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Abstract

Objective
To investigate the association between variability and loss of body weight with subsequent 
cognitive performance and activities of daily living in older individuals.

Design
Cross-sectional cohort study.

Setting
PROspective Study of Pravastatin in the Elderly at Risk (PROSPER), multicentre trial with 
participants from Scotland, Ireland and the Netherlands.

Subjects
4,309 participants without severe cognitive dysfunction (mean age 75.1 years, SD=3.3), at 
higher risk for cardiovascular disease.

Methods
Body weight was measured every three months for 2.5 years. Weight loss is defined as an 
average slope across all weight measurements and as ≥5% decrease in baseline body weight 
during follow-up. Visit-to-visit variability is defined as the SD of weight measurements (kg) 
between visits. Four tests of cognitive function were examined: Stroop test, Letter-Digit 
Coding test, immediate and delayed Picture-Word learning tests. Two measures of daily living 
activities: Barthel Index (BI) and instrumental activities of daily living (IADL). We examined 
all tests at month 30.

Results
Both larger body weight variability and loss of ≥5% of baseline weight were independently 
associated with worse scores on all cognitive tests, but minimally with BI and IADL. Compared 
to participants with stable weight, participants with significant weight loss scored 5.83 
seconds (95%CI 3.74; 7.92) slower on the Stroop test, coded 1.72 digits less (95%CI -2.21; 
-1.13) on the Letter-Digit Coding test, and remembered 0.71 less pictures (95%CI -0.93; -0.48) 
on the delayed Picture-Word Learning test.

Conclusion
In older people at higher risk for CVD, weight loss and variability are independent risk-factors 
for worse cognitive function.
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1. Introduction

The process of ageing is accompanied by fluctuations in homeostatic processes, resulting 
in intrinsic intraindividual variability in physiological parameters. For example, variability in 
weight, including both gaining and losing weight, is associated with significant increases in 
mortality [1, 2]. Several observational studies have demonstrated that unintentional weight 
loss in older adults is related to increased frailty and functional decline [2-5]. The origin of 
unintentional weight loss in older adults is often linked to the manifestation of malignancies 
but numerous social, behavioural and health factors may also be instrumental [6, 7]. Over 
27% of frail older individuals above the age of 65 years’ experience unintentional weight loss 
[8], where a specific cause cannot be found in as many as 25% of cases [2].

Recent evidence indicates that unintentional weight loss in older individuals associates 
with brain atrophy and cognitive impairment, which are known to associate with Alzheimer’s 
Disease [3, 6, 9]. Other markers of unstable homeostasis and intraindividual variability, 
including variability in systolic blood pressure and low-density lipoprotein cholesterol (LDL-
C), have also been associated with worsened cognitive function [10, 11]. We hypothesized 
that larger variation in body weight, as well as loss of weight, are independently associated 
with lower cognitive performance, independent of baseline body mass index (BMI) and 
traditional risk factors. Therefore, in the present study, we investigated the association 
of 2.5-years body weight loss and variation in body weight with subsequent cognitive 
performance and activities of daily living in a cohort of older individuals at increased risk of 
cardiovascular disease (CVD) but without severe cognitive dysfunction at baseline.

2. Methods

Study design and participants
The data employed in the present study originates from the PROspective Study of 
Pravastatin in the Elderly at Risk (PROSPER). 5,804 men and women aged 70-82 years from 
three countries (the Netherlands, Scotland, Ireland) were enrolled between December 1997 
and May 1999 in a prospective, multicentre randomized trial in order to assess the safety 
and efficacy of pravastatin in reducing the risk of major vascular events. Participants were 
eligible for enrolment if they had pre-existing vascular disease or increased risk due to 
smoking, hypertension or diabetes.

During recruitment, the following exclusion criteria were: cognitive impairment (Mini-
Mental Score Examination score <24); history of malignancy within the past 5 years except 
localized basal cell carcinoma; recent stroke, transient ischemic attack, myocardial infarction, 
surgery or amputation for vascular disease ≤6 months before study entry. More details 
regarding exclusion criteria of PROSPER have been described elsewhere [12, 13]. The 
PROSPER study was approved by the Medical Ethics Committees of the three collaborating 
centres and complied with the Declaration of Helsinki. All participants gave written informed 
consent.

