Received: 22 August 2019 Accepted: 12 November 2019
DOI: 10.1111/0br.12989

OBESITY COMORBIDITY OBESITY WILEY

Association of anthropometry and weight change with risk of
dementia and its major subtypes: A meta-analysis consisting
2.8 million adults with 57 294 cases of dementia

Crystal ManYing Lee??® | Mark Woodward®**° | G. David Batty®” |

Alexa S. Beiser®?1° | Steven Bell'*'%213 | Claudine Berr'*'®> | Espen Bjertness!® |
John Chalmers* | Robert Clarke!” | Jean-Francois Dartigues!® |

Kendra Davis-Plourde®® | Stéphanie Debette!” | Emanuele Di Angelantonioll1213 |
Catherine Feart?® | Ruth Frikke-Schmidt??2 | John Gregson®®> | Mary N. Haan?* |
Linda B. Hassing®®> | Kathleen M. Hayden?® | Marieke P. Hoevenaar-Blom?’ |
Jaakko Kaprio?®?? | Mika Kivimaki®?° | Georgios Lappas®® | Eric B. Larson®! |
Erin S. LeBlanc®? | Anne Lee?* | Li-YungLui®®* | Eric P. Moll van Charante®* |
Toshiharu Ninomiya3®> | Liv Tybjaerg Nordestgaard®?> | Tomoyuki Ohara3>3¢ |
Toshiaki Ohkuma* | Teemu Palviainen®® | Karine Peres?® | Ruth Peters®7383% |
Nawab Qizilbash?>*° | Edo Richard***” | Annika Rosengren3%42 |

Sudha Seshadri®1%4® | Martin Shipley® | Archana Singh-Manoux** |

Bjorn Heine Strand*>¢4748 | Willem A. van Gool?” | Eero Vuoksimaa®® |

Kristine Yaffe?® | Rachel R. Huxley*>%>1

1School of Psychology and Public Health, La Trobe University, Melbourne, Victoria, Australia

2Boden Institute of Obesity, Nutrition, Exercise & Eating Disorders, University of Sydney, Sydney, New South Wales, Australia
3The George Institute for Global Health, University of Oxford, Oxford, UK

“The George Institute for Global Health, University of New South Wales, Sydney, New South Wales, Australia

5Department of Epidemiology, Johns Hopkins University, Baltimore, Maryland, USA

$Department of Epidemiology and Public Health, University College London, London, UK

7School of Biological & Population Health Sciences, Oregon State University, Corvallis, Oregon, USA

8Department of Biostatistics, Boston University School of Public Health, Boston, Massachusetts, USA

?Department of Neurology, Boston University School of Medicine, Boston, Massachusetts, USA

1%Framingham Heart Study, Framingham, Massachusetts, USA

11The National Institute for Health Research Blood and Transplant Unit in Donor Health and Genomics, Strangeways Research Laboratory, University of Cambridge,
Cambridge, UK

12UK Medical Research Council/British Heart Foundation Cardiovascular Epidemiology Unit, Department of Public Health and Primary Care, Strangeways Research
Laboratory, University of Cambridge, Cambridge, UK

13British Heart Foundation Centre of Excellence, Division of Cardiovascular Medicine, Addenbrooke's Hospital, Cambridge, UK

14NSERM, U1061, Neuropsychiatry: Epidemiological and Clinical Research, University of Montpellier, Montpellier, France

Abbreviations: BMI, body mass index; Cl, confidence intervals; HR, hazard ratio; WC, waist circumference.

The copyright line for this article was changed on 6 February 2020 after original online publication.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

© 2020 The Authors. Obesity Reviews published by John Wiley & Sons Ltd on behalf of World Obesity Federation

Obesity Reviews. 2020;1-14. wileyonlinelibrary.com/journal/obr 1


https://orcid.org/0000-0001-6613-5491
https://doi.org/10.1111/obr.12989
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/obr

2 Wl LEY— OBESITY LEE ET AL.

15Memory Research and Resources Center, Department of Neurology, Montpellier University Hospital Gui de Chauliac, Montpellier, France
1%Department of Community Medicine and Global Health, University of Oslo, Oslo, Norway

7Clinical Trial Service Unit, Nuffield Department of Population health, University of Oxford, Oxford, UK

18Unité INSERM 1219, Université de Bordeaux, Bordeaux, France

19INSERM, Bordeaux Population Health Research Center and Department of Neurology, Centre Hospitalier Universitaire de Bordeaux, Bordeaux, France
29INSERM, Bordeaux Population Health Research Center, UMR U1219, University of Bordeaux, Bordeaux, France

21Department of Clinical Biochemistry, Rigshospitalet, Copenhagen, Denmark

22Department of Clinical Medicine, Faculty of Health and Medical Sciences, University of Copenhagen, Copenhagen, Denmark
23Department of Medical Statistics, LSHTM, London, UK

24Department of Epidemiology and Biostatistics, School of Medicine, University of California San Francisco, San Francisco, California, USA
25Department of Psychology, and Centre for Ageing and Health - AgeCap, University of Gothenburg, Gothenburg, Sweden

2Department of Social Sciences and Health Policy, Wake Forest School of Medicine, Winston-Salem, North Carolina, USA

