments were repeated on 3 occasions approximately
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every 2 years, with a high participation rate (>90% among
those remaining alive at each follow-up point).

For the current analyses, among the 19,415 participants
in the cognitive substudy, we excluded 2,185 women who
had cognitive impairment at the first cognitive interview and
1,831 women without any follow-up measure of cognition.
We also excluded 443 participants who did not have at least
1 measurement of each lifestyle factor during follow-up.
These exclusions led to a sample of 14,956 women.

Assessment of lifestyle risk factors since midlife

To limit the risk of reverse causality, which occurs when
behaviors are modified by underlying disease, we ended
the modeling of trajectories at the assessment immediately
preceding the initial cognitive interview (see Figure 1 for the
timeline of data used in the analyses).

Data on weight and height were collected on the baseline
questionnaire in 1976, and thereafter weight was recorded
every 2 years. Self-reported weight was highly correlated
with measured weight in a validation study (27). BMI was
computed as weight in kilograms divided by squared height
in meters.

Information on usual dietary intake during the past year
was collected through a 131-item semiquantitative food
frequency questionnaire (28) in 1984, 1986, 1990, 1994,
and 1998. For each food item, participants were asked about
consumption in 9 frequency categories, ranging from never
or less than once a month to more than 6 times per day, and a
standardized portion size was specified for estimation of the
quantity consumed daily. Food intake estimates were con-
verted into nutrient intakes by multiplying the consumption
of each food by its nutrient content using the US Depart-
ment of Agriculture database (29). From these repeated
diet assessments, we computed a 9-point A-MeDi score for
each time point (30). All of the repeated A-MeDi scores
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Figure 1.
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Nurses’ Health Study data used in an analysis of lifestyle factors (body mass index, diet, and physical activity) and subsequent

cognitive decline, United States, 1976-2008. TICS, Telephone Interview for Cognitive Status.
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were defined using the median cutoffs calculated at the first
dietary assessment in order to ensure a constant structure
of the outcome over time (see Web Appendix 1, available
at https://academic.oup.com/aje). At each time point, item
nonresponses were imputed using the median value (31) of
available data at that time point (see Web Table 1 for counts
of missing values).

Detailed information on leisure-time physical activity was
collected in 1986, 1988, 1992, 1994, 1996, 1998, and 2000
through a validated questionnaire (32). For the current anal-
ysis, total physical activity was calculated as the sum of
all reported activities, and low-intensity physical activity
was calculated as the sum of walking and stair-climbing.
Physical activity was expressed in metabolic equivalent of
task (MET)-hours per week according to accepted standards
(33), as described previously (34) (see Web Appendix 1).
As with diet, at each time point, item nonresponses were
imputed using the median value of the data distribution (31)
at that time point (see Web Table 2 for counts of missing
values).

Statistical analysis

Definition of cases and controls according to the intensity of
their cognitive decline.  We determined the trajectories of
global cognition by modeling the 4 repeated TICS measures
in a linear mixed model, according to the elapsed time
since the first cognitive interview in 1995-2001. The model
included a correlated individual random intercept and slope,
and results were adjusted for age, educational level (on
both the intercept and the slope), and an indicator for the
first cognitive assessment (35). From the individual slope
of cognitive decline estimated by the model (a continuous
metric), we defined cases of cognitive decline and controls
with lower decline using a priori cutoffs. In our primary
analysis, we defined cases as women with the 10% worst
cognitive slopes (n = 1,496) and controls as those with a
cognitive slope above the median (n = 7,478). Alternative
cutoffs were evaluated in supplementary analyses.

