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1 | INTRODUCTION

Abstract

Introduction: Populations at increased risk of dementia need to be identified for
well-powered trials of preventive interventions. Weight loss, which often occurs in
pre-clinical dementia, could identify a population at sufficiently high dementia risk.
Methods: In 12,975 survivors in the Heart Protection Study statin trial of people with,
or at high risk of, cardiovascular disease, the association of weight change over 5
years during the trial with post-trial dementia recorded in electronic hospital admis-
sion and death records (n = 784) was assessed, after adjustment for age, sex, treatment
allocation, and deprivation measures.

Results: Among the 60% without substantial weight gain (<2 kg weight gain), each 1 kg
weight loss was associated with a risk ratio for dementia of 1.04 (95% confidence inter-
val, 1.02-1.07). Weight loss >4 kg and cognitive function below the mean identified
participants aged >67 years with a 13% 10-year dementia risk.

Discussion: The combination of weight loss and high vascular risk identified individuals

at high risk of dementia who could be recruited to dementia prevention trials.
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randomized trials.®=8 For example, to be well powered to detect a
plausible but worthwhile 20% reduction in dementia risk, a trial of

Globally, dementia prevalence has increased from 20 million in 1990
to around 55 million now, and dementia has been cited as the 7t
leading cause of death.!”3 There are no widely available, effective
treatments for dementia® and so new lifestyle and medical preven-

tative treatments need to be developed and tested in well-powered
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10,000 participants over 10 years would need to be conducted in
a high risk population in which at least 12% of control participants
developed dementia (Supplementary Information Table S1, which is
available online). So, there is a need to identify populations at higher
risk.

Dementia is a clinical syndrome resulting from a number of over-
lapping pathologies and often has a long pre-clinical period of 15-20

years or more during which, in addition to cognitive decline, patients
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may experience a loss of weight, reduction in blood pressure and reduc-
tion in activities.”"1* These reductions could provide an earlier sign
of increased dementia risk, and some changes, particularly in weight,
can be monitored easily and might be particularly useful as an indica-
tion for cognitive testing. Two of the dementia risk profiling measures
recommended by the European Task Force for Brain Health Services
include a single measure of body mass index (BMI), in combination
with other demographic, health and lifestyle factors, but none included
weight loss.1>16 Although weight loss is associated with a higher
risk of dementia over a short timeframe, obesity is associated with
greater risks of dementia 15 or more years later.?1117 Hence, the rela-
tionship observed between weight change and dementia is typically
non-linear.'81? Dementia commonly has mixed neurodegenerative and
vascular pathology and people with vascular disease are at increased
risk of dementia.22-22 Therefore, high vascular disease risk and weight
loss in combination may identify a population at particularly high risk
of dementia.

The aim of the present study is to investigate the value of weight
change among participants with, or at high risk of, occlusive vascu-
lar disease in the Heart Protection Study (HPS) 5-year statin trial,
as a predictor to help identify a population at sufficiently high risk
of dementia incidence post-trial for inclusion in a potential trial of

dementia prevention.

2 | METHODS

2.1 | Study population

The present analyses include participants in the HPS randomized trial
of simvastatin versus placebo who survived to a final in-person follow-
up at the end of the scheduled treatment period (between 2000 and
2001) without a diagnosis of dementia recorded and who had mea-
surements of weight at baseline (1994-1997) and final follow-up and
ameasurement of height at baseline (Figure 1).2324 The HPS recruited
participants with pre-existing vascular disease, diabetes, or hyperten-
sion from the United Kingdom. Approval was obtained from the ethics
committees of the participating institutions and all participants gave
written informed consent, including for future medical research.

At regular follow-up visits until the participant’s scheduled final
visit, information was sought from them about the occurrence of any
serious adverse events. Further information was gathered from addi-
tional sources (e.g., hospital records) and more than 99% of participants
had complete follow-up according to the trial procedures. In addi-
tion, participants in England and Wales were linked to NHS Digital
Hospital Episode Statistics data on hospital admissions, or equivalent
the dataset in Wales, and to death registry data with follow-up until
January 31,2012.

