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ABSTRACT

Background: Both weight loss and cognitive impairment are common in late-life, but it remains unknown whether weight
change is associated with risk of incident dementia among elderly Japanese. Our study aimed to investigate the association
between long-term weight change since midlife and risk of incident disabling dementia using a community-based cohort study

of elderly Japanese.

Methods: In 2006, we conducted a cohort study of 6,672 disability-free Japanese adults aged >65 years. In both 1994 and 2006,
the participants reported their weight using a self-reported questionnaire. Based on weight obtained at these two time points,
participants were classified into: stable weight (—1.4 to +1.4kg), weight gain (>+1.5kg), and weight loss of —2.4 to —1.5kg,
—3.4 to —2.5kg, —4.4 to —3.5kg, —5.4 to —4.5kg, and >—5.5kg. Incident disabling dementia was retrieved from the public
Long-term Care Insurance database. Participants were followed-up for 5.7 years (between April 2007 and November 2012). Cox
proportional hazards model was used to estimate multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (Cls)

for incident disabling dementia.

Results: During 32,865 person-years of follow-up, 564 participants were ascertained as having incident disabling dementia.
Compared with stable weight, the multivariable-adjusted HRs were 0.97 (95% CI, 0.70-1.34) for weight loss of —2.4 to —1.5 kg,
0.98 (95% CI, 0.70-1.38) for —3.4 to —2.5kg, 1.28 (95% CI, 0.91-1.81) for —4.4 to —3.5kg, 1.27 (95% CI, 0.92-1.77) for —5.4

to —4.5kg, and 1.64 (95% CI, 1.29-2.09) for >—5.5kg.

Conclusion: Our study suggested that a >—3.5 kg weight loss over 12 years might be associated with higher risk of incident

disabling dementia among elderly Japanese.
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INTRODUCTION

The number of people living with dementia is rising rapidly
worldwide, estimated at 47 million in 2015 and projected to triple
by 2050.! Although the incidence rate of dementia has been
reported to have declined in Europe and North America,” it is still
increasing in most countries worldwide.! Thus, it is crucial to
identify modifiable risk factors for preventing dementia.

Obesity in midlife is an important risk factor for incident
dementia,® and being underweight in late-life also seems to be
associated with higher risk of incident dementia.* There has been
accumulating evidence that weight loss during adulthood is
associated with dementia.>'® However, most studies were
conducted among Caucasians,””'> whom usually have higher body
weight and weight change than Asians. One study suggested that a
weight loss of <-7.5kg over 30 years was significantly associated
with risk of death from dementia,” whereas others reported a >5%
loss in body mass index (BMI) over 3 to 9 years was associated

with dementia risk.>'> Only one study was conducted in Asia,
which was a report from South Korea that also found a >10% loss
in BMI over a 2-year period was associated with dementia.®
However, it remained unstudied whether body weight loss had an
association with dementia among Japanese elderly. We hypothe-
sized that weight loss might be consistently associated with
dementia among Japanese elderly, but a smaller amount of weight
loss would have an association with an elevated risk.

Thus, our study aimed to examine the association between long-
term weight change since midlife and risk of incident disabling
dementia, with particular focus on exploring the specific amount of
weight loss at which people started showing an elevated risk,
among elderly Japanese using a community-based cohort study.

METHODS

Study cohort

Similar to our previous studies,'*!

we used merged data from the
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Ohsaki Cohort Study and the Ohsaki Cohort 2006 Study, details
of which have already been described elsewhere.!'®!”

The Ohsaki Cohort 2006 Study was a community-based cohort
study conducted in Ohsaki City, Miyagi Prefecture, Japan. All the
citizens of Ohsaki City aged >65 years were invited to participant
in the baseline survey, which was conducted from December
1-15, 2006. Then, the participants were followed-up from April
1, 2007.

In the same area, a health-related questionnaire survey
(the 1994 Survey) was also conducted between October and
December 1994. Although only National Health Insurance
beneficiaries were invited in the 1994 Survey, some citizens of
Ohsaki city participated in both surveys.

At baseline, 23,091 out of 31,694 eligible participants (72.9%)
provided valid responses and formed the cohort study. We then
excluded participants who disagreed to a review of their Long-
term Care Insurance (LTCI) information, who had already been
certified as having disability by the LTCI or had died or
emigrated before follow-up, who had not participated in the 1994
Survey, whose data on weight in either 1994 or 2006 were
missing, and whose amount of weight change was out of the
0.1-99.9% distribution. Thereafter, we also excluded participants
certified as having disability during follow-up who were lack of
their Doctor’s Opinion Paper (DOP). The DOP is a standard form
used for assessing patients’ chronic medical conditions and
functions of daily life. Finally, 6,672 participants were included
for the statistical analysis (Figure 1).