6
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In the present study, the following inclusion criteria were applied: ≥1 out of the 4 cognitive 
tests scores at month 30 of follow-up; ≥2 weight measurements recorded between baseline 
and month 30 of follow-up with a maximum of 11 repetitive measurements.

Data collection

Exposure variables
Participants in the PROSPER study were reviewed every three months and body weight 
was measured at each visit, resulting in a maximum of 11 repetitive weight measurements.

From the weight collected at baseline and follow-up visits, we computed two 
determinants: weight loss and weight variability. Visit-to-visit weight variability was 
calculated by means of the intraindividual standard deviation (S.D.) over each individual’s 
measurements between baseline and every 3 months up to 30 months of follow-up. Weight 
loss was defined using two methods: first by calculating an average slope across all weight 
measurements, followed by calculating a delta incorporating only the first and last weight 
measurements during follow-up. The average slope incorporating all weight assessments 
during follow-up was computed using a linear mixed model capable of handling missing 
data during the visits. By fitting a linear-mixed model over the various measurements during 
follow-up, an average slope of weight change was calculated per participant. Then, the 
delta of weight change from baseline to month 30 was calculated and defined according 
to the following classification: weight loss as ≥5% of body weight decreased from baseline 
to month 30; weight gain as ≥5% of weight increased; and stability if within <5% weight 
variation between baseline and month 30 of follow-up [2, 6]. Although no universally 
accepted definition of clinically relevant weight loss exists, previous observational studies 
have employed this definition [2, 6].

Cognitive function measurements
Serving as our outcome measurements, cognitive function was assessed face-to-face using 
four neuropsychological performance tests. More details regarding the tests are described 
in detail elsewhere [14]. The Stroop colour-word inference test (selective attention) and 
the Letter-Digit Coding Test (LDCT) (processing speed) were used to measure executive 
functioning [14]. The outcome parameter for the Stroop test was the total number of 
seconds to complete the third Stroop card. The outcome variable for the LDCT was the total 
number of correct entries in 60 seconds. Visual episodic memory was assessed with the 
15-Picture Learning test (PLT) testing immediate and delayed recall. The main outcome was 
the accumulated number of recalled pictures over the three learning trials and the number 
of pictures recalled after 20 minutes. Functional status was assessed using the BI (Barthel 
Index) and IADL (Instrumental activities of daily living). BI assesses self-care activities of daily 
living using 10 items (such as dressing) where a higher score indicates higher independence, 
with a maximum of 20 points [15]. Similarly, IADL measures activities of daily living using 7 
items with a maximum of 14 points, but in addition includes the interaction with the social 
and physical environment [16]. Likewise, here a higher score also higher functional capacity 
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and independence. All outcomes were assessed at month 30 to maximize the availability of 
outcomes after the measurement of weight variability and weight change.

Covariates
Covariates were obtained from an extensive medical history using routine care data during 
a 10-week screening period. The participant’s general practitioner reported on history of 
various clinical diseases, including CVD, diabetes mellitus, transient ischemic attack, stroke 
and myocardial infarction. The following were evaluated using a medical inventory: number 
of medications used, use of diuretics and antidepressants, years of education, smoking 
status, alcohol intake. Systolic and diastolic blood pressure were measured every 3 months 
[10]. Data on diseases developed during follow-up were ascertained using hospital records 
and general practitioners’ records, and included: diabetes; non-fatal cardiovascular and 
coronary events including myocardial infarction, stroke and transient ischemic attack; 
hospitalization due to heart failure; serious non-fatal cancer [13]. These endpoints were 
classified by an independent committee. Data on these baseline covariates were complete 
for all participants.