2’Department of Neurology, Amsterdam UMC, University of Amsterdam, Amsterdam, the Netherlands

28|nstitute for Molecular Medicine Finland (FIMM), University of Helsinki, Helsinki, Finland

29Department of Public Health, University of Helsinki, Helsinki, Finland

3%Department of Molecular and Clinical Medicine, Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden

31Kaiser Permanente Washington Health Research Institute Seattle, Seattle, Washington, USA

32Kaiser Permanente Center for Health Research NW, Portland, Oregon, USA

33Research Institute, California Pacific Medical Center, San Francisco, Carlifornia, USA

34Department of General Practice, Amsterdam UMC, University of Amsterdam, Amsterdam, the Netherlands

35Department of Epidemiology and Public Health, Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan

35Department of Neuropsychiatry, Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan

37Faculty of Science, University of New South Wales, Sydney, New South Wales, Australia

38Neuroscience Research Australia, Sydney, New South Wales, Australia

3%Faculty of Medicine, Imperial College London, London, UK

“00OXON Epidemiology, London, UK

“1Department of Neurology, Donderds Centre for Brain, Behaviour and Cognition, Radboud University Medical Center, Nijmegen, the Netherlands
425ahlgrenska University Hospital, Ostra Sjukhuset, Gothenburg, Sweden

“3Glenn Biggs Institute for Alzheimer's and Neurodegenerative Diseases, University of Texas Health Sciences Center, San Antonio, Texas, USA
“INSERM U1153, Hépital Hétel-Dieu, Paris, France

45Department of Chronic Diseases and Ageing, Norwegian Institute of Public Health, Oslo, Norway

“*Norwegian National Advisory Unit on Aging and Health, Vestfold Hospital Trust, Tansberg, Norway

4’Department of Geriatric Medicine, Oslo University Hospital, Oslo, Norway

“Faculty of Medicine, University of Oslo, Oslo, Norway

4‘?Department of Psychiatry, University of California San Francisco, San Francisco, California, USA

5OCollege of Science, Health and Engineering, La Trobe University, Melbourne, Victoria, Australia

51Faculty of Health, Deakin University, Melbourne, Victoria, Australia

Correspondence

Rachel Huxley, Office of the Faculty of Health, Summary

Deakin University, 221 Burwood Highway, Uncertainty exists regarding the relation of body size and weight change with demen-
Burwood, Melbourne, VIC 3125, Australia. L. . . . o n s
Email: r.huxley@deakin.edu.au tia risk. As populations continue to age and the global obesity epidemic shows no sign

of waning, reliable quantification of such associations is important. We examined the
Funding information

The Academy of Finland, Grant/Award relationship of body mass index, waist circumference, and annual percent weight
Numbers: 320109, 314639; Merck Inc; NIH;

Academy of Finland; NIH National Institute on . L i . . .
Aging, Grant/Award Number: ROTAGO56477; cohort studies and four clinical trials using meta-analysis. Compared with body mass

Medical Research Council; Academy of Finland; index-defined lower-normal weight (18.5-22.4 kg/m?), the risk of all-cause dementia
National Institute for Health Research; UK . . e e . .
Medical Research Council, Grant/Award was higher among underweight individuals but lower among those with upper-normal

change with risk of dementia and its subtypes by pooling data from 19 prospective



mailto:r.huxley@deakin.edu.au

LEE ET AL.

OBESITY

_WILEY__®

Number: MR/L003120/1; British Heart
Foundation; NHS Blood and Transplant; Idorsia;
US National Institute on Aging, Grant/Award
Numbers: 1R01AG052519-01A1,
1R56AG052519-01; Medical Research Council,
Grant/Award Number: MR/P023444/1; NIHR
Cambridge BRC; British Heart Foundation,
Grant/Award Numbers: 32334, RG/13/13/
30194; NIHR Blood and Transplant Research
Unit in Donor Health and Genomics, Grant/
Award Number: NIHR BTRU-2014-10024;
Ministry of Research-INSERM Programme;
Conseils Régionaux of Aquitaine and
Bourgogne, Fondation de France; Institut de la
Longévité; Mutuelle Générale de I'Education
Nationale; Direction Générale de la Santé;
Caisse Nationale Maladie des Travailleurs
Salariés; Foundation pour la Recherche
Médicale; National Institute on Aging (NIA),
Grant/Award Numbers: RO1 AG027576, R01
AG027574, RO1 AGO05394, RO1 AR35584,
RO1 AR35583, R01 AR35582, R01 AG005407;
National Institutes of Health funding; National
Institute on Aging, Grant/Award Numbers: UO1
AG052409, U01 AG049505, R01 AG033193,
RO1 AG049607, RO1 AG054076; National
Institute of Neurological Disorders and Stroke,
Grant/Award Numbers: UH2 NS100605,
NS17950; National Heart, Lung, and Blood
Institute's Framingham Heart Study, Grant/
Award Numbers: HHSN2682015000011, NO1-
HC-25195; Finnish Twin Cohort by the
Academy of Finland, Grant/Award Numbers:
312073,308248,263278,265240; NIA, Grant/
Award Numbers: RO1 AG042633, RO1
AG018712,R01 AG011380; National Institutes
of Health, Grant/Award Number: UO1
AG0006781