Weight change (exposure)

Data on self-reported weight were collected from the baseline
survey and the 1994 Survey. The amount of weight change was
calculated as self-reported weight in 2006 subtracted by self-
reported weight in 1994. Thereafter, participants were primarily
classified into three groups, a weight loss (<—1.5kg) group, a
stable weight (—1.4 to +1.4kg) group, and a weight gain
(=+1.5kg) group. We further divided people with weight loss
into five groups of —2.4 to —1.5kg, —3.4 to —2.5kg, —4.4 to
-3.5kg, —5.4 to —4.5kg, and >-5.5kg.

Follow-up (incident disabling dementia)

Incident disabling dementia was defined as the primary outcome
according to the criteria of the LTCI system that has been
implemented in Japan since April 2000.'"® The LTCI is a
mandatory form of national social insurance to assist activities
of daily living in the disabled elderly provided by municipal-
ities.!” People aged >40 years paying premiums and those aged
>65 years are eligible to apply for formal caregiving services.
People were ascertained as having disability under a uniform
standard of disability certification which consist of two parts of
information source: one is assessment of the degree of functional
disability using a standardized questionnaire developed by the
Minister of Health, Labour and Welfare, and the other is reference
to the DOP prepared by the attending physician.

Thereafter, among people ascertained as having disability, we
defined disabling dementia as exceeding rank I (ie, >rank II) on
the Dementia Scale (Degree of Independence in Daily Living
for Elderly with Dementia), as entered on the DOP. This cutoff
point for defining incident disabling dementia has been used in
previous studies.'®2° The Dementia Scale were reported to have a
satisfying sensitivity and specificity against clinical diagnoses by
neuropsychiatrists.?!
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All participants were followed up by reviewing information on
LTCI certification, death, or emigration from Ohsaki City. All
data were transferred annually in December from the Ohsaki
City Government under an agreement related to Epidemiologic
Research and Privacy Protection.

Covariates

We obtained information on socio-demographic, lifestyle, and
health-related variables in both 1994 and 2006. Body mass index
(BMI) was calculated as the self-reported weight (kg) divided by
the square of the self-reported height (m). Energy intake was
obtained based on a 39-item food frequency questionnaire which
has been validated previously,'>?* and changes in energy intake
between 1994 and 2006 were calculated. Persistently walking
for >1h/d was defined as reporting >1h/d of walking in both
1994 and 2006. Any new reported disease was defined as
reporting history of diseases in 2006 but not in 1994. In 2006,
psychological distress was additionally measured using the
Kessler 6-item Psychological Distress Scale.?*** We classified
individuals with a score >13 as having psychological distress.?

Ethical issues

Informed consent was obtained from all individual participants
included in the study. We considered the return of completed
questionnaires to imply consent to participate in the study
involving surveys data and subsequent follow-up of death and
emigration. We also confirmed information regarding LTCI
certification status after obtaining written consent along with the
questionnaires returned from subjects at the time of the baseline
survey in 2006. The Ethics Committee of Tohoku University
Graduate School of Medicine (Sendai, Japan) reviewed and
approved the study protocol (approval Nos. 2014-1-839 and
2016-1-586).

Statistical analysis

We counted the person-years of follow-up for each subject from
April 1, 2007 until the date of ascertainment of incident disabling
dementia, date of emigration from the study area, date of death,
date of incident disability without dementia or the end of the
follow-up (November 30, 2012), whichever occurred first.

Kaplan-Meier curves of dementia-free probability distribution
were drawn, and log-rank tests were conducted using the multiple
comparison method (ie, Dunnett’s test) to examine differences
between the reference group and the other groups.

The multivariable-adjusted Cox proportional hazards model
was used to calculate the hazard ratios (HRs) and 95% confidence
intervals (CIs) for incident disabling dementia according to
weight change with “stable weight” as the reference category.
Dummy variables were created for each group of the exposure
and covariates. Multivariable models were adjusted for the
following variables. Model 1 was adjusted for sex and age
(continuous); model 2 was further adjusted for education level,
smoking status, time spent walking, psychological distress,
history of diseases in 2006, and BMI in 1994; and model 3
was further adjusted for changes in covariates between 1994 and
2006. To test for linear trends, categories indicating weight loss
were entered as a continuous variable in corresponding models.

Then, we also conducted stratification analysis according to
sex, age in 1994 (<60 or >60 years), and BMI in 1994 (<25.0
or >25.0kg/m?) to investigate any differences existing in the
association between weight change and dementia. In addition,
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All citizens (65 years or older) of the baseline
survey in 2006

\l, Response rate = 72.9%

Valid response

Participants who agreed to a review of their
Long-term Care Insurance information

Participants who had not been certified as
having disability before follow-up

Participants who had not died or moved out
before follow-up

Participants who also participated in the
questionnaire survey in 1994

Participants whose data on weight in 1994 and
2006 were both available

Participants whose weight change was in the
range from 0.1% to 99.9%

5.7 years of follow-up

m—

Excluding: 83 Participants who became disability
during follow-up but whose Doctor's Opinon Paper

was unavailable

(32,865 person-years)

6,672 Participants eligible for statistical analyses

1,359 (20.4%) Incident disability
564 (8.5%) Incident dementia
479 (7.2%) Death without disability
\ 76 (1.1%) Lost to follow-up because of emigration

Figure 1.

tests of interaction between weight loss and stratified variables
were also performed by adding a cross-product term to corre-
sponding models. An unintentional weight loss of <-2 to -3
kg/6 months was one of the indicators when evaluating frailty
among Japanese elderly.?>2® We also conducted a sensitivity
analysis by excluding 1,224 participants who reported an
unintentional weight loss of <—2 to —3kg/6 months at baseline
using the Kihon Checklist, attempting to minimize the effect of
short-term weight loss due to frailty.

