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Abstract
Objective
To help determine whether midlife obesity is a cause of dementia and whether low body mass
index (BMI), low caloric intake, and physical inactivity are causes or merely consequences of
the gradual onset of dementia by recording these factors early in a large 20-year prospective
study and relating them to dementia detection rates separately during follow-up periods of <5, 5
to 9, 10 to 14, and 15+ years.

Methods
A total of 1,136,846 UK women, mean age 56 (SD 5) years, were recruited in 1996 to 2001 and
asked about height, weight, caloric intake, and inactivity. They were followed up until 2017 by
electronic linkage to National Health Service records, detecting hospital admissions with
mention of dementia. Cox regression yielded adjusted rate ratios (RRs) for first dementia
detection during particular follow-up periods.

Results
Fifteen years after the baseline survey, only 1% were lost to follow-up, and 89% remained alive
with no detected dementia, of whom 18,695 had dementia detected later, at a mean age of 77
(SD 4) years. Dementia detection during years 15+ was associated with baseline obesity (BMI
30+ vs 20–24 kg/m2: RR 1.21, 95% confidence interval 1.16–1.26, p < 0.0001) but not clearly
with low BMI, low caloric intake, or inactivity at baseline. The latter 3 factors were associated
with increased dementia rates during the first decade, but these associations weakened sub-
stantially over time, approaching null after 15 years.

Conclusions
Midlife obesity may well be a cause of dementia. In contrast, behavioral changes due to
preclinical disease could largely or wholly account for associations of low BMI, low caloric
intake, and inactivity with dementia detection during the first decade of follow-up.
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The pathologic processes that eventually culminate in de-
mentia may have slowly increasing preclinical cognitive effects
for a decade or more before there is a definite clinical diagnosis.
During this period, preclinical disease can gradually affect be-
havior, reducing mental and physical activity, changing dietary
and other habits, reducing caloric intake, and causing appre-
ciable weight loss. Hence, for at least a decade before people are
diagnosed clinically with dementia, there are, on average if not
in each individual, appreciable reductions in physical activity
and body mass index (BMI).1–4 Thus, preclinical disease can,
by behavioral or other means, cause weight loss.

In the general population of people who have not, or not yet,
been diagnosed as having dementia, low BMI is therefore asso-
ciated with the probability of dementia being diagnosed over the
next 5 or 10 years.5,6 Because this associationmight, however, be
due merely to the process of reverse causality described above,
the existence of the association cannot be used straightforwardly
to determine whether, as well as preclinical disease causing
weight loss, low BMI somewhat hastens the onset of dementia.

To address this question, prospective studies are needed that last
much longer than the period over which the effects of reverse
causality are likely to be appreciable. Within such studies, the

biases due to the effects of reverse causality would be expected to
be much stronger during the first 10 (or, particularly, the first 5)
years of follow-up after BMI was measured than during the sec-
ond decade of follow-up. However, in the absence of the onset of
any of the various diseases that affect weight, BMI in middle age
correlates well with BMI 20 years later.7 Hence, if low BMI (or
obesity) actually causes or aggravates dementia, then reasonably
unbiased evidence of this may emerge only during the second
decade of follow-up, after the main short-term effects of reverse
causality have faded. Two recent meta-analyses have presented
evidence that reverse causality could well account for the short-
term inverse associations of BMIwith dementia but that on longer
follow-up obesity (BMI >30 kg/m2) is positively associated with
the incidence of dementia; however, they included only limited
numbers of cases arising >15 years after BMI was measured.5,6

Other meta-analyses,8–10 also dominated by findings during just
a few years of follow-up, have reported associations of poor diet
and physical inactivity with the incidence of dementia, but these
findings could well be largely or wholly due to reverse causality;
consistent with this, a meta-analysis8 noted that the effects of
physical inactivity seemed to weaken with longer follow-up.