Statistical analyses
Baseline characteristics of the study participants are reported as mean (standard deviation) 
or median (interquartile range) for continuous variables and number (percentage) for 
categorical variables. To investigate whether slope and variability were two independent 
phenotypes, we assessed the correlation with a Pearson’s correlation coefficient. We 
repeated the analyses with both slope of weight change and weight variability in the 
same multivariable-adjusted regression model to study whether these phenotypes have 
independent effects.

The associations of visit-to-visit variability in total weight (in SD), slope of weight change 
(in kg), and weight loss (in categories) with measures of cognitive function at month 30 were 
assessed using multivariable-adjusted linear regression models. Weight variability and slope 
of weight change were analysed as a continuous variable and in equally-sized thirds, where 
the lower third of weight variability, and the middle third of the slope of weight change, 
were defined as reference categories. For reasons of clinical interpretation, we presented 
the results on slope of weight change as the difference in cognitive function at month 30 
per extra 0.1 kg/month weight loss.

The linear regression analyses were adjusted for covariates based on their biological 
plausibility as potential confounders. Therefore, in the minimally adjusted model, we 
included sex, age, country as a 3-level variable, mean weight during follow-up, height at 
baseline, and years of education. The fully adjusted model additionally included smoking 
status, alcohol intake, number of medications used, use of diuretics and antidepressants, 
and history of CVD, diabetes, and myocardial infarction.

Data is reported as the mean multivariable-adjusted difference in outcome between 
the second and third thirds of weight change in comparison with the reference group, with 
accompanying 95% confidence interval. For example, “weight lost” and “weight gained” are 

6
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compared to the reference group “stable weight”. All analyses were performed using SPSS 
Windows version 26 (IBM Corp., 2019).

Sensitivity analyses
In addition to these overall analyses, we performed sensitivity analyses to investigate the 
robustness of the associations considering different subgroups of the population. First, 
we performed separate analyses for placebo and pravastatin treatment groups. Next, it 
has been shown that high blood pressure variability was associated with worse cognitive 
function [10]. As variability in weight and blood pressure may have a common cause, we 
additionally adjusted our models for systolic blood pressure variability and mean systolic 
blood pressure from baseline to month 30. This allows for the separation of effects of 
weight variability from those originating from blood pressure variability. Systolic blood 
pressure variability was defined as the intraindividual standard deviation from baseline to 
month 30, where blood pressure was measured every 3 months, as previously done [10, 17]. 
Furthermore, we included both weight loss (slope) and visit-to-visit body weight variables in 
the same multivariable-adjusted linear regression model to test independence of the two 
phenotypes. Last, we performed analyses excluding individuals who developed any of the 
following diseases during follow-up, to ensure weight loss did not follow as a result: incident 
diabetes; non-fatal cancer; non-fatal stroke or transient ischemic attack; hospitalization due 
to heart failure; non-fatal coronary or cardiovascular events.

3. Results

After excluding participants with <2 measurements (n=225) and participants without 
cognitive test scores at month 30 (n=1,270), 4,309 participants were eligible for inclusion 
(Table 1). The mean age was 75.1 years (SD=3.3) and more than half of the study population 
was female (n=2,222, 51.6%). Large majority of participants had a history of hypertension 
(n=2,706, 62.8%). The mean weight during follow-up was 72.9 kilograms (SD=13.3) and 
participants had a median weight loss of 0.01 kilograms per month (IQR -0.07; 0.06). 
Baseline weight characteristics per third of weight loss and weight variability are reported 
in supplementary table 1.