Kaplan-Meier curves were drawn by STATA/MP 16.1
(StataCorp, College Station, TX, USA). All the other analyses

Flow chart of study participants

were performed using SAS version 9.4 (SAS Institute, Cary, NC,
USA). All statistical tests described here were two-sided, and
differences at P < 0.05 were accepted as statistically significant.

RESULTS

During 32,865 person-years of follow-up, among 6,672
participants (mean age, 74.5; standard deviation [SD], 5.5 years
old; male: 43.8%), 564 (8.5%) participants were ascertained as
having incident disabling dementia. Table 1 shows the character-
istics of the participants according to categories of weight change.
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Table 1. Characteristics of participants according to weight change (n = 6,672)

Weight change

Weight loss Stable weight Weight gain P-value'
(2-1.5kg) (=14 to +1.4kg) (>+1.5kg)
Number of participants 3,113 1,949 1,610
Weight changes, kg, mean (SD) -5.2(3.4) 0.0 (0.7) 4.4 (2.8) <0.0001
Age, yr., mean (SD) 75.4 (5.6) 739 (5.2) 73.6 (5.4) <0.0001
Male, % 435 41.7 46.8 0.0086
Junior high school or lower, %* 315 28.3 30.8 0.2033
Current smokers, % 14.9 12.0 12.5 <0.0001
Time spent walking (<0.5h/day), % 353 31.8 36.1 0.0031
Psychological distress, %" 6.0 34 4.8 0.0008
History of diseases, %
Stroke 2.8 2.5 35 0.1792
Hypertension 54.5 56.6 62.1 <0.0001
Myocardial infarction 5.8 3.0 4.9 <0.0001
Gastric and duodenal ulcer 16.5 14.6 15.3 0.2047
Diabetes 14.0 9.0 10.1 <0.0001
Cancers 10.7 5.9 6.9 <0.0001
BMI in 1994, kg/m?, mean (SD) 23.9 (3.0) 23.5 (2.9) 23.4 (2.9) <0.0001
BMI in 2006, kg/m?, mean (SD) 223 (3.1) 23.8 (3.0) 255 3.2) <0.0001
Changes in energy intake per day, kcal, mean (SD)® —81.6 (525.9) —35.8 (540.1) —34.6 (509.8) 0.0016
Persistently walking for >1h/day, %9 19.1 23.5 18.5 0.0003
Any new reported disease, % 40.8 34.3 37.9 <0.0001

BMI, body mass index.

“Age when completing education <16Yy.

YKessler 6-item Psychological Distress Scale score >13.

‘Changes in daily energy intake = daily energy intake in 2006 — daily energy in take in 1994.

dParticipants reporting time spent walking for 1h/day in both 1994 and 2006.

Participants reporting history of stroke, hypertension, myocardial infarction, gastric and duodenal ulcer, diabetes, or cancers in 2006 not in 1994.
fCalculated by ANOVA test for continuous variables and y2 test for categorical variables.

Participants with weight loss were more likely to be older,
smokers, have psychological distress, have a history of MI,
diabetes, or cancer, and have decreased daily energy intake
(Table 1).

Figure 2 shows the Kaplan-Meier curves of dementia-free
probability distribution. The results of the log-rank tests
suggested that compared with stable weight, groups of —4.4 to
—3.5kg, —5.4 to —4.5kg, and <-5.5kg of weight loss showed a
significant difference (data not shown).

Table 2 and Table 3 shows the association between weight
change and risk of incident disabling dementia. Compared to
participants with stable weight, the HRs were 1.26 (95% CI,
1.03-1.54) for weight loss and 0.82 (95% CI, 0.63-1.06) for
weight gain. The results remained unchanged after adjustment
for changes in covariates in model 3 (Table 2). Further, more
detailed results regarding weight loss are presented in Table 3.
The multivariable-adjusted HRs were 0.97 (95% CI, 0.70-1.34)
for weight loss of —2.4 to —1.5kg, 0.98 (95% CI, 0.70-1.38) for
—3.4 to —2.5kg, 1.28 (95% CI, 0.91-1.81) for —4.4 to —3.5kg,
1.27 (95% CI, 0.92-1.77) for —5.4 to —4.5kg, and 1.64 (95% CI,
1.29-2.09) for <-5.5kg (Table 3). Additionally, the results of