Tominimize biases due to reverse causality, the first few years of
follow-up are often excluded in meta-analyses of prospective

Glossary
BMI = body mass index; CI = confidence interval; CPRD = Clinical Practice Research Datalink; ICD-10 = International
Classification of Diseases, 10th Revision; NHS = National Health Service; RR = rate ratio.
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study data, as are the participants who already had some chronic
disease when the baseline measurements were recorded. For
example, many types of cancer can cause weight loss some time
before diagnosis, so investigations of causal relationships be-
tween BMI and cancer commonly exclude the first 5 years of
follow-up.11 Dementia usually has a more insidious onset than
cancer, so bias due to reverse causality may well last longer.

The aim of the present report is to help determine whether
midlife obesity is a cause of dementia and whether low BMI,
low caloric intake (in women who had not recently changed
their diet because of disease), and physical inactivity are causes
or merely consequences of the gradual onset of dementia.
These factors were recorded at or near the start of the Million
Women Study, and we relate these recorded values to dementia
detection rates during the separate follow-up periods of <5, 5 to
9, 10 to 14, and 15+ years later.

Methods
Study population
The Million Women Study is a population-based prospective
study.12 In 1996 to 2001, women invited for National Health
Service (NHS) breast cancer screening at 66 screening centers
in England and Scotland were asked to join the study by
completing the recruitment postal study questionnaire. This
sought information on health, sociodemographic, anthropo-
metric, and lifestyle factors. Resurvey questionnaires are posted
to study participants every 3 to 5 years to assess changes in
these factors and to inquire about other exposures. Ques-
tionnaires can be viewed at millionwomenstudy.org.

Standard protocol approvals, registrations,
and patient consents
Ethics approval was granted by the Oxford-Anglia Multi-
Centre Research Ethics Committee. All participants gave
written consent for follow-up.

Measures
Height, weight, and physical activitywere reported at recruitment.
The present analyses are restricted to those with a height of 1.2 to
2.0 m and weight of 35 to 150 kg, from which (self-reported)
BMI was calculated as weight divided by the square of height.
BMI <20 kg/m2 is described as low, 20 to 24.9 kg/m2 as desir-
able, 25 to 29.9 kg/m2 as overweight, and ≥30 kg/m2 as obese. In
this cohort, BMI at recruitment is an excellent correlate of
measured BMI a decade later because, in a validation study in
which weight and height weremeasured in a sample of the cohort
about a decade after recruitment, there was a 95% correlation
between the baseline BMI based on self-reported height and
weight and the BMI based on measured height and weight.7

Participants were asked at recruitment about exercise stren-
uous enough to cause sweating or a fast heartbeat, and ≈90%
were also asked a second multiple-choice question to help
assess inactivity: “About how often do you do any exercise?”
Only the question about any exercise is used in these analyses,

classifying women as inactive (rarely/never or <1 time per
week) or active (≥1 time per week). Three years after re-
cruitment, 589,896 of these women reported hours per week
of housework, walking, gardening, cycling (rare), and stren-
uous activity (also rare), and the mean excess energy con-
sumption (in metabolic equivalent of task–hours) resulting
from all such activities was 20% lower among those who had
been classified as inactive than those classified as active at
recruitment.13 The present analyses are restricted to the
1,136,846 women who, at recruitment, had been asked the
question about inactivity, had reported their height and
weight within the acceptable ranges, and were 48 to 65 years
of age, which was at that time the range for routine breast
screening invitations (data available from Dryad, additional
Methods 1, doi.org/10.5061/dryad.3s755j8).