The correlation between continuous weight variability and the continuous slope of 
weight change was negligible (Pearson’s r=0.22).
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Table 1. Demographics and clinical characteristics of study population

Sociodemographics All (N=4309)

Age, y, mean (SD) 75.1 (3.3)

Female, n (%) 2222 (51.6)

Age left school, y, mean (SD) 15.2 (2.1)

Current smoker, n (%) 1079 (25.0)

Alcohol intake, unit intake per week, mean (SD) 5.30 (9.2)

Cardiovascular risk factors

History of CVD, n (%) 1878 (43.6)

History of hypertension, n (%) 2706 (62.8)

History of stroke or TIA, n (%) 465 (10.8)

History of myocardial infarction, n (%) 560 (13.0)

Diabetes mellitus, n (%) 446 (10.4)

Serum cholesterol, mmol/L, mean (SD) 5.68 (0.9)

Weight during follow-up, kilograms, mean (SD) 72.9 (13.3)

Weight change, kg/month, mean (SD) -0.01 (0.1)

Lost more than 5% of baseline body weight during follow-up, n (%) 802 (18.6)

Gained more than 5% of baseline body weight during follow-up, n (%) 580 (13.5)

Number of weight measurements, median (IQR) 10 (10; 10)

Body mass index, kg/m2, mean (SD) 26.9 (4.1)

Pravastatin treatment, n (%) 2146 (49.8)

Number of medications, median (IQR) 3 (2; 5)

Use of diuretics, n (%) 1804 (41.9)

Cognitive function at month 30 of follow-up

Stroop test, seconds, mean (SD)1 64.5 (26.1)

LDCT, digits coded, mean (SD)2 22.9 (7.8)

PLTi, pictures remembered, mean (SD)3 9.5 (2.0)

PLTd, pictures remembered, mean (SD)3 10.2 (2.9)

Barthel, index, mean (SD)4 19.7 (0.9)

IADL, points, mean (SD)4 13.5 (1.3)

Abbreviations: CVD = cardiovascular disease; TIA = transient ischemic attack; SD = standard deviation; 
IQR = interquartile range; LDCT = Letter-Digit Coding Test; PLTi = Picture-Word Learning test immediate; 
PLTd = Picture-Word Learning Test delayed. 1=performed by 4122 participants; 2=performed by 4264 
participants; 3=performed by 4309 participants; 4=performed by 4428 participants.

6
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Association between weight loss and cognitive function
Table 2 displays the association of the slope of weight change and cognitive function. After 
full adjustments, in comparison to the middle third, the lower third of the slope of weight 
change was associated with a worse performance on all cognitive and functional domains 
except on the BI (-0.04 points, 95% CI -0.10; 0.03). To illustrate; at month 30 of follow-up, the 
lower third coded 1.42 (95% CI -1.98; -0.86) digits less on the LDCT and performed 4.39 (95% 
CI 2.42; 6.37) seconds slower on the Stroop test. On the other hand, in comparison to the 
middle third, the upper third of the slope of weight change was not significantly associated 
with cognitive performance. Continuously, the slope of weight change was also associated 
with worse cognitive function on all tests. Per 0.10 kg/month additional average weight loss, 
the score on the Stroop test was 1.82 (95% CI 1.13; 2.49) seconds slower, 0.70 less (95% CI 
-0.90; -0.51) digits were coded on the LDCT, and 0.21 less (95% CI -0.29; -0.14) pictures were 
remembered on the delayed PLT.

Loss of ≥5% of weight during follow-up was associated with worse performance on all 
domains, but did not show association with BI and IADL (Table 3 and Figure 1). After full 
adjustments, in comparison to maintaining stable weight during follow-up, participants who 
lost ≥5% of baseline body weight performed 5.83 (95% CI 3.74; 7.92) seconds slower on the 
Stroop test. Furthermore, weight loss was also associated with a worse performance on the 
LDCT (Beta -1.72 digits coded, 95% CI -2.21; -1.13) and the PLT, both immediate (Beta -0.48 
pictures remembered, 95% CI -0.64; -0.33) and delayed (Beta -0.71 pictures remembered, 
95% CI -0.93; -0.48). In comparison to individuals who maintained stable weight, we did 
not find evidence of a significant association between weight gain during follow-up and 
cognitive function.

163722_Zonneveld_BNW-def.indd   112163722_Zonneveld_BNW-def.indd   112 21-12-2023   09:4321-12-2023   09:43



113

Weight loss, weight variability and cognitive function

Ta
bl

e 
2.