Kaplan-Meier survival estimate

Dementia-free probability
0.92 0.96 1.00
1 1 1

0.88
1

the sensitivity analysis were attenuated modestly after excluding
participants who reported an unintentional weight loss of <-2 to <55k
—3kg/6 months (model 4). Table 4 shows the results of stratified

analyses, but no interaction was observed for each stratified 3
covariate. o Y T T T T
0 500 1000 1500 2000
Follow-up time (days)
DISCUSSION
We examined the association between long-term weight change Figure 2. Kaplan—Meier curves of dementia-free probability
since midlife and risk of incident disabling dementia among distribution according to weight change groups
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Table 2. Association between weight change and incident
disabling dementia (n = 6,672)?

Weight change

Weight loss Stable weight Weight gain

(£-15kg)  (~l4to+ldkg)  (>+1.5kg)

Number of participants 3,113 1,949 1,610
Number of cases 327 141 96
Person years 14,805 9,941 8,119
Incident rate/1,000 person-years 22.1 142 11.8
Crude model 1.58 (1.30-1.93) 1.00 (ref:) 0.84 (0.65-1.08)
Model 1° 1.31 (1.08-1.60) 1.00 (ref) 0.85 (0.66-1.10)
Model 2¢ 1.26 (1.03-1.54) 1.00 (ref.) 0.82 (0.63-1.06)
Model 3¢ 1.27 (1.04-1.55) 1.00 (ref:) 0.82 (0.63-1.06)
Model 4° 1.21 (0.96-1.51) 1.00 (ref:) 0.78 (0.59-1.05)

“Hazard ratios (HRs) and 95% confidence intervals (95% CIs) were
calculated by Cox proportional hazards models.

"Model 1 was adjusted for sex and age (continuous).

“Model 2 was adjusted for model 1 plus education level (junior high school
or lower, high school, college or higher, or missing), smoking status (current,
never, former, or missing), time spent walking (<0.5h, 0.5-1h, >1h, or
missing), psychological distress (yes, no, or missing), history of diseases
(stroke, hypertension, myocardial infarction, gastric and duodenal ulcer,
diabetes, or cancers[yes, or no]) in 2006, and BMI in 1994 (<18.5 kg/mQ,
18.5-24.9kg/m?, >25.0kg/m?, or missing).

dModel 3 was adjusted for model 2 plus changes in daily energy intake
(in tertiles, kcal/d), persistently walking for >1h/day (yes, no, or missing),
and any new reported diseases (yes, or no) between 1994 and 2006.
“Model 4 was adjusted for the same covariates as Model 3 but excluding

Our findings of the association between weight loss and
dementia are generally consistent with the results from previous
studies, ¥ but most of them were conducted among
Caucasians who usually had larger body weight and weight
change than Asians. The Whitehall study suggested that a
<-7.5kg weight loss over 30 years from midlife to late-life was
associated with risk of death from dementia compared to stable
weight (2.5 to +2.5kg).” While our participants of Japanese
elderly were generally with smaller weight, and a relatively
smaller weight loss (ie, <—3.5kg) over 12 years seemed to be
associated with an elevated dementia risk.

Short-term weight loss within about 6 months to 1 year was
used to evaluate frailty among the elderly,>?® which has been
indicated as a predictor of dementia.”® We conducted a sensitivity
analysis where excluding people who reported a <-2 to —3kg
weight loss during the past 6 months, which was one indicator of
frailty; however, the results were modestly attenuated suggesting
that frailty could partly explain the association of weight loss with
dementia but that other pathologies could be possible. For
example, cardiovascular risk factors play an important role in
dementia development. A previous study showed that compared
to American adults with stable weight, those with a >3% weight
loss were associated with elevated risk of stroke, which was a
major factor for vascular dementia and Alzheimer’s disease
(AD).? Moreover, weight loss and the associated alterations in

adipose tissue function and structure could also negatively affect
brain health.!® Also, weight loss could be caused by pre-existing
type 2 diabetes, which is a risk factor for dementia. A previous
study showed that weight loss among diabetes patients was
associated with an increased risk of dementia.° Additionally, it
was reported that weight loss might be directly associated with
changes in brain structure,’™>3 and one study suggested that the
association between weight loss, AD biomarkers and brain

participants who reported an unintentional weight loss of <-2 to —3kg/6
months at baseline (n = 5,448).

Japanese elderly. We found that compared with participants with
stable weight (—1.4 to +1.4kg), those with a <-3.5kg weight
loss over 12 years showed a higher risk of incident disabling
dementia.

Table 3. Association between weight change in seven groups and incident disabling dementia (n = 6,672)?