To investigate the association of dementia with low caloric
intake, we used information on some 130 quantitative and
semiquantitative dietary items12 sought 3 years after re-
cruitment (data available from Dryad, additional Methods 2,
doi.org/10.5061/dryad.3s755j8). After the exclusion of
409,536 nonrespondents, 113,666 respondents who had
changed their diet during the previous 5 years due to illness,
and 3,450 whose replies suggested a caloric intake outside the
range of 500 to 3,500 kcal/d, 610,069women remained, among
whom this assessment of caloric intake was analyzed in relation
to subsequent dementia detection rates (data available from
dryad, additional Methods 1). Caloric intake was divided into 5
similar-sized groups, and comparisons were made across these
groups and between the lowest and the other 4 groups. Sec-
ondary analyses examined other indices of poor diet in these
610,069 individuals, including low protein intake and an index
ofMediterranean diet. There was good short-term repeatability
for most dietary questions,14 and intakes did not change ap-
preciably over time in the cohort as a whole.15

All participants were registered with the NHS. With the use of
each individual’s unique NHS number and date of birth, study
participants were linked electronically to routinely collected
NHS data on hospital admissions (as day cases or as inpa-
tients), deaths, and emigrations by NHS Digital in England (in
which up to 20 diagnoses are coded for every hospital admis-
sion)16 and by the NHS Central Register and Information
Services Division in Scotland (in which up to 6 diagnoses are
coded for every hospital admission).17 Hospital diagnoses are
coded according to theWorldHealthOrganization’s ICD-10.18

The main outcome in these analyses is the first mention, in any
hospital record, of dementia (ICD-10 code F00-F03 or G30),
excluding the 26 womenwith such a record before recruitment.
Some analyses also examined associations separately for
women whose first hospital record of dementia attributed it to
Alzheimer disease (F00 or G30), vascular dementia (F01), or
dementia type unspecified (F03); there were far fewer cases of
each of the other specific types of dementia (F02). The rela-
tively small number of deaths with dementia on the death
certificate but not in any hospital record were not included in
the main analyses but were included in sensitivity analyses.
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Seventy six thousand three hundred and one of the included
MillionWomen Study participants have also been linked to the
UK Clinical Practice Research Datalink (CPRD), which by
2017 included primary care records for 8% of the UK
population.19,20 Because not all women with a primary care
record that mentions dementia will have had, or will soon have,
a hospital record that mentions dementia, we investigated the
probability of first admission to hospital with any mention of
dementia by time since the first mention of dementia in pri-
mary care (data available from Dryad, additional Methods 3,
doi.org/10.5061/dryad.3s755j8).

Statistical analyses
After the exclusions described above (data available from
Dryad, additionalMethods 1, doi.org/10.5061/dryad.3s755j8),
women contributed person-years from the exact questionnaire
completion date until whichever date came first of the fol-
lowing: death, first hospital record of dementia, NHS regis-
tration ending (≈1%, mostly emigrants from the United
Kingdom), and December 31, 2017, in England or March 31,
2017, in Scotland.

Cox regression was used to estimate the dementia detection
hazard ratios (hereafter called rate ratios [RRs]) and 95%
confidence intervals (CIs) associated with low BMI, obesity,
low caloric intake, and physical inactivity within each of 4
follow-up periods (<5, 5–9, 10–14, 15+ years). Time from
baseline was the underlying time variable. To ensure that
analyses compared dementia detection rates in women who
were as similar as possible in all other respects, all analyses
were routinely stratified by single year of birth (≤1930,
1931…1949, 1950 and later) and by calendar year at re-
cruitment (1996, 1997, 1998, 1999, 2000, 2001 and later) or,
for the diet analyses, at the 3-year resurvey. All analyses were
also adjusted for other factors at recruitment: region of
residence at baseline (Scotland and 9 areas in England rep-
resenting NHS Regional Heath Authorities); education (no
qualifications, any qualification)21; area deprivation (tertiles
based on the Townsend Index22); height (<155, 155–164,
165+ cm); smoking (never, past, current <10, 10–19, 20+
cigarettes per day); alcohol consumption (0, <7, 7–14, 15+
drinks per week); and use of menopausal hormones (never,
past, current).