2.2 | Measurements

Baseline data recorded before randomization included age, sex, smok-

ing, alcohol use, prior disease, current medication use, height, weight,

systolic and diastolic blood pressure, and measurements of blood lipid,
lipoprotein, and creatinine levels. Weight was measured to the near-
est kilogram by the clinic nurse, both pre-randomization and at the
final follow-up visit a mean of 5.5 (interquartile range 5.1-5.9) years
after randomization. Weight change was computed as follow-up minus
baseline weight and percentage weight change as 100 x (follow-up
- baseline weight)/baseline weight. Participants with weight changes
more extreme than +40 kg or +50% were excluded from the present
analyses asoutliers (Figure 1). Townsend deprivation index was derived
from the participant’s postcode at baseline.2>

Cognitive function was assessed at the final follow-up visits in
14,077 of the included participants using the 13-item Modified Tele-
phone Interview for Cognitive Status (TICS-m)2% with an additional
verbal fluency test (with both tests generally administered in person
by the nurse). The global TICS-m score together with the verbal fluency
score were converted into a global cognitive z-score using a previously
reported procedure.?” The cognitive function z-score was calculated
over all HPS participants with cognitive testing and has mean zero and
standard deviation (SD) 1 over those participants; its mean and SD in
the subset in the present report (with weight measurements) were 0.05
and 0.96, respectively.

Genotyping of two single nucleotide polymorphisms (SNPs) at the
APOE locus, rs7412 (the e2 SNP) and rs4420638 (a proxy for rs429358
(the €4 SNP); r2 ~ 0.728), using a custom |.PLEX panel were available for
10,088 participants in this study.??

2.3 | Ascertainment of dementia

Analyses of dementia were restricted to participants with electronic
data linkage (i.e., those from England and Wales). The outcome demen-
tia (and subtypes of dementia) was defined as the first occurrence
of an ICD-10 code diagnosis (in any diagnostic position) in the elec-
tronic data following a previously defined specification used in another
trial (Supplementary Information Table 52)3°; Diagnoses in the elec-
tronic data prior to final in-trial follow-up or the reporting of dementia
in the trial (mainly by participants to the nurses at 6-monthly clinic-
based follow-up visits, by carers at telephone follow-up or by general
practitioner follow-up when the former approaches failed?4) were
used to define prior known dementia. Participants with such a diag-
nosis were excluded from the analysis of post-trial dementia, leaving
12,975 participants for inclusion in the analysis of dementia incidence
(Figure 1).

2.4 | Statistical analysis

The shape of the relationship between weight change and dementia
was investigated since a non-linear relationship was anticipated on
the basis of the previous literature.l”-1? Therefore, the 14,370 partic-
ipants eligible for analysis of either dementia incidence or cognitive
function were grouped into fifths of weight change, percentage weight
change, and baseline and follow-up weight within each sex. BMI mea-

sures were grouped into fifths in the same manner. The bounds for the
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(n=20,536)
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(n=106) prior to final in-trial follow-up

Survived without dementia
to final in-trial follow-up
(n=17,594)

-

Final follow-up by telephone (n=2,377)

In-person final in-trial
follow-up
(n=15,217)

A
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(at baseline or final follow-up) (n=836)

4
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Lost >40kg or >50% baseline weight (n=5)
Gained >40kg or >50% baseline weight (n=6)

Eligible for analysis
(n=14,370)

Non England/Wales (n=1,395)

A

Post-trial follow-up available
(n=12,975)

Successful APOE genotyping
(n=10,088)

Cognitive testing available
(n=14,077)
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Post-trial follow-up
and APOE genotyping
(n=9,091)

FIGURE 1

fifths of each measure are shown in Supplementary Information Table
S3, and for weight change were the same in men and women (<-4 kg,
-3 to -1 kg, 0—2 kg, 3—5 kg, >6 kg). Participants eligible for cognitive
analysis were grouped into fifths of residual cognitive function after
adjustment for age (as a categorical variable with 20 levels) and sex.
Standard adjustment in the analyses of first reported post-trial demen-
tia was for age (20 levels), sex, randomized trial treatment allocation,
height, and Townsend deprivation index. The hazard ratios (HRs) for
dementia per 1 kg lower level of weight change across fifths corre-
sponding to weight loss or little change and by groups were estimated
by Cox regression. HRs in groups were presented as floating absolute
risks relative to the middle weight category (whereby standard errors
were assigned approximately independently to each category to avoid
restricting comparisons to an arbitrary reference group).3 In addition,
the associations of baseline and follow-up weight, percentage change

in weight, baseline and follow-up BMI, change in BMI, baseline and

Cognitive Z-score
and APOE genotyping
(n=9,889)