Weight change

Weight loss Stable weight ~ Weight gain
(<-5.5kg) (=54 t0 —4.5kg) (—4.4 to —3.5kg) (=3.4 to —2.5kg) (=2.4 to —1.5kg) (=1.4to +1.4ke) (>+1.5kg)
Number of participants 1,052 474 419 529 639 1,949 1,610
Number of cases 138 49 43 45 52 141 96
Person years 4,704 2,240 2,043 2,642 3,176 9,941 8,119
Incident rate/1,000 person-years 29.3 21.9 21.0 17.0 16.4 14.2 11.8
2.13 1.58 1.50 1.21 1.16 0.84
Crude model (1.69-2.69)  (1.14-2.18) (1.07-2.12) (0.86-1.60) (0.65-1.08) 1.00 (ref) (0.65-1.08)
1.71 1.28 1.31 1.00 1.00 0.85
b
Model 1 (135-2.17)  (0.93-1.78) (0.93-1.84) 0.73-1.37) (0.72-1.41) 1.00 (ref) (0.66-1.10)
1.62 1.27 1.28 0.98 0.97 0.82
.
Model 2 (127-2.07)  (0.91-1.76) (0.90-1.80) (0.70-1.37) (0.70-1.33) 1.00 (ref) (0.63-1.06)
1.64 127 1.28 0.98 0.97 0.82
d
Model 3 (129-2.09)  (0.92-1.77) (0.91-1.81) (0.70-1.38) (0.70-1.34) 1.0 (ref) (0.63-1.06)
1.53 1.19 118 1.02 1.01 0.78
€
Model 4 (1.15-2.03)  (0.81-1.74) (0.79-1.77) (0.71-1.48) (0.71-1.43) 1.00 (ref) (0.59-1.05)

%Hazard ratios (HRs) and 95% confidence intervals (95% Cls) were calculated by Cox proportional hazards models.

"Model 1 was adjusted for sex and age (continuous).

“Model 2 was adjusted for model 1 plus education level (junior high school or lower, high school, college or higher, or missing), smoking status (current, never,
former, or missing), time spent walking (<0.5h, 0.5-1h, >1h, or missing), psychological distress (yes, no, or missing), history of diseases (stroke, hypertension,
myocardial infarction, gastric and duodenal ulcer, diabetes, or cancers[yes, or no]) in 2006, and BMI in 1994 (<18.5kg/m?, 18.5-24.9 kg/m?, >25.0kg/m>, or
missing).

dModel 3 was adjusted for model 2 plus changes in daily energy intake (in tertiles, kcal/d), persistently walking for >1h/day (yes, no, or missing), and any new
reported diseases (yes, or no) between 1994 and 2006.

®Model 4 was adjusted for the same covariates as Model 3 but excluding participants who reported an unintentional weight loss of <-2 to —3kg/6 months at
baseline (n = 5,448).
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Table 4. Association between weight change in seven groups and incident disabling dementia in stratification analysis?

Weight change P-interaction
Weight loss Stable weight ~ Weight gain  for weight
b
(£-5.5kg) (=5.4to —4.5kg) (4.4 to —=3.5kg) (=3.4to —2.5kg) (=2.4 to —1.5kg) (1.4 to +1.4kg) (>+1.5kg) loss
Sex
Male (n =2,919) 0.213
. 1.72 1.48 1.42 1.27 0.93 0.82
Model 1 (1.18-2.49)  (0.93-2.38) (0.82-2.44) (0.79-2.04) (0.58-1.49) 1.00 (ref) (0.56-1.20)
Female (n = 3,753)
1.54 1.09 121 0.76 1.04 0.83
C
Model 1 (1L.11=2.13)  (0.69-1.74) (0.77-1.91) (0.47-1.24) (0.67-1.62) 1.00 Gref) (0.58-1.19)
Age in 1994
<60 years old
(n =2,129) 0216
1.94 1.45 0.62 0.73 1.17 1.05
. .
Model 2 (0.95-4.00)  (0.57-3.70) (0.14-2.65) (0.22-2.50) (0.46-2.97) 1.00 (ref) (0.54-2.01)
>60 years old
(n = 4,543)
1.83 1.39 1.54 1.13 1.07 0.79
. .
Model 2 (1.41-2.37)  (0.98-1.97) (1.08-2.20) (0.79-1.60) (0.76-1.50) 1.00 (ref) (0.59-1.05)
BMI in 1994
<25 (n = 4,637) 0.601
1.78 147 1.19 1.06 0.92 0.86
€
Model 3 (125-2.52)  (1.01-2.14) (0.78-1.82) (0.73-1.56) (0.63-1.34) 1.00 (ref) (0.64-1.16)
>25 (n = 1,948)
1.49 0.90 1.59 0.83 1.24 0.82
e
Model 3 0.92-2.41)  (0.45-1.82) (0.83-3.03) (0.38-1.84) (0.66-2.35) 1.00 (ref) (0.46-1.44)

“Hazard ratios (HRs) and 95% confidence intervals (95% Cls) were calculated by Cox proportional hazards models.
®p-interaction for weight loss was considered as P value of the cross-product term added into the corresponding models.
“Model 1 was adjusted for the same covariates in Model 3 in Table 2 except sex.

dModel 2 was adjusted for the same covariates in Model 3 in Table 2 except age.