Trajectories of lifestyle risk factors in cases and controls.
We estimated trajectories of BMI, A-MeDi score, and phys-
ical activity during the years preceding the first cognitive
interview (i.e., up to —23, —15, and —13 years for BMI, A-
MeDi score, and physical activity, respectively) using latent
process mixed models. Latent process mixed models extend
linear mixed models to potentially non-Gaussian continuous
longitudinal outcomes—the observed measures are trans-
formed into a Gaussian latent process using parameterized
link functions (36). We used a quadratic function of time to
capture potential nonlinear evolutions of lifestyle exposures
over time. The models included case-control status, age,
and educational level as a simple effect and in interaction
with the function of time. Within-participant correlation was
captured by a correlated random intercept and slopes on the
function of time (see Web Appendix 1).

Trajectories were represented among cases and controls
for the most common profile of covariates in the study
sample (i.e., a registered nurse aged 51 years in 1976). This
methodological choice only influences the mean levels of
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trajectories, not the differences between groups. We tested
the differences in trajectories between cases and controls
using 2-sided Wald tests. First, we compared risk factor
changes over the entire time period in the 2 groups by testing
group X time interactions. Second, we evaluated pointwise
differences in mean risk factors between groups every 2
years, and we accounted for the multiple comparisons by
adjusting the threshold of statistical significance (37). Web
Appendix 2 provides the R code needed to replicate the
analyses.

Supplementary analyses

In supplementary analyses, we first assessed the robust-
ness of the results to the case-control cutpoints. We applied
aless stringent definition of controls, including in the control
group all of the noncases (i.e., slope within the best 90%),
as well as less stringent definitions of cases by considering
the 20% or 30% worst cognitive slopes; we also tested a
quadratic model for cognition instead of a linear model to
define cases and controls. Second, we explored for each
factor whether potential differences in trajectories between
cases and controls were confounded by the other 2 factors
(see Web Appendix 1). Third, we focused on trajectories of
low-intensity physical activity (e.g., walking) by excluding
all of the women who reported engaging in activities with an
intensity higher than 6 METs (with the exception of stair-
climbing, which is an important contributor to walking).
Finally, we examined the robustness of findings to statistical
assumptions. We allowed smoother trajectories over time
as approximated by natural cubic splines, and considered
using multiple imputation by chained equations (M = 5
imputations) to handle missing data items.

We used the SAS software package (SAS Institute, Inc.,
Cary, North Carolina), version 9.1, for selection of the case-
control sample; the “lcmm” function of the lcmm R package,
version 1.7.8 (38), for latent process mixed models (R Foun-
dation for Statistical Computing, Vienna, Austria); and the
“mice” function of the mice R package, version 2.46.0 (39),
for the imputation by chained equations.

RESULTS

Among the 14,956 women included in the study sample,
the average TICS score at the first cognitive interview was
34.4 (standard deviation, 2.0) points, and 86.4% of the
women completed at least 3 of the 4 interviews between
1995 and 2008 (average duration of follow-up = 5.7 (stan-
dard deviation, 1.9) years). The average estimated individual
slope of cognitive decline was —0.2 (standard deviation, 0.2)
points per year (Figure 2).

In 1986 (i.e., the midpoint time of the longest follow-
up period for the risk factors examined; Figure 1), cases
and controls were approximately 61 years of age, on aver-
age, and most had an associate’s degree (Table 1). Com-
pared with controls, cases of cognitive decline were more
likely to smoke and to report high blood pressure, a high
cholesterol level, and diabetes. In addition, cases were more
often overweight or obese, and they reported a slightly


https://academic.oup.com/aje

308 Wagner et al.

2.51

2.0

N
(&)}
1

|
|

Density, %

N
o
1

0.5 1

0.0 1

-3 -2 -1 0 1
Slope of Cognitive Decline, points/year

Figure 2. Distribution of individual slopes of cognitive decline, as
measured by the Telephone Interview for Cognitive Status (25), in the
Nurses’ Health Study (n = 14,956), United States, 1995-2008. Cases
(n =1,496) were defined as the women with the 10% worst cognitive
slopes (cutoff value < —0.461) and controls (n = 7,478) as those with
a cognitive slope above the median (cutoff value > —0.156).

lower average A-MeDi score and physical activity, includ-
ing low-intensity activity. The mean observed values of
BMI, A-MeDi score, and physical activity during the years
preceding the initial cognitive interview are presented in
Web Figure 1.