Analyses of the associations of dementia with BMI and with
physical inactivity were mutually adjusted but were not ad-
justed for caloric intake because this was measured 3 years
later. Analyses of the associations of dementia with diet were
adjusted for physical inactivity but not for BMI because BMI
could lie on the causal pathway. To keep the numbers ana-
lyzed constant, the small number of women with missing data
for any adjustment variable (<2% for each variable) were
assigned to a separate category for that variable. Because of
possible biases associated with poor health at baseline, sen-
sitivity analyses were done that were restricted to the 480,606
women who reported at the 3-year resurvey that they were in
good or excellent health.

Because stroke predisposes to dementia,23 an analysis was
done excluding women with self-reported stroke at baseline
and censoring women on the date of any hospital admission
with cerebrovascular disease or transient cerebral ischemia
(ICD-10 I60-69 or G45).

Analyses used Stata 15.1 (StataCorp, College Station, TX);
figures were drawn in R.24

Data availability
Anonymized data used here can be shared by request to the
investigators and to the providers of follow-up data (e.g.,
NHS Digital) from any qualified investigator. The Million
Women Study Data Access Policy can be viewed at mil-
lionwomenstudy.org/data_access.

Results
The 1,136,846 women included in the analyses of BMI,
physical inactivity, and dementia detection rates were, on
average, 56 (SD 5) years of age at baseline. As expected,
obesity and physical inactivity were associated, and both
were associated with deprivation and lack of educational
qualifications (table). Among the 610,069 women in-
cluded in the dietary analyses, low caloric intake was also
associated with deprivation and lack of educational
qualifications.

The entire cohort was followed up for a mean of 18 (SD 3)
years to a mean age of 74 (SD 5) years. During that period,
30,957 women had ≥1 hospital admissions with dementia
mentioned, of which only the first is analyzed. During the first 5
years of follow-up, 478 women had their first hospital admis-
sion with mention of dementia; during follow-up years 5 to 9,
a further 2,410 did so; during follow-up years 10 to 14, a further
9,374 did so; and during follow-up years 15+ (mainly years
15–19), a further 18,695 did so, at a mean age of 77 (SD 4)
years. At year 15 after study entry, 89% of all participants were
still alive with no hospital record mentioning dementia and
were still being followed up for details of any subsequent
hospital admissions or deaths (table). Apart from having be-
come older, their average characteristics were not materially
different from those of the entire population at baseline, and all
analyses of dementia detection rates during follow-up years 15+
(mainly years 15–19) are based only on these survivors with no
record of dementia before follow-up year 15 (data available
from Dryad, table 2, doi.org/10.5061/dryad.3s755j8).

The dementia detection RRs among women who had been
obese at study entry compared to women who had been of
desirable BMI (20–24.9 kg/m2) are shown separately in figure
1 for follow-up years <5, 5 to 9, 10 to 14, and 15+ (mostly
years 15–19, mean year 17.3 for the cases). During the first 5
years of follow-up, the dementia detection RR for obese vs
desirable was only about two-thirds (RR 0.65, 95% CI
0.49–0.85, p < 0.0001). During follow-up years 15+, however,
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the dementia detection rate was significantly higher in women
who had been obese than in those who had been of desirable
BMI (RR 1.21, 95% CI 1.16–1.26, p < 0.0001).

Comparing low BMI (<20 kg/m2) vs desirable BMI (figure 2),
the dementia detection RR was almost 3 during the first 5 years
of follow-up (RR 2.93, 95% CI 2.18–3.94, p < 0.0001), but it
declined substantially as the duration of follow-up increased. By
follow-up years 15+, it had fallen greatly, although it was still
significant (RR 1.17, 95% CI 1.08–1.26, p < 0.0001).