 A
ss

oc
ia

tio
ns

 o
f w

ei
gh

t c
ha

ng
e 

(s
lo

pe
) d

ur
in

g 
fo

llo
w

-u
p 

tim
e 

an
d 

co
gn

iti
ve

 fu
nc

tio
n 

at
 m

on
th

 3
0 

of
 fo

llo
w

-u
p

W
ei

gh
t 

ch
an

ge
 (s

lo
pe

)

Lo
w

 t
h

ir
d

M
id

dl
e 

th
ir

d
U

pp
er

 t
h

ir
d

Co
n

ti
n

u
ou

s3

(N
m

ax
=1

43
6)

(N
m

ax
=1

43
6)

(N
m

ax
=1

43
7)

A
ll 

(N
m

ax
=4

30
9)

Co
gn

it
iv

e 
te

st
B

et
a 

(9
5%

 C
I)

B
et

a 
(9

5%
 C

I)
B

et
a 

(9
5%

 C
I)

B
et

a 
(9

5%
 C

I)

M
in

im
al

ly
 a

dj
u

st
ed

1

St
ro

op
, s

ec
on

ds
4.

75
 (2

.8
4;

 6
.6

7)
Re

f
0.

34
 (-

1.
52

; 2
.1

9)
1.

91
 (1

.2
5;

 2
.5

7)

LD
C

T,
 d

ig
its

 c
od

ed
-1

.5
2 

(-
2.

07
; -

0.
97

)
Re

f
0.

32
 (-

0.
21

; 0
.8

6)
-0

.6
9 

(-
0.

88
; -

0.
50

)

PL
Ti

, p
ic

tu
re

s 
re

m
em

be
re

d
-0

.3
7 

(-
0.

52
; -

0.
23

)
Re

f
0.

01
 (-

0.
13

; 0
.1

5)
-0

.1
5 

(-
0.

20
; -

0.
10

)

PL
Td

, p
ic

tu
re

s 
re

m
em

be
re

d
-0

.5
6 

(-
0.

77
; -

0.
36

)
Re

f
-0

.0
6 

(-0
.2

6;
 0

.1
4)

-0
.2

1 
(-

0.
28

; -
0.

14
)

Ba
rt

he
l, 

in
de

x
-0

.0
4 

(-0
.1

0;
 0

.0
3)

Re
f

0.
00

 (-
0.

06
; 0

.0
7)

-0
.0

2 
(-0

.0
4;

 0
.0

0)

IA
D

L,
 p

oi
nt

s
-0

.1
1 

(-
0.

20
; -

0.
02

)
Re

f
-0

.0
7 

(-0
.1

6;
 0

.0
2)

-0
.0

4 
(-0

.0
7;

 0
.0

1)

Fu
lly

 a
dj

u
st

ed
2

St
ro

op
, s

ec
on

ds
4.

39
 (2

.4
2;

 6
.3

7)
Re

f
0.

15
 (-

1.
78

; 2
.0

6)
1.

82
 (1

.1
3;

 2
.4

9)

LD
C

T,
 d

ig
its

 c
od

ed
-1

.4
2 

(-1
.9

8;
 -0

.8
6)

Re
f

0.
43

 (-
0.

12
; 0

.9
7)

-0
.7

0 
(-

0.
90

; -
0.

51
)

PL
Ti

, p
ic

tu
re

s 
re

m
em

be
re

d
-0

.3
7 

(-
0.

52
; -

0.
22

)
Re

f
0.

02
 (-

0.
12

; 0
.1

7)
-0

.1
5 

(-
0.

20
; -

0.
10

)

PL
Td

, p
ic

tu
re

s 
re

m
em

be
re

d
-0

.5
2 

(-
0.

73
; -

0.
31

)
Re

f
-0

.0
1 

(-0
.2

2;
 0

.2
0)

-0
.2

1 
(-

0.
29

; -
0.

14
)

Ba
rt

he
l, 

in
de

x
-0

.0
4 

(-0
.1

0;
 0

.0
3)

Re
f

0.
00

 (-
0.