1 | INTRODUCTION

Dementia, a disease primarily of aging, affects an estimated 47 mil-
lion people globally.! It is a heterogeneous condition chiefly com-
prising Alzheimer disease (60-70% of cases) and vascular dementia
accounting for about 15% of cases, although the two subtypes fre-
quently co-occur.r? Aging, family history, and sarcopenia are
important risk factors for dementia, and there is growing evidence
that vascular risk factors, such as diabetes, may also confer
increased risk, particularly for vascular dementia, although findings
are inconsistent.>#

Excess body weight, typically defined as having a high body mass
index (BMI), has been causally linked to a large number of chronic
conditions, particularly vascular disease.®> While the relationship
between BMI and dementia has been the subject of several large-
scale epidemiological studies, the findings have been inconsistent:
some studies have reported that only individuals at the extreme ends
of the body size spectrum (ie, underweight and obese) experience an
increased dementia risk,%” while others have documented posi'cives
and even inverse’ associations. Measures of central obesity, such as
waist circumference (WC), have been argued to be more informative

measures of obesity-related risk compared with BMI. Currently, little

(22.5-24.9 kg/m?) levels. Obesity was associated with higher risk in vascular demen-
tia. Similarly, relative to the lowest fifth of waist circumference, those in the highest
fifth had nonsignificant higher vascular dementia risk. Weight loss was associated
with higher all-cause dementia risk relative to weight maintenance. Weight gain was
weakly associated with higher vascular dementia risk. The relationship between body
size, weight change, and dementia is complex and exhibits non-linear associations
depending on dementia subtype under scrutiny. Weight loss was associated with an
elevated risk most likely due to reverse causality and/or pathophysiological changes

in the brain, although the latter remains speculative.

is known about the association between central obesity and
dementia risk.

As nonvascular and vascular dementia have different pathophysi-
ologies, any association with body size may similarly differ according
to endpoint. Distinguishing between possible dementia subtypes in
any analysis with measures of body size may, therefore, prove infor-
mative in explaining some of the observed heterogeneity. Further,
whether sex differences exist, or if the association between body size
and dementia risk differs in middle and later life remains unclear.1%1?

In this meta-analysis, we examined the relationships of body size
with all-cause dementia and possible vascular and nonvascular
dementia by sex and baseline age in participants free of dementia
who had their body size assessed at baseline and were later followed
up on dementia status. Using repeat measures, where available, we
explored the association between standardized annual weight change

during follow-up with subsequent dementia risk.

2 | METHODS

The investigators of studies that were either identified from previous

6,7,12-14

systematic reviews and meta-analyses, or who were known to
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t15 collaborators, were contacted and asked

Dementia Pooling Projec
to contribute results for their studies (Figure S1). Seven of the 14
studies from the Dementia Pooling Project contributed data that were
included in the analyses. Additional relevant data from 28 studies
were identified from five previous systematic reviews and meta-ana-
lyses of the association. Fourteen studies that had not contributed to
previous overviews were identified through a PUBMED search by
one investigator (CMYL). This was limited to human subjects and the
period up to 1 September 2017, based on the search strategy: ([body
mass index OR body weight OR obesity OR waist circumference]
AND dementia) OR (clinical trial AND incident dementia). Studies
were deemed eligible for inclusion if BMI or WC were collected at
baseline and dementia status was available at follow-up. Subse-
quently, 42 invitations were issued inviting study investigators to col-
laborate in this pooling study. Of these, 10 studies contributed
results. Collaborators provided information on a further eight studies
that had not been identified by the literature search, or which had not
been included in previous overviews, as the data were unpublished;
six of these studies provided data. A total of 23 studies responded (n
=2790753).

BMI was calculated as weight in kilogrammes divided by height in
metres squared. Directly measured (n = 2 760 602; 98.9%) and self-
report (n = 30 151; 1.1%) height and weight were used in the calcula-

health or hospitalization records (four studies). Ten of these studies
that used other methods to ascertain dementia classified the disorder
based on the International Classification of Diseases and one study

used Read Codes*? to classify dementia (Table 1).

21 | Dataanalysis

Sex-specific hazard ratios (HRs) and 95% confidence intervals (Cls)
were obtained for all-cause dementia in relation to (a) each of five
BMI categories, with lower-normal weight as the referent group; (b)
each fifth of WC, with the first fifth as the referent group; and (c) each
of three annual percent weight change categories (greater than or
equal to 0.5% annual weight loss, less than 0.5% annual weight
change, and greater than or equal to 0.5% annual weight gain), with
less than 0-5% annual weight change as the referent group. Following
a pre-specified common analytic protocol, effect estimates were
adjusted for age (model 1); age, smoking, and education or socio-eco-
nomic status (model 2; which was the primary model—used in the
reporting of outcomes herein); and age, smoking, education or socio-
economic status, diabetes, systolic blood pressure, total cholesterol,
blood pressure-lowering medication, cholesterol-lowering medication,
and glucose-lowering medication where available (model 3). For stud-

100 x (last body weight measure prior to dementia follow up - baseline body weight measure)

baseline body weight measure
. (date atlast body weight measure —date at baseline body weight measure)

365.25

tion. WC was measured either at the midpoint between rib and iliac
crest (n = 217 051; 29.9%), narrowest waist (n = 9768; 1.7%), umbili-
cus (n = 12 428; 1.3%), or narrowest waist or umbilicus (n = 486 275;
67.0%). Annual percent weight change was calculated as follows:

Five BMI categories were distinguished: underweight: less than
18.5 kg/m?; lower-normal weight: 18.5-22.4 kg/m? upper-normal
weight: 22.5-24.9 kg/m?; overweight: 25.0-29.9 kg/m? and obese:
greater than or equal to 30.0 kg/m?.