Estimated trajectories of lifestyle risk factors

In midlife, cases had higher BMIs (Figure 3A), lower
adherence to the A-MeDi (Figure 3B), and lower levels
of total (Figure 3C) and low-intensity (Figure 3D) physical
activity than controls. For example, the mean differences
(MDs) between groups (cases vs. controls) were 0.59 units
(95% confidence interval (CI): 0.39, 0.80) at —23 years
for BMI; —1.41 MET-hours/week (95% CI. —2.07, —0.71)
and —0.76 MET-hours/week (95% CI: —1.13,-0.41) at —13
years for total and low-intensity physical activity, respec-
tively; and —0.16 points (95% CI: —0.26, —0.06) at —15
years for A-MeDi score.

From midlife through later life, the trajectories of BMI
and physical activity started to differ between groups
(P < 0.001 for group x time interactions for both BMI
and physical activity). Although both groups gained weight
over time, cases had a deceleration of weight gain starting at
approximately —13 years, followed by weight stabilization
at —3 years, leading to progressive attenuation of BMI
differences between groups (Figure 3A; MD = 0.49 units
(95% CI: 0.27,0.72), MD = 0.32 units (95% CI: 0.09, 0.56),
and MD = 0.09 units (95% CI: —0.17, 0.33) at —11 years,
—7 years, and -3 years, respectively). Physical activity

levels started to decrease among cases around —9 years,
and the difference between cases and controls gradually
increased from midlife to older ages (for total physical
activity (Figure 3C), MD = -1.59 MET-hours/week (95%
CI: —2.21,-0.97), MD = —2.08 MET-hours/week (95% CI:
—2.69, —1.46), and MD = —2.56 MET-hours/week (95%
CI: —3.06, —2.03) at —11 years, —7 years, and —3 years,
respectively; for low-intensity physical activity (Figure 3D),
MD = -0.89 MET-hours/week (95% CI: —1.22, -0.55),
MD = —1.15 MET-hours/week (95% CI: —1.49, -0.80),
and MD = -1.38 MET-hours/week (95% CI. —1.67, —1.10)
at —11 years, —7 years, and -3 years, respectively). For
A-MeDi score, we found consistently lower diet quality for
cases than for controls (Figure 3B; MD = —0.18 points (95%
CI: —0.27, -0.09), MD = —0.19 points (95% CI: —0.28,
—0.10), and MD = —-0.19 points (95% CI: —0.28, -0.11)
at —11 years, —7 years, and —3 years, respectively) and a
similar evolution over time for both groups (P = 0.86 for
group X time interaction), with increasing adherence to the
A-MeDi from midlife to around —8 years, followed by a
slight decrease in A-MeDi scores in both groups.

One year before ascertainment of cognitive decline
in later life, the BMI level of cases attained that of
controls (Figure 3A; MD = —0.07 units, 95% CI: —0.33,
0.19), while physical activity levels were markedly lower
for cases than for controls (Figures 3C and 3D; MD =
-2.71 MET-hours/week (95% CI. —3.21, -2.21) and MD =
—1.34 MET-hours/week (95% CI: —1.61,—1.06) for total and
low-intensity physical activity, respectively). Diet quality
appeared less influenced by time and cognitive aging; as
found on the entire trajectory from midlife to late life,
A-MeDi score remained slightly lower for cases than for
controls at —1 year (Figure 3B; MD =-0.19 points, 95% CI:
—0.29,-0.09). For each risk factor, the MDs between groups
every 2 years (with confidence intervals) are presented in
Web Figure 2.