06
; 0

.0
7)

-0
.0

2 
(-0

.0
5;

 0
.0

0)

IA
D

L,
 p

oi
nt

s
-0

.1
1 

(-
0.

21
; -

0.
02

)
Re

f
-0

.0
7 

(-0
.1

6;
 0

.0
2)

-0
.0

4 
(-

0.
07

; -
0.

01
)

A
bb

re
vi

at
io

n
s:

 L
D

C
T 

= 
Le

tt
er

-D
ig

it 
Co

di
ng

 T
es

t; 
PL

Ti
 =

 P
ic

tu
re

-W
or

d 
Le

ar
ni

ng
 te

st
 im

m
ed

ia
te

; P
LT

d 
= 

Pi
ct

ur
e-

W
or

d 
Le

ar
ni

ng
 T

es
t d

el
ay

ed
; I

AD
L 

= 
In

st
ru

m
en

ta
l 

ac
tiv

iti
es

 o
f d

ai
ly

 li
vi

ng
. 1 =

se
x,

 a
ge

, c
ou

nt
ry

, m
ea

n 
w

ei
gh

t d
ur

in
g 

fo
llo

w
-u

p,
 h

ei
gh

t, 
ed

uc
at

io
n.

 2 =
se

x,
 a

ge
, c

ou
nt

ry
, e

du
ca

tio
n 

le
ve

l, 
he

ig
ht

, m
ea

n 
w

ei
gh

t d
ur

in
g 

fo
llo

w
-

up
 ti

m
e,

 h
is

to
ry

 o
f c

ar
di

ov
as

cu
la

r d
is

ea
se

, h
is

to
ry

 o
f d

ia
be

te
s,

 h
is

to
ry

 o
f m

yo
ca

rd
ia

l i
nf

ar
ct

, s
m

ok
in

g,
 a

lc
oh

ol
 in

ta
ke

, n
um

be
r o

f m
ed

ic
at

io
ns

, u
se

 o
f d

iu
re

tic
s,

 u
se

 
of

 a
nt

id
ep

re
ss

an
ts

. 3  P
re

se
nt

ed
 re

su
lts

 c
an

 b
e 

in
te

rp
re

te
d 

as
 th

e 
di

ffe
re

nc
e 

is
 c

og
ni

tiv
e 

pe
rf

or
m

an
ce

 a
t m

on
th

 3
0 

pe
r 0

.1
 k

g/
m

on
th

 a
dd

iti
on

al
 w

ei
gh

t l
os

s.
 S

tr
oo

p 
te

st
 w

as
 p

er
fo

rm
ed

 b
y 

41
22

 p
ar

tic
ip

an
ts

, L
et

te
r-

D
ig

it 
Co

di
ng

 te
st

 w
as

 p
er

fo
rm

ed
 b

y 
42

64
 p

ar
tic

ip
an

ts
, a

nd
 t

he
 P

ic
tu

re
-W

or
d 

Le
ar

ni
ng

 im
m

ed
ia

te
 a

nd
 d

el
ay

ed
 

te
st

s 
w

er
e 

pe
rf

or
m

ed
 b

y 
43

09
 p

ar
tic

ip
an

ts
. I

te
m

s 
w

ri
tt

en
 in

 b
ol

d 
in

di
ca

te
 th

at
 th

e 
95

%
 c

on
fid

en
ce

 in
te

rv
al

 d
oe

s 
no

t c
on

ta
in

 z
er

o.