Dementia endpoints were defined by investigators of each indi-
vidual study. Ascertainment of dementia was by medical examination
in 12 studies (Table 1). These studies classified dementia based solely
on the Diagnostic and Statistical Manual of Method Disorders

criteria®®%?

or in combination with the National Institute of Neurolog-
ical and Communication Disorders and Stroke and the Alzheimer's
Disease and Related Disorders Association criteria for Alzheimer dis-
ease?® and the National Institute of Neurological Disorders and Stroke
and the

I'Enseignement en Neurosciences criteria for vascular dementia.*!

Association Internationale pour la Recherche et
Other methods used in dementia ascertainment included health

records (two studies), death records (five studies), and death and

ies with information on possible dementia subtype, study-specific
estimates were requested for possible vascular dementia and possible
nonvascular dementia.

A random effects meta-analysis was used to combine study-spe-
cific log HR to obtain an overall summary estimate and associated
95% Cls for BMI and WC in relation to all dementia endpoints investi-
gated. Analyses were conducted for women and men combined and
then separately. Heterogeneity between studies was quantified using
the I? statistic.

Sensitivity analyses were conducted by excluding the largest
study and by excluding the studies that did not calculate BMI using
objective measures of height and weight. To assess the potential
effect of reverse causality, in the same studies, we compared data
that were non-left censored with those that were. As the studies
varied by the length of follow-up, maximum periods of left censor-
ing requested (3, 5, or 10 years) differed between studies. We also
compared the associations by study design, by method of dementia
ascertainment, and by study baseline mean age. All statistical
analyses were performed using Stata/SE 14.0 (Stata Corp LP.,
USA).
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3 | RESULTS

Results from 23 studies comprised 2 790 753 participants (54%
women) in whom 57 294 cases of all-cause dementia were accumu-
lated during a mean of 9.6 years of disease surveillance. Of these
cases, 6792 were classed as nonvascular dementia, and 1214 were
recorded as vascular dementia. Of the studies included, information
728 959; 26.1%) were previously
unpublished, and four were from clinical trial populations (n = 23 864;

from 14 cohort studies (n =

All-cause dementia

0.9%). Most studies were from Europe (n = 2 758 444; 98.8%), with
one study” contributing more than 70% of participants (79% cases of
all-cause dementia). Study characteristics are shown in Tables S1 and
S2. In brief, mean age at baseline ranged from 36 to 83 years in men
and 37 to 84 years in women. Mean duration of follow-up varied from
4 to 38 years, with an overall median of 9 years. Mean BMIs at study
baseline were 21.9 to 28.2 kg/m? in men and 22.4 to 28.8 kg/m? in
women; for WC, the corresponding results were 96.9 to 100.7 and
80.7 to 97.5 cm.

BMI (kg/m?) N (cases) HR (95% Cl) I

<18.5 44408 (2510) - 1.26 (1.20, 1.31) 0%

18.5-22.4 431624 (12110) " 1.00

22.5-24.9 583832 (13402) - 0.85 (0.83, 0.88) 0%

25.0-29.9 1067974 (20573) - 0.86 (0.81, 0.92) 65.5%

2>30.0 661475 (8675) — 0.91 (0.83, 1.01) 78.4%
015 1 I2

Non-vascular dementia

BMI (kg/m?) N (cases) HR (95% Cl) ?