Number of participants included in analyses. APOE, apolipoprotein E

follow-up systolic blood pressure, change in systolic blood pressure,
cognitive function, and APOE genotype with dementia were considered
in a similar way. Likelihood ratio test y? statistics for the addition of
various measures to standard adjustment were presented to compare
the amount of statistical information the measures added. The rela-
tionships between APOE genotype, cognitive function, and weight loss
were also investigated, using linear regression.

The independent predictive value of weight change for dementia
was investigated using forward selecting stepwise models over avail-
able variables (Supplementary Information Table S4) both with and
without the inclusion of cognitive function and APOE genotype as avail-
able variables (“without” representing the most likely initial clinical
situation). To provide some comparison with the published ANU-ADRI
(Australian National University Alzheimer’s Disease Risk Index),3?
BDSI (Brief Dementia Screening Indicator),3® and CAIDE (Cardiovas-

cular Risk Factors, Aging and Incidence of Dementia Risk Score)3* risk
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TABLE 1 Characteristics of participants with two weight measurements and post-trial follow-up or cognitive assessment at the end of the trial

Characteristic
Age at last in-trial follow-up in years - n (%)
<70
70to <75
>75
Mean (SD)
Men - n (%)
White ethnic origin (self-reported)?® - n (%)
Baseline measurements - mean (SD)
Weight (kg)
Height (cm)
Body mass index (kg/m?)
Systolic blood pressure® (mmHg)
Diastolic blood pressure® (mmHg)
Prior diseases at baseline - n (%)
Cerebrovascular disease
Peripheral vascular disease
Prior myocardial infarction
Other coronary heart disease®
Treated hypertension
Diabetes
Non-fatal in-trial events - n (%)
Stroke
Transient ischemic attack
Myocardial infarction
Heart failure
New onset diabetes
Cancer
Follow-up minus baseline weight change fifths in kg - n (%)
<-4
-3to-1
Oto2
3to5
>6
Mean (SD)

a0ther ethnicities were Indian/Pakistani/Bangladeshi (1.5%), West Indian/Guyanese (0.9%), other or mixed (0.5%).

With post-trial follow-up

Cognitively assessed

(n=12,975) (n=14,077)
6411 (49.4%) 7047 (50.1%)
3055 (23.5%) 3309 (23.5%)
3509 (27.0%) 3721 (26.4%)
68.8(8.4) 68.7 (8.3)
9728 (75.0%) 10594 (75.3%)
12581 (97.0%) 13706 (97.4%)
79.9(14.0) 79.8(13.9)
170.1(9.0) 170.0(8.9)
27.6(4.3) 27.6(4.3)
143.9(23.1) 143.7 (23.1)
81.4(11.9) 81.4(11.9)
1906 (14.7%) 2048 (14.5%)
3703 (28.5%) 4251 (30.2%)
5291 (40.8%) 5754 (40.9%)
3007 (23.2%) 3385 (24.0%)
5254 (40.5%) 5698 (40.5%)
3863(29.8%) 3979 (28.3%)
385 (3.0%) 395 (2.8%)
352 (2.7%) 364 (2.6%)
486 (3.7%) 531(3.8%)
246 (1.9%) 272 (1.9%)
425 (3.3%) 459 (3.3%)
584 (4.5%) 613 (4.4%)

2505 (19.3%)
2521(19.4%)
3126 (24.1%)
2375(18.3%)
2448 (18.9%)

.9 (6.

2697 (19.2%)
2761(19.6%)
3430 (24.4%)
2567 (18.2%)
2622 (18.6%)

9 (

6.0)

bBaseline systolic and diastolic blood pressure missing in two and three participants with post-trial follow-up respectively, and in three and four participants

who were cognitively assessed.