6

163722_Zonneveld_BNW-def.indd   113163722_Zonneveld_BNW-def.indd   113 21-12-2023   09:4321-12-2023   09:43



114

Chapter 6

Table 3. Associations of weight change during follow-up time and cognitive function at month 30 of 
follow-up

Weight change

Weight lost Weight stable Weight gained

(Nmax=802) (Nmax=2927) (Nmax=644)

Cognitive test Beta (95% CI) Beta (95% CI) Beta (95% CI)

Minimally adjusted1

Stroop, seconds 6.34 (4.31; 8.37) Ref -0.74 (-3.02; 1.54)

LDCT, digits coded -1.85 (-2.43; -1.27) Ref 0.52 (-0.14; 1.17)

PLTi, pictures remembered -0.48 (-0.64; -0.33) Ref 0.02 (-0.15; 0.20)

PLTd, pictures remembered -0.74 (-0.96; -0.52) Ref -0.08 (-0.32; 0.17)

Barthel, index -0.02 (-0.09; 0.04) Ref -0.02 (-0.09; 0.06)

IADL, points -0.09 (-0.19; 0.01) Ref -0.07 (-0.18; 0.04)

Fully adjusted2

Stroop, seconds 5.83 (3.74; 7.92) Ref -1.28 (-3.62; 1.06)

LDCT, digits coded -1.72 (-2.21; -1.13) Ref 0.78 (0.12; 1.45)

PLTi, pictures remembered -0.48 (-0.64; -0.33) Ref 0.06 (-0.12; 0.23)

PLTd, pictures remembered -0.71 (-0.93; -0.48) Ref 0.01 (-0.24; 0.26)

Barthel, index -0.02 (-0.09; 0.05) Ref -0.01 (-0.09; 0.07)

IADL, points -0.08 (-0.18; 0.02) Ref -0.05 (-0.16; 0.07)

Abbreviations: LDCT = Letter-Digit Coding Test; PLTi = Picture-Word Learning test immediate; 
PLTd = Picture-Word Learning Test delayed; IADL = Instrumental activities of daily living. 1=sex, age, 
country, mean weight during follow-up, height, education. 2=sex, age, country, education level, 
height, mean weight during follow-up time, history of cardiovascular disease, history of diabetes, 
history of myocardial infarct, smoking, alcohol intake, number of medications, use of diuretics, use of 
antidepressants. Weight loss was defined as ≥5% of body weight decreased from baseline to month 30; 
weight gain as ≥5% of weight increased; and stability if within <5% weight variation between baseline 
and month 30 of follow-up. Stroop test was performed by 4122 participants, Letter-Digit Coding test 
was performed by 4264 participants, and the Picture-Word Learning immediate and delayed tests 
were performed by 4309 participants. Items written in bold indicate that the 95% confidence interval 
does not contain zero.
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Figure 1. Fully adjusted associations of weight change during follow-up time and cognitive 
function at month 30, where weight loss was defined as ≥5% of body weight decreased from 
baseline to month 30; weight gain as ≥5% of weight increased; and stability if within <5% 
weight variation between baseline and month 30 of follow-up.
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Association between visit-to-visit body weight variability and cognitive function
The associations of visit-to-visit weight variability and cognitive function are presented 
in Table 4. After full adjustments, both middle and upper thirds of weight variability, in 
comparison to the lower third, performed worse on all tests. For example, the middle third 
(moderate variability) of weight variability was associated with 1.93 seconds (95% CI 0.01; 
3.86) slower performance on the Stroop test, whilst the upper third (high variability) was 
associated with 4.52 (95% CI 2.52; 6.51) seconds slower performance, in comparison to 
the lower third (low variability). Likewise, higher weight variability as a continuous variable 
was associated with worse cognitive function on all domains. Here, a one-SD higher weight 
variability was associated with 1.46 seconds (95% CI 0.82; 2.09) slower performance on the 
Stroop test. There were no associations with functional capacity.

Sensitivity analyses
Adjusting the analyses between weight variability and cognitive function for systolic 
blood pressure variability did not materially change the results (Table 4). The results were 
essentially unchanged when stratifying for the treatment groups (Supplementary tables 
2-4). Repeating the analyses after excluding participants with incident disease-states during 
follow-up also did not materially change the associations (Supplementary tables 5-7). The 
associations between continuous weight variability and continuous slope of weight change 
with cognitive function remained significant when including the two determinants in the 
same model (Supplementary table 8).
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4. Discussion

In the present study, we investigated the association of 2.5-years variation in weight and loss 
of weight with subsequent cognitive performance in a cohort of older individuals at increased 
risk of CVD. Loss of weight and a higher weight variability were independently significantly 
associated with worse cognition. These findings were consistent in all tested cognitive 
domains and independent of incident disease-states, use of diuretics or antidepressants, 
cardiovascular risk-factors. This study found no associations with activities of daily living.