The dementia detection RRs comparing women in the lowest
fifth of total caloric intake vs all women with higher caloric
intakes are shown in figure 3, subdivided by period of follow-up

since caloric intake was assessed. Because this assessment was
≈3 years after BMI was recorded, the potential duration of
follow-up is ≈3 years shorter for caloric intake than for BMI,
but still for the caloric intake analyses, 3,007 cases of dementia
were first detected during follow-up years 15+ (mean year 16.0
for the cases). Low caloric intake at the time of the dietary
survey was associated with an elevated RR during the first 5
years of follow-up (RR 1.75, 95% CI 1.42–2.14, p < 0.0001),
but the RR decreased steeply with duration of follow-up, and by
follow-up years 15+, no apparent excess remained (RR 1.03,
95% CI 0.94–1.13). During the first decade of follow-up, there
was little apparent dependence of dementia detection rates on
caloric intake across the top four-fifths of intake, and during the
second decade, there was none (data not shown).

Table Characteristics at recruitment and information on follow-up by BMI, physical activity, and caloric intake

BMI, kg/m2 Physical activitya Caloric intakeb

<20 (Low)
20–24.9
(Desirable)

25–29.9
(Overweight)

≥30
(Obese) Inactive Active

Lowest
fifth All others

Characteristics at
recruitment

Age, mean (SD), y 55.7 (4.6) 55.7 (4.5) 56.1 (4.5) 56.0 (4.5) 55.7 (4.5) 56.0 (4.5) 55.8 (4.5) 55.8 (4.5)

BMI, mean (SD), kg/m2 18.9 (1.0) 22.9 (1.3) 27.1 (1.4) 34.0 (3.9) 27.4 (5.3) 25.8 (4.3) 26.1 (4.5) 25.8 (4.3)

Inactive,a % 25.9 23.3 30.8 43.0 100.0 0.0 32.1 24.5

Lowest fifth of caloric
intake,b %

19.4 18.7 20.4 21.8 24.5 18.2 100.0 0.0

Most deprived third, % 33.1 28.5 33.4 41.6 40.7 29.4 35.2 26.4

No educational
qualifications, %

36.7 36.5 44.5 51.5 54.7 36.8 46.9 32.4

Current smoker, % 31.8 20.8 18.3 15.6 25.4 16.9 21.1 14.2

Alcohol 15+ units/wk
(drinkers), %

8.2 7.4 6.4 5.2 6.3 6.9 6.3 7.3

Current user of
menopausal
hormones, %

36.5 36.4 32.9 28.0 33.5 33.8 34.9 34.4

Follow-up for dementia

From baseline

Women, n 42,582 483,984 404,898 205,382 337,015 799,831 120,814 489,352

Person-years, 1000s 726 8,625 7,180 3,576 5,871 14,235 2,169 8,905

Women diagnosed
with dementia, n

1,404 12,236 10,914 6,403 9,917 21,040 3,196 10,502

From 15 y after baseline

Women alive at 15 y
with no dementia
detected, n

35,347 434,923 361,892 177,991 291,676 718,477 109,375 452,347

Person-years, 1000s 133 1,652 1,354 652 1,085 2,706 410 1,740

Women diagnosed
with dementia, n

696 7,248 6,803 3,948 5,843 12,852 1,943 6,959

Abbreviation: BMI = body mass index.
a Inactive: any exercise rarely/never or less than once per week; active: any exercise once per week or more.
b Caloric intake recorded 3 years after recruitment; all other characteristics are at recruitment.
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For other indices of poor diet (low protein intake as percent
of total caloric intake, high free sugar as percent of total caloric
intake, low Mediterranean diet score, and low World Health
Organization healthy diet indicator), the patterns over time
were similar to those seen in figure 3, with RRs of 1.3 to 1.9
during the first 5 years of follow-up, but with the excess RR
declining over time and RRs of ≈1.0 during follow-up years
15+ (data available from Dryad, figure 7, doi.org/10.5061/
dryad.3s755j8).