<18.5 1601 (127) - 1.28 (1.06, 1.54) 0%

18.5-22.4 27102 (1224) n 1.00

22.5-24.9 38389 (1649) - 0.89 (0.83, 0.97) 0%

25.0-29.9 61814 (2787) —a— 0.89 (0.81, 0.98) 29.1%

230.0 24073 (1005) — 0.91 (0.78, 1.05) 49.5%
015 1 I2

Vascular dementia

BMI (kg/m?) N (cases) HR (95% Cl) 12

<18.5 1443 (34) — " 1.76(1.20, 2.58) 1.4%

18.5-22.4 26624 (212) " 1.00

22.5-24.9 37490 (294) — 1.00 (0.82, 1.23) 13.0%

25.0-29.9 60046 (490) e 1.03 (0.84,1.25)  13.8%

230.0 23316 (184) — 1.48 (1.10, 2.00) 38.2%
015 1 é

FIGURE 1 Association between body mass index (BMI) and incident fatal and nonfatal dementia and its major subtypes. Hazard ratios (HRs)
and 95% confidence intervals (Cls) adjusted for age, smoking, and education or socio-economic status
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A non-linear association between BMI with all-cause dementia
was observed: compared with the referent group (BMI: 18.5-22.4 kg/
m?) those who were underweight had a one-quarter greater risk of
dementia (HR: 1.26, 95% Cl, 1.20-1.31; Figure 1). This association
remained similar after excluding the first 3, 5, or 10 years (median 10
years) of follow-up in a subset of studies (1.35 [1.24-1.46]; Figure S2a;
Table S3). Relative to the referent group, individuals with upper-nor-
mal BMI, overweight or obesity had a 10% to 15% lower dementia
risk (Figure 1). Similar results were obtained after adjustment for age
(Figures S3-S6). Additional adjustment for cardiometabolic risk factors
did not materially alter the relationship (model 3; Table S4). Neither
were results significantly different in a range of sensitivity analyses
(Table S5; Figure S7). Further, the associations were comparable
between studies with baseline mean age younger than 60 and 60
years and older (Figure S8) and before and after exclusion of the first
3, 5, or 10 years (median 10 years; Figure S2a; Table S3).

As with all-cause dementia, the association between BMI and
nonvascular dementia risk was non-linear. Relative to lower-normal
BMI, individuals categorized as underweight were at approximately
one-quarter increased dementia risk (1.28 [1.06-1.54]; Figure 1,
Table S4). Adjustment for cardiometabolic risk factors did not
materially affect the association (Table S4). The findings were simi-
larly robust when restricting the analysis to studies that used mea-
sured height and weight. Findings were also consistent between
clinical trials and observational studies and between studies with
baseline mean age younger 60 and 60 years and older (Figures S8
and S9). There was no evidence of a sex difference in the associa-
tion (Figure 2). Relative to the referent group, individuals with
upper-normal BMI, overweight, or obesity had 10% lower dementia
risk (Figure 1). After excluding the first few years of follow-up
(median 7.5 years), the increased risk of nonvascular dementia in

the underweight category remained, but the association was no

Non-vascular dementia - men

longer significant in the overweight and obese categories (Fig-
ure S2b; Table S3).

Both individuals with underweight or obesity were at increased
vascular dementia risk. Compared with the referent group, those who
were underweight had an approximate 80% greater dementia risk,
and for those in the obese category, the risk was approximately 50%
higher (Figure 1). The excess risk among the obese group was largely
mediated by cardiometabolic risk factors (HR for model 3: 1.26 [0.87-
1.84]; Table S4). Sensitivity analyses indicated findings compatible
with the main result (Figure S9). There was no evidence of a sex dif-
ference in the association between BMI and vascular dementia risk
(Figure 2). The association was broadly similar in studies with baseline
mean age younger than 60 and 60 years and older (Figure S8). Exclud-
ing the first few years of follow-up (median 7.5 years) did not materi-
ally influence the relationship (Figure S2c; Table S3).

A non-linear association was observed between WC and all-cause
dementia among the 13 studies (725 522 individuals; 54.5% women;
7057 cases) that contributed to the analysis. Compared with individ-
uals in the lowest fifth of WC, individuals with larger WC had 15% to
22% lower all-cause dementia risk (Figure 3). Similar results were
obtained when adjusted for age or after adjustment for car-
diometabolic risk factors (Figures S10-S13; Table Sé). The estimates
tended to be larger for studies that used death records to ascertain
dementia status rather than those that used medical examination
(Figure S14). Data from clinical trials produced similar results to those
from nontrial populations (Figure S15). The estimate of effect was
more pronounced for studies with baseline mean age younger than 60
than 60 years and older especially at higher WC categories
(Figure S16).

Pooling data from ten studies (5319 nonvascular dementia cases)
indicated that, compared with the lowest fifth, all WC categories were
associated with lower nonvascular dementia risk (Figure 3; Table S6).

Non-vascular dementia - women

BMI (kg/m?) N (cases) HR (95% CI) ? BMI (kg/m?) N (cases) HR (95% Cl) ?

<185 311 (24) e e — 1.40(0.90,2.17) 0% <18.5 1290 (103) — 1.25(1.02,1.54) 0%

18.5-22.4 7747 (340) 1.00 18.5-22.4 19355 (884) 1.00

22.5-24.9 17537 (703) 0.93(0.82,1.06) 0% 22.5-24.9 20852 (946) - 0.88(0.80,0.96) 0%

25.0-29.9 35634 (1460) 0.95(0.81,1.13)  29.2%  25.0-29.9 26180 (1327) - 0.84(0.76,0.94)  20.1%

>30.0 11381 (371) — . 0.95(0.74,1.23)  48.1%  >30.0 12692 (634) —=T 0.87(0.73,1.05)  52.3%
0s 1 > 3 os 1 > 3

Vascular dementia - men Vascular dementia - women

BMI (kg/m?) N (cases) HR (95% Cl) 12 BMI (kg/m?) N (cases) HR (95% Cl) 12

<185 148 (10) - 1.37(0.69,2.71) 0% <18.5 1295 (24) —"— 200(121,332) 12.9%

18.5-22.4 7617 (96) L 1.00 18.5-22.4 19007 (116) 1.00

22.5-24.9 17132 (153) — 0.86 (0.60,1.25)  33.1%  22.5-24.9 20358 (141) I 1.08 (0.84, 1.40) 0%

25.0-29.9 34585 (294) —a— 0.95(0.73,1.25)  7.2% 25.0-29.9 25461 (196) T 1.11(0.83,1.49)  23.7%