®Model 3 was adjusted for the same covariates in Model 3 in Table 2 except BMI in 1994.

atrophy in healthy participants remained significant even after the
exclusion of subjects with progression to mild cognitive
impairment or dementia in the follow-up.*’

Japanese adults may start to lose weight in late midlife because
of less energy intake and physical activity,>* but it remains
unknown whether weight loss starting from midlife would also be
related to dementia among Japanese. We analyzed the data
stratified by age in 1994, (<60 or >60 years) and observed that a
<—4.5kg weight loss among younger individuals (ie, <60 years
in 1994) was associated with an elevated disabling dementia risk.
Similarly, previous studies with longer follow-up also found that
weight loss over 5 to 30 years among an even younger population
was associated with higher risk of dementia.”%3

Nevertheless, we could not rule out the possibility of reverse
causality where weight loss might act as a marker of dementia
development and start as early as 1 or 2 decades before
diagnosis.>>® Prior studies explained that impairment in smell-
ing, swallowing, or chewing functions during the preclinical
phase of dementia may contribute to decreased appetite, reduced
energy intake, and consequent weight loss.>’38

Our study had some limitations. First, although the response
rate was relatively high (72.9%), we cannot rule out the
possibility of selection bias among the current study population.
Unfortunately, we have no information regarding non-responders.
Second, body weight was self-reported, and therefore may have
been underestimated by participants, and it is unclear to what
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extent weight change in the present study reflected objective
measurements. Third, we did not ask participants about their
reason for losing weight. Weight loss could be unintentionally
caused by chronic diseases or could be an intentional decision.
Despite these limitations, our study had some strengths, including
the large number of participants, the high rate of follow-up and
considerable control of confounding factors.

In conclusion, our study suggested that a <—3.5 kg weight loss
over 12 years was associated with a higher risk of incident
disabling dementia among elderly Japanese. An unintentional
weight loss within a short period is easy to notice, but a long-term
one is more often to be neglected. Thus, the present finding is a
useful message to geriatricians, that long-term weight loss also
should be taken seriously and that regular weight check since
midlife may serve as a cost-effective tool to screen those at-risk of
dementia.

ACKNOWLEDGEMENTS

Funding: This work was supported by JSPS KAKENHI Grant
Number 17H04130, and by a grant-in-aid from the Ministry of
Health, Labour and Welfare, Health and Labor Sciences research
grants, Japan (Comprehensive Research on Cardiovascular and
Life-Style Related Diseases: H29-Junkankitou [Ippan]-003,
19FA2001, 20FA1002).

Conflicts of interest: None declared.



LuY, et al

Authors’ contribution: I.T. designed and conducted research;

Y.L. analyzed data and wrote the paper; S.M., Y.S. and LT.
provided constructive suggestions; Y.S. had primary responsi-
bility for final content. All authors read and approved the final
manuscript. Y.L. received financial support from the Otsuka
Toshimi Scholarship on the period of 2019-2021. The authors
would like to thank Yoshiko Nakata for her technical assistance.

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

. Lee CM, Woodward M, Batty GD,

Livingston G, Sommerlad A, Orgeta V, et al. Dementia prevention,
intervention, and care. Lancet. 2017;390(10113):2673-2734.
Winblad B, Amouyel P, Andrieu S, et al. Defeating Alzheimer’s
disease and other dementias: a priority for European science and
society. Lancet Neurol. 2016;15(5):455-532.

. Albanese E, Launer LJ, Egger M, et al. Body mass index in midlife

and dementia: systematic review and meta-regression analysis of
589,649 men and women followed in longitudinal studies.
Alzheimers Dement (Amst). 2017;8:165-178.

. Qizilbash N, Gregson J, Johnson ME, et al. BMI and risk of

dementia in two million people over two decades: a retrospective
cohort study. Lancet Diabetes Endocrinol. 2015;3(6):431-436.

et al. Association of
anthropometry and weight change with risk of dementia and its
major subtypes: a meta-analysis consisting 2.8 million adults with
57294 cases of dementia. Obes Rev. 2020;21(4):e12989.

. Park S, Jeon SM, Jung SY, Hwang J, Kwon JW. Effect of late-life

weight change on dementia incidence: a 10-year cohort study using
claim data in Korea. BMJ Open. 2019;9(5):e021739.

. Allen AN, Clarke R, Shipley M, Leon DA. Adiposity in middle and

old age and risk of death from dementia: 40-year follow-up of 19,000
men in the Whitehall study. Age Ageing. 2019;48(2):247-253.

. Strand BH, Wills AK, Langballe EM, Rosness TA, Engedal K,

Bjertness E. Weight change in midlife and risk of mortality from
dementia up to 35 years later. J Gerontol A Biol Sci Med Sci. 2017;
72(6):855-860.