Supplementary analyses

When considering different thresholds for the definition
of cases or controls or defining cases and controls according
to a quadratic cognitive change, all relative shapes of trajec-
tories remained similar, although MDs between groups were
sometimes smaller (Web Figures 3-6). Overall, findings
remained largely consistent across varying case and control
cutpoints and models. Likewise, adjustment of each lifestyle
factor trajectory for the other two did not modify the differ-
ences in BMI between groups but slightly attenuated those
in physical activity and A-MeDi score (Web Figures 7 and
8). Finally, the results were not meaningfully modified when
excluding women who reported activity levels higher than 6
MET-hours/week (Web Figure 9), when using natural cubic
splines (Web Figure 10), or when using multiple imputation
(results available upon request).

DISCUSSION

In this large prospective study of women, participants with
greater cognitive decline after age 70 years had higher body
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Table 1. Characteristics of Cases of Cognitive Decline? (First Decile of Slope or Lower) and Controls (Greater
Than Median Slope) in the Nurses’ Health Study, United States, 1986°

Cases Controls
(n = 1,496) (n =7478)
Characteristic
Mean (SD) % Mean (SD) %
Response to the 1986 questionnaire® 95.9 95.8
Age, years 61.3 (2.5) 60.9 (2.4)
Educational level
Registered nurse 78.3 77.0
Bachelor’s degree 16.1 16.9
Master’s or doctoral degree 5.6 6.1
Current smoker® 19.7 15.8
History of chronic disease
High blood pressure 38.7 31.3
High cholesterol level 19.5 172
Diabetes mellitus 4.9 2.8
Body mass index®:9 25.9 (4.8) 25.3 (4.2)
Body mass index category®
Underweight (<18.5) 14 0.9
Normal-weight (18.5-24.9) 48.9 54.7
Overweight (25.0-29.9) 32.8 317
Obese (>30.0) 16.9 12.8
Physical activity, MET-hours/week
Total 13.1 (25.2) 13.6 (18.3)
Low-intensity® 6.7 (9.2) 7.4 (9.6)
A-MeDi score® 4.3 (1.8) 4.4 (1.9)
A-MeDi components®
Food consumption, servings/day
Vegetables 3.3(1.9) 3.3(1.9)
Legumes 0.4 (0.3) 0.4 (0.3)
Fruits 2.6 (1.5) 2.6 (1.5)
Nuts 0.4 (0.5) 0.4 (0.5)
Whole grains 1.6 (1.2) 1.6 (1.2)
Fish 0.4 (0.3) 0.4 (0.3)
Red/processed meat 0.8 (0.5) 0.8 (0.5)
Alcohol consumption, g/day 6.3 (11.3) 6.5 (10.7)
MUFA:SFA ratio 1.1 (0.2) 1.1(0.2)

Abbreviations: A-MeDi, alternate Mediterranean diet; MET, metabolic equivalent of task; MUFA, monounsatu-
rated fatty acid; SD, standard deviation; SFA, saturated fatty acid.

@ Cognitive decline was measured using the Telephone Interview for Cognitive Status (25).

b The midpoint time of the longest study period for exposures (i.e., 1986 for body mass index).

¢ Among nonmissing values. Data were missing for 0.3% of cases and 0.1% of controls for smoking, 15.8% of
cases and 12.0% of controls for body mass index, and 20.7% of cases and 18.3% of controls for A-MeDi score.

d Weight (kg)/height (m)2.

€ Low-intensity physical activity was calculated as the sum of walking and stair-climbing.