>30.0 10993 (79) - 1.27(0.87,1.85)  83% >30.0 12323 (105) e — 1.63 (1.04,2.56)  53.9%
o.ls 1 I2 I3 ofs 1 I2 I3

FIGURE 2 Associations between body mass index (BMI) and incident fatal and nonfatal dementia subtypes by sex. Hazard ratios (HRs) and
95% confidence intervals (Cls) adjusted for age, smoking, and education or socio-economic status
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FIGURE 3 Association All-cause dementia
between waist circumference and Waist N (cases) HR (95% CI) 12
incident fatal and nonfatal
dementia and its major subtypes. 1st fifth . 1.00
Hazard ratios (HRs) and 95% 157803 (1316) ’
confidence intervals (Cls) . 0
adjusted for age, smoking, and 2nd fifth 140469 (1313) —— 0.85 (0.77,0.93) 26.2%
education or socio-economic
status 3rd fifth 147603 (1446) — 0.84 (0.75,0.94) 43.3%
4th fifth 139973 (1490) —— 0.78 (0.70, 0.88) 47.4%
Sthfifth 139674 (1492) —— 0.82 (0.72,0.92) 50.4%
T T
0.5 1 2
Non-vascular dementia
Waist N (cases) HR (95% Cl) 12
1st fifth 29107 (1001) n 1.00
2nd fifth 27438 (994) —— 0.86 (0.79,0.94) 0%
3rd fifth 26612 (1092) —— 0.85(0.78,0.93) 0%
4th fifth 27253 (1115) —a— 0.79 (0.72,0.86) 0%
5th fifth 26990 (1117) —— 0.82(0.71,0.94) 46.6%
T T
0.5 1 2
Vascular dementia
Waist N (cases) HR (95% Cl) 12
1st fifth 28476 (128) L] 1.00
2nd fifth 26801 (146) — 1.02 (0.80, 1.30) 0%
3rd fifth 25950 (165) — 1.04 (0.82,1.32) 0%
4th fifth 26516 (178) — 1.06 (0.82,1.39) 17.1%
5th fifth 26232 (191) — 1.23(0.97, 1.55) 0%
T T
0.5 1 2

Adjustment for cardiometabolic risk factors did not alter the
association (Table Sé). Data from clinical trials produced a similar
pattern (Figure S15), and there was little evidence of a sex difference
in the association (Figure 4).

For vascular dementia (808 cases), compared with the referent
category, individuals in the highest fifth of WC had roughly one-
quarter higher risk (1.23 [0.97-1.55]) that was attenuated after
further adjustment for cardiometabolic risk factors (Figure 3;
Table Sé). No sex difference was evident (Figure 4). Data from clin-
ical trial participants contained too few cases to draw meaningful
conclusions (Figure S15). Only the highest WC category in studies

with baseline mean age 60 years and older was associated with
increased vascular dementia risk (Figure S16).

In the analysis of weight change (111 620 individuals; 44.8%
female; 5626 dementia cases), compared with individuals who
maintained a relatively stable weight during follow-up, individuals
with greater than or equal to 0.5% annual weight loss had approxi-
mately one-third greater all-cause dementia risk (1.32 [1.18-1.47];
Table 2). In contrast, greater than or equal to 0.5% annual weight gain
was not associated with dementia risk (1.00 [0.89-1.12]; Table 2). The
results remained unchanged for models 1 and 3, and when studies

were stratified by baseline mean age (Figures 517-519; Table 2). For
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Non-vascular dementia - men Non-vascular dementia - women

Waist N (cases) HR (95% Cl) 12 Waist N (cases) HR (95% Cl) 12

st fifth 13594 (376) L 1.00 st fifth 15513 (625) 1.00

2nd fifth 11451 (337) — 0.81(0.69,0.94) 0% 2nd fifth 15987 (657) —a— 0.89(0.79,1.01) 14.5%

3rd fifth 12065 (436) s 0.95(0.77,1.17) 37.6%  3rdfifth 14547 (656) — 0.83(0.74,0.92) 0%

4th fifth 12695 (409) — 0.79(0.67,0.93) 11.4%  4thfifth 14558 (706) — 0.80(0.72,0.89) 0%

Sthfifth 11900 (416) —_— 0.86 (0.68, 1.09) 47.0%  Sthfifth 15090 (701) —_— 0.79 (0.66, 0.95) 50.8%
0s 1 > 0s 1 2

Vascular dementia - men Vascular dementia - women

Waist N (cases) HR (95% CI) 1> Waist N (cases) HR (95% CI) ?