. Beydoun MA, Lhotsky A, Wang Y, et al. Association of adiposity

status and changes in early to mid-adulthood with incidence of
Alzheimer’s disease. Am J Epidemiol. 2008;168(10):1179-1189.
LeBlanc ES, Rizzo JH, Pedula KL, et al. Weight trajectory over
20 years and likelihood of mild cognitive impairment or dementia
among older women. J Am Geriatr Soc. 2017;65(3):511-519.
Power BD, Alfonso H, Flicker L, Hankey GJ, Yeap BB, Almeida
OP. Changes in body mass in later life and incident dementia. Int
Psychogeriatr. 2013;25(3):467-478.

Atti AR, Palmer K, Volpato S, Winblad B, De Ronchi D, Fratiglioni
L. Late-life body mass index and dementia incidence: nine-year
follow-up data from the Kungsholmen Project. J Am Geriatr Soc.
2008;56(1):111-116.

Luchsinger JA, Patel B, Tang MX, Schupf N, Mayeux R. Measures
of adiposity and dementia risk in elderly persons. Arch Neurol.
2007;64(3):392-398.

Lu Y, Sugawara Y, Zhang S, Tomata Y, Tsuji I. Changes in sleep
duration and the risk of incident dementia in the elderly Japanese:
the Ohsaki Cohort 2006 Study. Sleep. 2018;41(10).

Matsuyama S, Zhang S, Tomata Y, et al. Association between
improved adherence to the Japanese diet and incident functional
disability in older people: The Ohsaki Cohort 2006 Study. Clin Nutr.
2020;39(7):2238-2245.

Tsuji I, Nishino Y, Ohkubo T, et al. A prospective cohort study on
National Health Insurance beneficiaries in Ohsaki, Miyagi Prefecture,
Japan: study design, profiles of the subjects and medical cost during
the first year. J Epidemiol. 1998;8(5):258-263.

Kuriyama S, Nakaya N, Ohmori-Matsuda K, et al. The Ohsaki
Cohort 2006 Study: design of study and profile of participants at
baseline. J Epidemiol. 2010;20(3):253-258.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Ikeda A, Yamagishi K, Tanigawa T, et al. Cigarette smoking and
risk of disabling dementia in a Japanese rural community: a nested
case-control study. Cerebrovasc Dis. 2008;25(4):324-331.

Tsutsui T, Muramatsu N. Care-needs certification in the long-term
care insurance system of Japan. J Am Geriatr Soc. 2005;53(3):522—
527.

Okumura Y, Kuze J, Higuchi K. Prevalence of problematic
behaviors in the ambulant elderly with dementia. Kawasaki J Med
Welf. 2009;15(1):9.

Noda H, Yamagishi K, Ikeda A, Asada T, Iso H. Identification of
dementia using standard clinical assessments by primary care
physicians in Japan. Geriatr Gerontol Int. 2018;18(5):738-744.
Ogawa K, Tsubono Y, Nishino Y, et al. Validation of a food-
frequency questionnaire for cohort studies in rural Japan. Public
Health Nutr. 2003;6(2):147-157.

Kessler RC, Green JG, Gruber MJ, et al. Screening for serious
mental illness in the general population with the K6 screening scale:
results from the WHO World Mental Health (WMH) survey
initiative. Int J Methods Psychiatr Res. 2010;19(Suppl 1):4-22.
Kessler RC, Andrews G, Colpe LJ, et al. Short screening scales to
monitor population prevalences and trends in non-specific psycho-
logical distress. Psychol Med. 2002;32(6):959-976.

Satake S, Shimada H, Yamada M, et al. Prevalence of frailty among
community-dwellers and outpatients in Japan as defined by the
Japanese version of the Cardiovascular Health Study criteria. Geriatr
Gerontol Int. 2017;17(12):2629-2634.

Fried LP, Tangen CM, Walston J, et al. Frailty in older adults:
evidence for a phenotype. J Gerontol A Biol Sci Med Sci. 2001;56(3):
M146-M156.

Tolppanen AM, Ngandu T, Kareholt I, et al. Midlife and late-life
body mass index and late-life dementia: results from a prospective
population-based cohort. J Alzheimers Dis. 2014;38(1):201-209.
Kojima G, Taniguchi Y, Iliffe S, Walters K. Frailty as a predictor of
Alzheimer disease, vascular dementia, and all dementia among
community-dwelling older people: a systematic review and meta-
analysis. J Am Med Dir Assoc. 2016;17(10):881-888.

Stevens J, Erber E, Truesdale KP, Wang CH, Cai J. Long- and short-
term weight change and incident coronary heart disease and ischemic
stroke. Am J Epidemiol. 2013;178(2):239-248.

Nam GE, Park YG, Han K, et al. BMI, weight change, and dementia
risk in patients with new-onset type 2 diabetes: a nationwide cohort
study. Diabetes Care. 2019;42(7):1217-1224.