The dementia detection RRs comparing inactive and active
women are shown in figure 4 by follow-up duration. During
the first 5 years of follow-up, inactive women had an ≈60%
excess dementia detection rate (RR 1.59, 95% CI 1.31–1.92, p
< 0.0001), but again, the association weakened over time,
remaining significant but approaching null after 15+ years of
follow-up (RR 1.05, 95% CI 1.02–1.08, p = 0.004). These
analyses were adjusted for BMI, but this made little difference
(e.g., decreasing the RR for dementia detection during follow-
up years 15+ from 1.07 to 1.05).

Sensitivity analyses restricted attention to the 480,606 women
who had at the time of the dietary survey rated their health as
good or excellent. The short-term RRs tended to be slightly

more extreme in these women than in all women, whereas the
long-term RRs were similar (data available from Dryad, figure
8, doi.org/10.5061/dryad.3s755j8).

Both Alzheimer disease and vascular disease can result in
dementia and could well have importantly different causes.
Figure 5 subdivides the findings for each of the 4 factors
examined here by whether the first hospital record of de-
mentia attributed it only to Alzheimer disease (n = 5,873),
only to vascular disease (n = 3,267), or to an unspecified
disease (n = 8,661); analyses are restricted to follow-up
years 15+ because this is when the RRs should have been
least distorted by reverse causality. Of the 4 factors, only
for obesity was there clear variation between the RRs
(obese vs desirable BMI) for what was recorded as Alz-
heimer disease and for what was recorded as vascular de-
mentia in the first hospital admission that mentioned any
type of dementia. During follow-up years 15+, baseline
obesity was strongly associated with vascular dementia
(RR 1.41, 95% CI 1.29–1.56, p < 0.0001) but not with
Alzheimer disease (RR 1.01, 95% CI 0.93–1.08, p = 0.87, p

Figure 1Dementiadetection rate ratiobyperiodof follow-up
for obese vs desirable BMI (30+ vs 20–24.9 kg/m2)

Stratified by year of birth and year reporting exposure and adjusted for
region of residence, educational qualifications, area deprivation, height,
smoking, alcohol consumption, use of menopausal hormones, and physical
activity. BMI = body mass index; CI = confidence interval.

Figure 2 Dementia detection rate ratio by period of follow-
up for low vs desirable BMI (<20 vs 20–24.9 kg/m2)

Stratified by year of birth and year reporting exposure and adjusted for
region of residence, educational qualifications, area deprivation, height,
smoking, alcohol consumption, use of menopausal hormones, and physical
activity. BMI = body mass index; CI = confidence interval.

e6 Neurology | Volume 94, Number 2 | January 14, 2020 Neurology.org/N

https://doi.org/10.5061/dryad.3s755j8
https://doi.org/10.5061/dryad.3s755j8
https://doi.org/10.5061/dryad.3s755j8
http://neurology.org/n


< 0.0001 for heterogeneity between RRs). No confound-
ing factors were identified as having any material effect on
these obesity RRs (data available from Dryad, table 3, doi.
org/10.5061/dryad.3s755j8). Figure 5 also shows that in
about half of the first hospital records that mentioned
dementia, the type was unspecified. In many cases when it
was specified, the differential diagnosis between vascular
dementia and Alzheimer disease would have been
uncertain.

During follow-up, 13,181 women had a hospital admission for
cerebrovascular disease. Censoring these women on the date of
diagnosis of cerebrovascular disease had little effect on the de-
mentia detection RRs during follow-up years 15+ (data available
from Dryad, figure 9, doi.org/10.5061/dryad.3s755j8). Like-
wise, inclusion of an additional 1726 cases whose first mention
of dementia was on the death certificate had no material effect
on the main findings because far larger numbers had been
detected from hospital records (data available from Dryad, fig-
ure 10, doi.org/10.5061/dryad.3s755j8).

For 76,301 women, some primary care records were provided
by linkage to the CPRD. Figure 6 shows that for those with
a CPRDprimary care record of dementia (some of whommight
already have had a hospital record of dementia), the median
time from the CPRD record to the next such hospital record
was 4 (interquartile range 2–7) years (data available from
Dryad, additional Methods 3, doi.org/10.5061/dryad.3s755j8).