1st fifth 13295 (60) 1.00 st fifth 15181 (68) 1.00

2nd fifth 11154 (68) e 1.04 (0.73,1.48) 0% 2nd fifth 15647 (78) E— 0.98 (0.65, 1.48) 28.8%

3rd fifth 11748 (75) B HE— 1.01 (0.71, 1.45) 0% 3rd fifth 14202 (90) i — 1.07 (0.77, 1.47) 0%

4th fifth 12304 (78) — 1.07 (0.73,1.57) 15.9% 4thfifth 14212 (100) e 1.05(0.71, 1.57) 28.1%

Sthfifth 11499 (83) —_— 1.20(0.84,1.71) 1.7%  Sthfifth 14733 (108) —— 1.25(0.91,1.72) 0%
0‘.5 1 IZ OI.S 1 I2

FIGURE 4 Associations between waist circumference and incident fatal and nonfatal dementia subtypes by sex. Hazard ratios (HRs) and 95%
confidence intervals (Cls) adjusted for age, smoking, and education or socio-economic status

TABLE 2 Adjusted hazard ratios (HR) with 95% confidence intervals (Cl) of dementia by annual percent weight change

Dementia Type

All-cause dementia, 15 studies

N (cases) 23 590 (1668)
Model 2° HR (95% Cl) 1.32(1.18-1.47)
12 (%) 46.2
Model 3° HR (95% Cl) 1.28 (1.15-1.42)
12 (%) 41.1
Nonvascular dementia, 10 studies
N (cases) 8106 (898)
Model 2° HR (95% Cl) 1.41(1.19-1.67)
12 (%) 51.2
Model 3° HR (95% Cl) 1.36 (1.15-1.61)
12 (%) 49.0
Vascular dementia, 7 studies
N (cases) 6000 (151)
Model 2° HR (95% Cl) 1.11(0.88-1.39)
12 (%) 0
Model 3° HR (95% Cl) 1.09 (0.87-1.36)
1 (%) 0

?Hazard ratio adjusted for age, smoking, education/socio-economic status.

20.5% Weight Loss per Year

Reference 20.5% Weight Gain per Year

44 425 (2254) 43 605 (1704)

1.00 1.00 (0.89-1.12)
54.0

1.00 0.99 (0.89-1.11)
48.8

10 929 (932) 9926 (652)

1.00 0.99 (0.83-1.19)
51.3

1.00 0.98(0.81,1.17)
51.0

9034 (225) 8275 (181)

1.00 1.21 (0.98-1.49)
0

1.00 1.13 (0.92-1.40)
0

PHazard ratios adjusted for age, smoking, education/socio-economic status, diabetes, systolic blood pressure, total cholesterol, blood pressure lowering

medication, cholesterol lowering medication, and glucose lowering medication.

greater than or equal to 0.5% annual weight loss, the estimate of
effect was more pronounced for studies that ascertained dementia by
medical examination than studies that used death records
(Figure S20).

As with all-cause dementia, greater than or equal to 0.5% annual

weight loss was associated with higher nonvascular dementia risk

(1.41 [1.19-1.67]), whereas greater than or equal to 0.5% annual
weight gain was not associated with risk (0.99 [0.83-1.19]; Table 2).
For vascular dementia, opposing trends were observed: a trend
towards increased risk was observed in those with greater than or
equal to 0.5% annual weight gain (1.21 [0.98-1.49]) but only in those
with baseline mean age younger than 60 years (Figure $S19). Weight
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loss was not associated with increased vascular dementia risk
(Table 2).

4 | DISCUSSION

This is the largest study to characterize the relationship between mea-
sures of body size and weight change with dementia outcomes. We
demonstrated that the relationship between body size, weight change,
and subsequent risk varies by dementia subtype. When considering
all-cause dementia risk, and hence its major subtype of nonvascular
dementia, there was no evidence that excess body weight (measured
by either BMI or WC) conferred higher risk. Rather, levels of BMI
greater than or equal to 22.5 kg/m? (and higher WCs) were associated
with a slightly lower dementia risk in later life. Conversely, and in

6714 individuals who were catego-

agreement with previous findings,
rized as underweight had higher all-cause dementia risk compared
with those with lower-normal BMI. For vascular dementia, only the
highest levels of BMI and WC were associated with increased risk rel-
ative to lower-normal BMI and the lowest fifth of WC.

The main novel finding, however, relates to how weight change
appears to influence dementia risk in later life. Relative to weight
maintenance, weight loss over follow-up was associated with approxi-
mately 30% and 40% increased risk of all-cause dementia and non-
vascular dementia, respectively. The association between weight loss
and nonvascular dementia may reflect the subclinical expression of
prodromal dementia (ie, where an individual has early cognitive
impairment but remains functionally independent), or in epidemiologi-
cal terms, reverse causality. In support of this argument, weight loss
has been observed in the preclinical stage of autosomal dominant
Alzheimer disease, suggesting that decreasing BMI could be a conse-
quence, rather than a risk factor, of dementia.*®

An additional, albeit more speculative, explanation may be patho-
physiological such as weight loss-induced cortical thinning, as cere-
bral atrophy is a characteristic of dementia. In a cohort of healthy
elderly individuals, faster cognitive decline and accelerated atrophy
rate were observed in those with relative weight loss greater than or
equal to 5% (equivalent to greater than or equal to 1.2% annual loss)
compared with those with relative weight loss less than 5% (equiva-
lent to less than 1.2% annual loss).** Similarly, a Norwegian study that
assessed percent change in BMI in midlife reported that while greater
than or equal to 5% loss (equivalent to approximately greater than or
equal to 0.6% annual loss) was associated with increased risk of
dementia-related mortality, a gain of greater than or equal to 20%
(equivalent to approximately greater than or equal to 2.2% annual
gain) was associated with reduced risk.*®