€Other coronary heart disease = Stable or unstable angina, or a history of coronary revascularization.

dBoundaries of fifths of weight change were the same in men and women.

scores, the parts of those scores other than age, sex, and cognitive
terms that were available in HPS (Supplementary Information Table S5)
were also included as composite available variables for selection. How-
ever,only 19/47,18/33, and 7/11 of the relevant ranges of points in the
three scores, respectively, were available in the HPS data.

The absolute observed dementia risk over 10 years within risk cat-
egories by age, weight loss, and cognitive function were tabulated.
Analyses and plotting used SAS version 9.4 and R version 3.6.2 in
RStudio version 1.2.5033.

3 | RESULTS

Among the 12,975 participants included in the post-trial dementia
analysis, the mean age at the end of the in-trial period was 69 (SD 8)
years, 75% were male, and 97% were self-classified as of white eth-
nic origin (Table 1). All participants had prior cardiovascular disease,
hypertension, or diabetes by the trial inclusion criteria, and 14.7% had
prior cerebrovascular disease at randomization. In trial, 3.0% had an
incident stroke, 2.7% an incident transient ischemic attack, and 4.5%
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%2 statistics and p-values for the strengths of ion of weight with d ia risk
Comparison Absolute weight change  Percentage weight change Baseline weight Follow-up weight
x> P value x? P value x* P value x? P value

Heterogeneity across fifths of weight measure (4 df) 38.3 <.0001 38.6 <.0001 72 13 23.5 .0001

Trend across fifths of weight measure (1 df)* 28.8 <.0001 25.2 <.0001 53 .02 222 <.0001

Non-linearity across fifths of weight measure (3 df) 9.5 .02 13.4 .004 1.9 .60 13 .73

Trend over lowest 3 fifths of weight measure (1 df)* 17.2 <.0001 15.0 .0001 21 14 9.6 .002

Lowest versus higher fifths of weight measure (1 df) 29.3 <.0001 27.7 <.0001 51 .02 14.9 .0001

FIGURE 2 Associations of different weight measures with the incidence of first recorded dementia post-trial, after standard adjustment.
Number of dementia cases shown below each square. The lines displayed in the panels reflect data-driven summaries of the observed patterns. In
the first two panels, the solid line shows the trend over the three fifths with weight loss or little change and the dotted line shows the continuation
of this line. *Using the mean weight measure in each group as exposure dose

an incident cancer recorded. Between baseline and final follow-up (a
mean of 5.5 years later), the mean weight change was +0.9 (SD 6.0) kg,
and the mean percentage weight change was a 1.3% increase. About
20% of both men and women lost at least 4 kg, 20% lost 1—3 kg, and
20% gained 6 kg or more (Supplementary Information Figure S1). The
characteristics of the 14,077 participants with cognitive assessment

were very similar to those with follow-up for dementia (Table 1).

3.1 | Weight change and dementia risk

Dementia was recorded in 784/12975 (6%) participants (including
172 recorded as Alzheimer’s, 274 as vascular dementia, and 338 as
both or unspecified). There was a non-linear relationship between
weight change and the first recorded incidence of dementia post-trial
(Figure 2). Over the three fifths of the population with weight loss or
little change, there was an inverse linear association between weight
change and the HR for dementia on a log scale (HR per 1 kg weight loss
1.04, 95% confidence interval [Cl] 1.02—1.07), and this relationship
extended to the fifth with weight gain of 3—5 kg in whom the lowest
risk of dementia was observed. Among those with weight gain >6 kg,
there was a somewhat higher risk of dementia, similar to that in partic-
ipants with little weight change. The fifth with the greatest weight loss
(>4 kg) was associated with an HR of 1.51 (95% CI 1.31-1.74) relative
to the middle group (weight gain 0-2 kg) and an HR of 1.59 (1.35-1.87)
relative to the other four groups combined. The percentage change in
weight (with the lowest group corresponding to a weight loss of about

4% or more in men and 5% or more in women) showed a very simi-
lar association with dementia to that of the absolute change in weight
(Figure 2).