Major strengths of this study are its size with >4,300 older participants, use of multiple 
consecutive weight measurements and the ability to investigate various cognitive domains. 
Furthermore, participants were free of dementia at baseline due to the PROSPER exclusion 
criteria of MMSE scores<24. A limitation is the lack of information regarding physical activity 
and intentional weight loss. At the onset of data collection, study participants received health 
counselling which may have led some participants to intentionally lose weight. Intentional 
loss of weight has been showed to result in improved cognitive function [18], whereas 
the present study could not corroborate this observation. Furthermore, reverse causation 
may also play a role as cognitive impairment can also lead to raised energy expenditure 
or changes in eating habits [2]. Lack of associations of weight loss or variability with BI and 
IADL may be due to the ceiling effects.

Current evidence on the association between cognitive decline and variation of weight 
mainly comes from studies that collected fewer weights measurements (≤3) than the present 
study (median of 11 measurements, IQR 11; 11) [1, 6, 19, 20]. Furthermore, these studies did 
not calculate an average slope of weight change during follow-up as done in the present 
study. In line with our results, these studies demonstrate that greater variation in weight is 
associated with higher risk of dementia. In the present study, we used a battery of cognitive 
tests to examine various domains as opposed to solely the diagnosis of dementia [1, 19-
21], adding nuance to our findings. Consistent with our findings, these studies suggest that 
larger variation in weight may function as a marker of risk of early cognitive impairment.

On the other hand, some studies present mixed results. Improved cognitive function 
following intended weight loss has also been observed among older individuals [18, 22, 23] 
However, these studies were designed to intentionally induce weight loss in participants 
whereas in the present study, it is believed that weight loss in the vast majority was 
unintentional and therefore a consequence of other subclinical processes.

Incident disease-states such as cancer are often thought to be the underlying cause 
of weight loss [2]. In the present study, participants with a recent history of malignancies 
(<5 years) and cardiovascular events (<6 months) were excluded during recruitment of 
the original PROSPER trial, and we found that associations did not change after repeating 
the analyses excluding participants with incident disease-states during follow-up. It is 
therefore more likely that weight loss in the present study may have resulted from unstable 
homeostasis rather than due to major disease during the follow-up. We also demonstrated 
that higher weight variability was associated with worse cognitive function, independent 
of systolic blood pressure variability. This may suggest that variability in body weight and 

6
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systolic blood pressure do not share a common cause, and that the current findings are 
different from what we have previously published [10, 11]. In addition, the two variability 
variables are more likely to symbolize different biological pathways are involved in regulating 
homeostasis.

The biological mechanisms by which weight loss and most notably weight variability 
is associated with cognitive function are not fully understood. Weight loss can result as 
a downstream effect of normal ageing as metabolic needs may change [2]. In addition, 
polypharmacy can cause dentition and absorption issues, altered gastric signals, causing 
early satiation, or loss of appetite. Reverse causality, where weight loss is an early 
manifestation of dementia [24], could also contribute to our findings. However, weight 
loss has been shown to precede symptoms of cognitive decline, implying that pathological 
processes of weight loss could contribute, perhaps indirectly, to cognitive decline [25]. 
Future long-term investigations are warranted to examine whether maintaining weight 
stability can effectively decrease the risk of cognitive decline.

In conclusion, we found that in older participants at increased risk for vascular disease, 
steeper decline in weight and a higher variability in body weight, were strongly associated 
with lower cognitive function in multiple domains. These findings were independent of 
cardiovascular risk-factors, comorbidities, incident disease-states, and independent of each 
other. Although we did not produce evidence favouring weight change to cause decreased 
cognitive function, it may represent an early manifestation or signal of cognitive decline.
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