weight, a lower level of physical activity, and lower diet with aging among all women, those with worse cognitive
quality during a <2-decade period from midlife to late life. aging at older ages had a deceleration of weight gain and a
However, while there was an average increase in weight steeper drop in physical activity starting several years before
and diet quality and a decrease in physical activity levels cognitive ascertainment. These findings support associations
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Figure 3. Trajectories of body mass index (weight (kg)/height (m)2) (A), alternate Mediterranean diet (A-MeDi) score (B), and total (C) and
low-intensity (D) physical activity during the 23, 15, and 13 years preceding ascertainment of cognitive decline among cases of cognitive decline
(n = 1,496) and controls (n = 7,478) in the Nurses’ Health Study, United States, 1976-2000. Mean predicted trajectories (solid lines, cases;
dashed lines, controls) with 95% pointwise confidence intervals (shading) were predicted using a latent process linear mixed model according
to the number of years preceding ascertainment of cognitive decline. The model included a quadratic function of time (time, time?) and adjusted
for case-control status, age, and educational level and their interactions with the function of time; correlated random effects were considered on
both the intercept and the time function. Trajectories were plotted for the most common profile of covariates in the study sample (a registered
nurse aged 51 years in 1976). Outcomes were normalized by means of I-splines, and the corrected thresholds for multiple testing were a = 0.03
for body mass index, o = 0.02 for A-MeDi score, a = 0.02 for low-intensity physical activity, and o = 0.01 for total physical activity. MET, metabolic

equivalent of task.

of healthy weight, healthy diet, and regular exercise starting
in midlife with lower cognitive decline in older age. One
likely explanation for the later deceleration of weight gain
and decrease in physical activity levels is reverse causation
(as early consequences of underlying cognitive changes and
deteriorating health).

Major strengths of the current study include a large sample
size, a high follow-up rate, and the long duration of follow-
up in the NHS, allowing for analysis of both long-term
lifestyle habits prior to cognitive impairment (over a period
of up to 23 years) and subsequent cognitive decline (over
a period of up to 6 years). The use of nonconcomitant
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time periods for the exposure and outcome assessments
also reduced reverse causality, and the use of generally
invariant questionnaires since 1984-1986 decreased noise
in the modeling of trajectories. Additionally, we limited
misclassification in the definition of cases and controls by
using a validated test of global cognition (TICS) and by
modeling cognitive decline with linear mixed-effect models.
Finally, by modeling trajectories of lifestyle factors prior
to cognitive decline using a flexible latent process mixed-
effect model combined with a case-control approach, our
methodology enabled a direct comparison of trajectories
among groups, with statistical testing of differences.

However, several limitations warrant consideration. First,
generalization of our results is limited to primarily Cau-
casian women, and further research should be conducted in
populations with different sociodemographic backgrounds.
Moreover, because of the observational nature of the present
study, a causal association between lifestyle factors and cog-
nitive disorders cannot be formally established, and our find-
ings should be interpreted with caution. Finally, although
the homogeneity of our study population of nurses with
respect to demographic characteristics and health knowledge
reduces the possibilities for confounding, residual confound-
ing may still persist.

We are aware of only 2 large studies, the Whitehall II
Study in the United Kingdom and the Three-City study in
France, in which risk factor trajectories preceding dementia
diagnosis were predicted by statistical modeling (17, 21, 22,
40). Comparability with this existing research is limited.
Indeed, our study focused on cognitive decline rather than
dementia, and we ended follow-up for exposures at the ques-
tionnaire immediately preceding the cognitive substudy to
limit reverse causality. Nonetheless, BMI trajectories found
in our cohort were generally in accordance with those of pre-
vious studies. In the Whitehall II Study, compared with con-
trols, dementia cases had higher BMIs 16-28 years prior to
diagnosis, and BMI dropped below that of controls starting
8 years prior to diagnosis (40). In the Three-City Study, BMI
was higher in dementia cases from 14 years before diagnosis
onward and dropped below that of controls about 7 years
before diagnosis (22). In our American population with high
BMI and substantial weight gain over the life course, we did
not observe the weight loss reported in prodromal dementia
in the 2 European cohorts, but we did observe a deceleration
of weight gain among cases approximately a decade prior to
ascertainment of cognitive decline.