Weight at baseline and weight at follow-up were inversely asso-
ciated with dementia risk across all groups, but the associations
were weaker (as assessed by the;(2 statistics) than those with mea-
sures of weight change (Figure 2). Height was only measured at
baseline, but based on using this value at baseline and follow-up,
changes in BMI showed similar strengths of association with demen-
tia to those with weight change (Supplementary Information Figure
S2). No measures of systolic blood pressure or change in systolic
blood pressure were statistically significantly associated with the first
recorded incidence of dementia post-trial (Supplementary Information
Figure S3).

Neither the linear associations of weight change with dementia
across the three fifths with greatest weight loss, nor the associations of
the fifth with greatest weight loss versus other fifths of weight change
with dementia showed heterogeneity by age at final follow-up, period
of follow-up, or APOE genotype (all P-value > .05, Supplementary

Information Figure S4).

3.2 |
change

Cognitive function, dementia risk, and weight

Cognitive function was strongly inversely associated with dementia
risk with a 4.34 (95% Cl 3.35-5.61) HR across fifths (Figure 3). The
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FIGURE 3 Association of cognitive function with the incidence of first recorded dementia post-trial and different weight measures, after
standard adjustment. In the first panel, the residual of cognitive function z-score from a model allowing for age (20 groups) and sex is ranked into
fifths and the number of dementia cases is shown below each square. Missing = Cognitive function z-score not available

fifth with greatest weight loss was also clearly associated with poorer
cognitive function at final follow-up, but the remainder of the points
were consistent with either a trend over the lower four fifths of
weight change, as seen for dementia, or a flat relationship between
weight change and cognitive function (Figure 3). There was no statisti-
cally significant association between baseline or follow-up weight and

cognitive function.

3.3 |
change

APOE genotype, dementia risk, and weight

Carrying a higher number of APOE &4 alleles was associated with
greater risk of dementia (HR 1.98 [95% CI 1.73-2.27]), lower cog-
nitive function z-score (-0.08 [-0.12 to -0.05]), and greater weight
loss between baseline and follow-up (-0.40 [-0.62 to -0.18] kg weight
change per ¢4 allele) (Supplementary Information Figure S5). Carry-
ing a higher number of ¢2 alleles was more weakly associated with the
opposite effects.

3.4 | Predictors of dementia risk

In a stepwise selection model for predictors of dementia (with stan-
dard adjustment) when cognitive function and APOE genotype were
not made available, weight change was selected first (Table 2, Supple-
mentary Information Table S4). When cognitive function and APOE ¢4
genotype were available for selection they were the factors selected
first, after which weight change was selected next. Other factors
selected (at P-value < .005) were transient ischemic attack in trial
and diabetes, insulin use and low-density lipoprotein cholesterol at

baseline. The published risk score composite components were not
selected.

3.5 | Identifying a high dementia risk subset

Table 3 and Supplementary Information Table Sé show the absolute
risks of recorded dementia in the hospital records during the first
10 years of post-trial follow-up within age, previous disease, and risk
groups. Of the 12,975 participants surviving to final in-trial follow-up
without dementia recorded, 4961 (38%) were aged <67 years and had
a low risk of dementia. Among the remaining 8014 participants, 638
(8.0%) had dementia recorded within the 10 years. Among 1712 with
weight loss >4 kg, dementia was recorded in 9.9% overall, and in 12.8%
of the 988 participants who additionally had a cognitive function z-
score < 0 or not available. Rates were higher in APOE &4 carriers, but
this identified only a much small proportion of the population (Sup-
plementary Information Table Sé). Death before recorded dementia
was a competing risk and among those aged >67 years occurred in
44.9% overall and in 58.8% of those with weight loss >4 kg and cog-
nitive function z-score < 0 or missing (Supplementary Information
Table S6).