Conversely, for vascular dementia, weight gain was associated
with a modest 20% increased risk but only in those aged younger than
60 years at study baseline. This is consistent not only with what we
know about weight gain being a risk factor for other vascular condi-
tions such as coronary heart disease***” but also with the diminution
of the strength in the association between vascular risk factors such

as diabetes and blood pressure with vascular risk at older ages.*®

Moreover, data from animal studies have indicated that weight gain is
associated with increased vascular dementia risk.*’

For all-cause dementia, and its major subtype, that of nonvascular
dementia, there was no evidence that carrying excess body weight
(either in general or more centrally) conferred increased risk. Rather,
individuals with a BMI of greater than or equal to 22.5 kg/m? (and
higher WCs) had a slightly lower risk of dementia in later life. Con-
versely, and in agreement with some previous findings,®”'** individ-
uals who were categorized as underweight had a one-quarter greater
risk of developing all-cause dementia compared with those with
lower-normal BMI. When we attempted to exclude those individuals
who may have had undetected signs of cognitive impairment at study
baseline by excluding the first few years of follow-up, the relationship
remained.

To date, evidence from Mendelian randomization studies has pro-
vided little support of a relationship between low levels of BMI with
future risk of Alzheimer disease, implying that reverse causality or
residual confounding may be driving the observed effect in observa-
tional studies. However, as Mendelian randomization studies do not
use methods that are suited to capturing non-linear associations, the
potential for other explanations, other than reverse causality, to
explain the observed association remains.>®

For vascular dementia, the relationship with body size was similar
to other vascular conditions with both underweight and obesity con-
ferring increased risk. Underweight individuals had 75% greater vas-
cular dementia risk, which was unaltered by excluding the first 5 years
of data. Individuals with obesity had 50% greater risk, possibly due to
the adverse effects of high levels of BMI on other vascular risk factors
as the relationship was significantly attenuated after adjustment for
vascular risk factors. An increased vascular dementia risk was
observed for WC but only among those with the highest levels of cen-
tral obesity.

Recent studies have suggested that the association between
BMI and dementia risk is dependent on the age when BMI was
assessed.®”>? We investigated the association separately for midlife
and late life by stratifying studies by their baseline mean age. Aside
from the effect of weight gain on vascular dementia risk, our results
indicated that there was no evidence of any difference between the
two age groups, although the crude dichotomization of age pre-
cludes us from definitely concluding that there is no evidence of an
age effect in the association between body size and dementia risk.
Similarly, this study found no evidence to suggest that the associa-
tions reported herein differed between women and men. In addition
to its large sample size and number of dementia cases, key strengths
of the study included the ability to look at the effect of a measure
of central obesity and the influence of weight change on the associa-
tion between body size and dementia outcomes. BMI and WC were
divided into five categories to allow the study of the relationship
with dementia in more detail. The lowest fifth of WC was chosen as
referent as four studies already included women with abdominal
obesity in this group. Nevertheless, using the second or third fifth as
referent would not have changed the relationship between WC and

dementia. Limitations included the between-study differences in
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design and methodologies used in the ascertainment of dementia as
well as different lengths of study follow-up. In regard to the latter,
we attempted to address the potential for reverse causality by
excluding the first 3, 5, or 10 years of follow-up (depending on the
data set). However, given the often long lag period between prodro-
mal dementia until dementia onset, this may not have been a suffi-
ciently long enough period of time to fully exclude the potential for
reverse causality. Previous reports have indicated that it is necessary
to exclude up to 20 years of follow-up in order to fully negate the
effects of inadvertently including individuals with early cognitive
impairment at study baseline.!* In our analysis of weight change, we
were unable to distinguish between intentional (eg, because of a
diagnosis of hypertension or diabetes in midlife) versus unintentional
weight loss (ie, because of pre-existing disease), which may have
diluted the observed associations. Studies that contributed to the
weight change analysis also varied in the length of time between
first and last weight measurement. We standardized weight change
across studies by calculating annual percent weight change; how-
ever, this method assumes a consistent weight change over time,
which may not be valid. In addition, we attempted to distinguish
between vascular dementia and nonvascular dementia separately,
but the dichotomization is problematic as the two subtypes fre-
quently co-occur.”? Finally, as body size (both underweight and over-
weight) is related to a wide range of chronic illnesses, and dementia
is mainly a disease of aging, individuals may have died before they
had the opportunity to develop dementia. We were unable to apply
competing risks methodology in the current analysis, which may
have resulted in an underestimation of the relationship between
body size and dementia risk. It potentially could also explain why
above normal levels of BMI and WC were not associated with
increased all-cause dementia risk.

Excess body weight was not associated with risk of all-cause
dementia and its major subtype of nonvascular dementia, whereas it
was positively associated with risk of vascular dementia. Under-
weight was related to increased risk of all-cause dementia and both
its subtypes, possibly due to reverse causality. Weight loss in midlife
to late life was associated with an increased risk of developing
dementia and nonvascular dementia. Future studies should focus on
examining the basis between weight loss and increased nonvascular
dementia risk to determine if it has a pathophysiological basis or is
due to limitations in the epidemiology. Given the known adverse
effects of excess body weight on a wide range of health outcomes,
from a public health perspective, maintaining a healthy body weight
and minimizing weight fluctuation in adult life should continue to be

widely promoted.
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