For diet and physical activity, while extensive epidemio-
logic data support an association of higher adherence to the
MeDi (12, 41) and greater levels of physical activity (10)
with lower cognitive decline or dementia, most of the previ-
ous studies assessed late-life exposures; research on midlife
has been limited and inconsistent. In Whitehall II, adherence
to the Alternate Healthy Eating Index in midlife was not
associated with dementia risk (42). In the NHS, long-term
adherence to the A-MeDi since midlife was associated with
better average cognitive status, but not cognitive decline,
after age 70 years (14). The present study extended the find-
ings of the previous report (14), using a powerful and flexible
approach applied to A-MeDi trajectories since midlife. We
recognize that average differences between cases and con-
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trols were of modest magnitude (a 0.2-point difference in
A-MeDi score over a maximum of 9 points). However, the
objective here was to compare average trajectories of diet
quality among cases and controls, not to evaluate the full
range of diet exposure levels in relation to cognitive decline;
thus, modest differences were expected.

Regular physical activity in midlife has been related to
lower risk of cognitive decline or dementia (43—45), includ-
ing in the NHS (34), but this association was not con-
sistently reported (15-17). As with BMI, the Whitehall II
investigators found a decrease in physical activity 9 years
before dementia diagnosis, while levels of physical activ-
ity a decade or more prior to dementia were not differ-
ent from those of participants free of dementia (17). We
also found a decrease in physical activity among cases 9
years before ascertainment of cognitive decline. However,
physical activity levels were consistently lower among cases
in the NHS. This persistent difference in physical activity
levels between cases and controls before the drop in physical
activity attributed to the evolution of incipient deterioration
of cognitive/general health with aging suggests that low
physical activity may be both a risk factor for cognitive
decline (in midlife) and a potential prodrome of underlying
age-related alterations when getting older.

Overweight may alter cognitive health through various
mechanisms, including elevated leptin levels and inflam-
mation, leading to impaired cerebral metabolism and neu-
ronal degradation (46). In contrast, healthy diets and phys-
ical activity may protect the aging brain through a bene-
ficial effect on cardiovascular risk factors (including over-
weight/obesity) and their ability to reduce inflammation (7,
10), thereby improving brain plasticity (7, 47) and lowering
age-related brain atrophy (48). Overall, the preclinical and
clinical literature supporting a beneficial effect of healthy
weight, physical activity, and diet on the multiple pathways
associated with cognitive aging is substantial.

At the same time, the aging process involves multiple
psychosocial, behavioral, and physiological changes, which
may explain part of the decreases in weight gain and phys-
ical activity found in our cases of cognitive decline. For
example, the loss of appetite and taste associated with aging
may lead to a general decline in dietary intake, malnutri-
tion, and weight loss (49), and the slowed performance and
decrease of muscular strength may decrease engagement in
regular exercise with aging (50). Life-altering experiences
that increase with age (e.g., caregiving or the death of a
parent or spouse) can also induce both cognitive decline (51)
and behavioral modifications (e.g., a reduction of physical
activity or worse diet). In addition to mechanisms associated
with general aging, there is a suggestion that physiology and
behaviors may be altered years before diagnosis in dementia.
The neuropathological changes underlying cognitive aging
start decades before dementia onset (52), with a progressive
evolution of cognitive deficits (18), alterations in activities
of daily living (53), and loss of olfactory function and taste
(54), potentially leading to loss of initiative, a decrease in
physical activity and dietary intake, and eventually weight
loss or less weight gain.

In summary, our longitudinal study indicates dynamic
relationships between lifestyle factors and cognitive health.



312 Wagner et al.

In this large cohort of women, those with cognitive decline
after 70 years of age had poorer body weight, diet, and
physical activity levels in midlife. Approximately a decade
before ascertainment of cognitive decline, body weight gain
decelerated and physical activity decreased among cases, as
likely prodromes of accelerated aging in those who later
developed cognitive decline. These results emphasize the
importance of adhering to a healthy lifestyle from midlife
onward to maintain optimal brain aging, while suggesting
that associations of risk factors in late life with cognitive
aging may be subject to bias in studies focused on late
life. These findings may be key both for understanding risk
factors for cognitive aging and for designing and analyzing
the results of cognitive research.
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