Bobb JF, Schwartz BS, Davatzikos C, Caffo B. Cross-sectional and
longitudinal association of body mass index and brain volume. Hum
Brain Mapp. 2014;35(1):75-88.

Driscoll I, Gaussoin SA, Wassertheil-Smoller S, et al. Obesity and
Structural brain integrity in older women: the women’s health
initiative magnetic resonance imaging study. J Gerontol A Biol Sci
Med Sci. 2016;71(9):1216-1222.

Jimenez A, Pegueroles J, Carmona-Iragui M, et al. Weight loss in the
healthy elderly might be a non-cognitive sign of preclinical
Alzheimer’s disease. Oncotarget. 2017;8(62):104706—-104716.
Otsuka R, Kato Y, Nishita Y, et al. Age-related changes in energy
intake and weight in community-dwelling middle-aged and elderly
Japanese. J Nutr Health Aging. 2016;20(4):383-390.
Ravona-Springer R, Schnaider-Beeri M, Goldbourt U. Body weight
variability in midlife and risk for dementia in old age. Neurology.
2013;80(18):1677-1683.

Singh-Manoux A, Dugravot A, Shipley M, et al. Obesity trajectories
and risk of dementia: 28 years of follow-up in the Whitehall II
Study. Alzheimers Dement. 2018;14(2):178-186.

Suemoto CK, Gilsanz P, Mayeda ER, Glymour MM. Body mass
index and cognitive function: the potential for reverse causation. Int
J Obes (Lond). 2015;39(9):1383—1389.

Knopman DS, Edland SD, Cha RH, Petersen RC, Rocca WA.
Incident dementia in women is preceded by weight loss by at least a
decade. Neurology. 2007;69(8):739-746.

J Epidemiol 2022;32(5):237-243 | 243


https://pubmed.ncbi.nlm.nih.gov/28735855
https://pubmed.ncbi.nlm.nih.gov/26987701
https://pubmed.ncbi.nlm.nih.gov/28761927
https://pubmed.ncbi.nlm.nih.gov/25866264
https://pubmed.ncbi.nlm.nih.gov/31898862
https://pubmed.ncbi.nlm.nih.gov/31110079
https://pubmed.ncbi.nlm.nih.gov/30624572
https://pubmed.ncbi.nlm.nih.gov/27510654
https://pubmed.ncbi.nlm.nih.gov/27510654
https://pubmed.ncbi.nlm.nih.gov/18835864
https://pubmed.ncbi.nlm.nih.gov/27991654
https://pubmed.ncbi.nlm.nih.gov/23151427
https://pubmed.ncbi.nlm.nih.gov/23151427
https://pubmed.ncbi.nlm.nih.gov/18028342
https://pubmed.ncbi.nlm.nih.gov/18028342
https://pubmed.ncbi.nlm.nih.gov/17353383
https://pubmed.ncbi.nlm.nih.gov/17353383
https://pubmed.ncbi.nlm.nih.gov/30053239
https://pubmed.ncbi.nlm.nih.gov/31672331
https://pubmed.ncbi.nlm.nih.gov/31672331
https://pubmed.ncbi.nlm.nih.gov/9884474
https://pubmed.ncbi.nlm.nih.gov/20410670
https://pubmed.ncbi.nlm.nih.gov/18303251
https://pubmed.ncbi.nlm.nih.gov/15743300
https://pubmed.ncbi.nlm.nih.gov/15743300
https://pubmed.ncbi.nlm.nih.gov/29336097
https://pubmed.ncbi.nlm.nih.gov/12675957
https://pubmed.ncbi.nlm.nih.gov/12675957
https://pubmed.ncbi.nlm.nih.gov/20527002
https://pubmed.ncbi.nlm.nih.gov/12214795
https://pubmed.ncbi.nlm.nih.gov/29265757
https://pubmed.ncbi.nlm.nih.gov/29265757
https://pubmed.ncbi.nlm.nih.gov/11253156
https://pubmed.ncbi.nlm.nih.gov/11253156
https://pubmed.ncbi.nlm.nih.gov/23948937
https://pubmed.ncbi.nlm.nih.gov/27324809
https://pubmed.ncbi.nlm.nih.gov/23645623
https://pubmed.ncbi.nlm.nih.gov/31177182
https://pubmed.ncbi.nlm.nih.gov/23008165
https://pubmed.ncbi.nlm.nih.gov/23008165
https://pubmed.ncbi.nlm.nih.gov/26961581
https://pubmed.ncbi.nlm.nih.gov/26961581
https://pubmed.ncbi.nlm.nih.gov/29285207
https://pubmed.ncbi.nlm.nih.gov/26999237
https://pubmed.ncbi.nlm.nih.gov/23576627
https://pubmed.ncbi.nlm.nih.gov/23576627
https://pubmed.ncbi.nlm.nih.gov/28943197
https://pubmed.ncbi.nlm.nih.gov/25953125
https://pubmed.ncbi.nlm.nih.gov/25953125
https://pubmed.ncbi.nlm.nih.gov/17709705