Discussion
During about 2 decades of follow-up, >30,000 participants
had a first hospital admission with mention of dementia, most
during follow-up years 15+. The gradual preclinical de-
velopment of dementia can itself cause inactivity, changes in
eating patterns, and weight loss, which could distort the
baseline data. Perhaps because of this, the dementia detection
rates during the first decade of follow-up were not positively
associated with baseline obesity and were instead positively
associated with baseline low BMI, low caloric intake, and
physical inactivity. The latter 3 associations weakened sub-
stantially over time, however, and approached null after ≈15

Figure 3 Dementia detection rate ratio by period of follow-
up for those with the lowest fifth of caloric intake
vs higher intakes

Stratified by year of birth and year reporting exposure and adjusted for
region of residence, educational qualifications, area deprivation, height,
smoking, alcohol consumption, use of menopausal hormones, and physical
activity. CI = confidence interval.

Figure 4 Dementia detection rate ratio by period of follow-
up in inactive vs active women

Stratified by year of birth and year reporting exposure and adjusted for
region of residence, educational qualifications, area deprivation, height,
smoking, alcohol consumption, use of menopausal hormones, and body
mass index. CI = confidence interval.
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years of follow-up. In contrast, a positive association between
baseline obesity and dementia emerged only during the sec-
ond decade of follow-up, and during follow-up years 15+,
baseline obesity was associated with a substantial excess de-
mentia detection rate, at least for vascular dementia.

The average age was 56 years at recruitment and 74 years at
the end of follow-up. All participants were registered with the
NHS and had a unique NHS number, so follow-up through
electronic linkage to NHS databases was virtually complete;
only 1.2% were lost to follow-up, mainly because they had
emigrated from the United Kingdom and from then on were
no longer registered with the NHS. The analyses included
those who died or were lost to follow-up until the dates when
this occurred, thus allowing fully for competing risks of death.
After 15 years of follow-up, 89% were still alive and still being
followed up with no hospital record that had mentioned de-
mentia, and (apart from being older) their characteristics at
year 15 were similar to those of the entire cohort at baseline.
No major secular changes in BMI, diet, or physical activity
occurred in this population,7,13,15 and confounding by other

possible risk factors appeared to have little effect on the
findings.

The large differences between the results during the first few
years of follow-up and those during follow-up years 15+ suggest
that the findings during the first decade of follow-up were
substantially distorted by reverse causality, i.e., by preclinical
dementia having already, at the time of the baseline data col-
lection, appreciably reduced caloric intake, BMI, and physical
activity. Distortion of the baseline information by the effects of
preclinical disease should on average have had a greater effect
on women whose dementia was detected during the first de-
cade of follow-up than on those whose dementia was detected
during the second decade and may well have had little effect on
the baseline characteristics of the large number whose dementia
was detected during follow-up years 15+. If so, then the asso-
ciations of low caloric intake, low BMI, and inactivity with
dementia detection rates during the first decade of follow-up
are not good evidence that any of these 3 factors actually cause
dementia, whereas the association of obesity with dementia
during follow-up years 15+ does suggest that obesity or some

Figure 5 Dementia detection rate ratio after 15+ years of follow-up by hospital-specified type of dementia

Stratified by year of birth and year reporting exposure
and adjusted for region of residence, educational
qualifications, area deprivation, height, smoking, al-
cohol consumption, and use of menopausal hor-
mones. For body mass index (BMI) and caloric intake
analyses, also adjusted for physical activity. For
physical activity analysis, also adjusted for BMI. CI =
confidence interval.
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close correlate of obesity causes an increased risk of developing
some major type of dementia.

For BMI, our short-term findings are broadly consistent with
published evidence from the many prospective studies with
short-term follow-up.5,6 Long-term associations have been
reported in relatively few studies, with inconsistencies be-
tween their reported findings.5,6,25 Consistent with the pres-
ent study, the only individual-participant-data meta-analysis
of prospective studies reported an inverse association with
BMI during the first 20 years of follow-up that reversed after
20 years, so that baseline obesity was associated with an in-
creased risk of dementia developing among those still being
followed up >20 years later.6 A smaller meta-analysis of
published studies reported that, with long-term follow-up,
dementia risk was associated both with low BMI at baseline
and with obesity at baseline.5 In contrast, a UK study based on
CPRD primary care records reported decreased risks with
obesity that persisted for ≥15 years, although it was not clear
whether more recent BMI measurements had in some cases
been extrapolated backward.25

For obesity, the RR increased with follow-up time, and
there was a clear excess of dementia detection during
follow-up years 15+. This excess was highly significant and
greater for hospital admissions coded as vascular dementia
than for hospital admissions coded as Alzheimer disease.
This difference between the apparent associations of obe-
sity with the 2 different types of dementia suggests that the

association of obesity with vascular dementia is likely to be
causal, i.e., that women who are obese in midlife are more
likely than otherwise similar women who are of desirable
weight to develop dementia some years later. Given the
effects in high-income countries of midlife obesity on blood
pressure, diabetes mellitus, and occlusive stroke, it is
plausible that midlife obesity could also increase the in-
cidence of vascular dementia (and, more generally, that
some other factors that predispose to occlusive stroke may,
even in the absence of a definite major stroke, also pre-
dispose to vascular dementia).

For low caloric intake and physical inactivity, the short-term
excess risks in this study are consistent with previous systematic
reviews, which are dominated by studies with short-term fol-
low-up.8–10,26–29 A recent study with a mean follow-up of 26
years1 that was not included in those meta-analyses found no
association of dementia risk with physical activity, in line with
our long-term findings. The excess dementia detection rates
associated with low caloric intake and physical inactivity during
the first decade of follow-up that decline with follow-up dura-
tion, becoming close to null during follow-up years 15+, are
consistent with reports that appreciable weight loss and re-
duced physical activity can precede the clinical diagnosis of
dementia by about a decade1–4 and suggest that the short-term
associations could well be largely or wholly the consequence of
preclinical dementia.

Important strengths of this population-based study are
the inclusion of ≈1 in 4 of all UK women born in 1935 to
1950 and the virtually complete long-term follow-up for
hospital records that mention dementia over ≈2 decades.
The main weakness is that the chief endpoint is a hospital
admission with mention of dementia (about half with spe-
cific mention of Alzheimer disease or of vascular dementia
and about half without). In this cohort, however, <5% of the
hospital diagnoses of dementia could not be confirmed in
primary care records,20 and in England, half of those with
a diagnosis of dementia in primary care will within the next 4
years have a hospital admission with mention of dementia.
Comparison of NHS hospital diagnoses and expert clinical
adjudication showed an overall positive predictive value of
87% for hospital diagnoses of any dementia, with somewhat
lower values for the separate endpoints of Alzheimer disease
and vascular dementia.30 While not all women with de-
mentia diagnosed in primary care are admitted to hospital,
only 0.1% of a randomly selected subset of women with no
hospital record of the disease in this cohort were reported on
inquiry to their primary care physician to have dementia.20

Hence, the large majority of women categorized as having
dementia and the large majority categorized as not having
dementia were correctly classified. Some misclassification is
inevitable, which would be expected to dilute any real
associations.

The short-term associations of dementia with physical in-
activity, low caloric intake, and low BMI are likely to be mainly

Figure 6 Probability of first admission to hospital with de-
mentia by time since first mention of dementia in
primary care

CI = confidence interval.
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due to preclinical dementia affecting behavior and weight loss.
In this population, midlife obesity is the only factor examined
that is likely to be causally related to dementia, perhaps chiefly
through its effects on vascular disease.
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