4 | DISCUSSION

In a cardiovascular trial population, where most participants had pre-
existing atherosclerotic disease, greater weight loss over 5 years and
lower baseline or follow-up weight, were all predictors of future
dementia incidence. A measure of weight change was the strongest
predictor of future dementia risk from among the risk factors avail-
able in the trial (after allowing for age, sex, randomized trial treatment
allocation, height, and Townsend index), in the absence of knowl-
edge of cognitive function or APOE genotype. When cognitive function
or APOE genotype were available, they were the strongest pre-
dictors but a measure of weight change was the next strongest

predictor.
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TABLE 3
and risk group

Incidence of first recorded dementia in the Heart Protection Study (HPS) during 0-9 years post-trial by age at final in-trial follow-up

Previous disease (at baseline or in-trial)

Cerebrovascular disease Other? Overall
Dementia/at Rate/ Rate/ Dementia/at risk Rate/

Age at final in-trial follow-up, years risk 100 py Dementia/at risk 100 py (%) 100 py
All participants aged >67

Age: 67-71 23/482 (4.8%) 0.59 94/2180 (4.3%) 0.51 117/2662 (4.4%) 0.53

Age: 72-76 59/642(9.2%) 1.29 185/2388 (7.7%) 1.02 244/3030 (8.1%) 1.07

Age: >77 60/498 (12.0%) 1.96 217/1824(11.9%) 1.78 277/2322 (11.9%) 1.82

Total aged >67 142/1622 (8.8%) 1.23 496/6392 (7.8%) 1.02 638/8014 (8.0%) 1.06
Weight loss >4 kg

Age: 67-71 4/103 (3.9%) 0.52 24/376 (6.4%) 0.84 28/479 (5.8%) 0.77

Age: 72-76 16/129 (12.4%) 2.02 46/489 (9.4%) 1.39 62/618 (10.0%) 1.51

Age: >77 18/145 (12.4%) 2.52 62/470(13.2%) 2.33 80/615 (13.0%) 2.37

Total aged >67 38/377(10.1%) 1.67 132/1335(9.9%) 1.49 170/1712(9.9%) 1.53
Cognitive z-score < 0 or missing

Age: 67-71 17/240 (7.1%) 0.90 61/955 (6.4%) 0.78 78/1195 (6.5%) 0.80

Age: 72-76 49/397 (12.3%) 1.83 133/1205 (11.0%) 1.52 182/1602 (11.4%) 1.59

Age: >77 50/334 (15.0%) 2.57 165/1124 (14.7%) 2.30 215/1458 (14.7%) 2.36

Total aged >67 116/971(11.9%) 1.78 359/3284 (10.9%) 1.51 475/4255 (11.2%) 1.57
Weight loss >4 kg and cognitive

z-score < 0 or missing

Age: 67-71 2/50 (4.0%) 0.56 18/163 (11.0%) 1.46 20/213(9.4%) 1.26

Age: 72-76 11/79 (13.9%) 251 31/267 (11.6%) 1.82 42/346 (12.1%) 1.96

Age: >77 16/109 (14.7%) 3.15 48/320(15.0%) 2.78 64/429 (14.9%) 2.87

Total aged >67 29/238(12.2%) 2.23 97/750(12.9%) 2.08 126/988 (12.8%) 2.11

Abbreviation: py, person years at risk.

2Coronary disease, other occlusive arterial disease, diabetes or hypertension at baseline, excluding those with cerebrovascular disease at baseline or in-trial.

Weight loss, compared to maintaining a steady weight, was associ-
ated with higher dementia risk in a large individual participant meta-
analysis of prospective studies and in recent large studies (>60,000
incident cases of dementia in total).181%3536 \Weight gain was also
associated with higher dementia risk in some studies but less con-
sistently and with some studies suggesting that this association was
limited to vascular dementia.'® However, data on weight change and
vascular dementia incidence were very limited. The APOE ¢4 genotype
is a strong risk factor for dementia and in the present study, APOE ¢4
genotypes were associated with weight loss. Consistent with this, a
recent study in UK Biobank found that genetic risk of dementia began
to predict lower BMI from about age 50, further suggesting that weight
loss might manifest as an early pathophysiological change associated
with dementia.®” The mechanisms by which weight loss is associated
with increased risk of dementia remain debated: it may be due to
reverse causality and pathological changes in the brain,'8 but alterna-
tively, arole of impaired brain energetics as a causal factor for dementia
has gained support.®®

Dementia trials are often under-powered.3?4% For example, the

preDIVA multidomain intervention cluster randomized trial, which

included 3500 participants who were in their 70s but not otherwise
selected by risk, was powered to detect a 33% proportional reduction
in dementia incidence with the intervention over 6 years but observed
only 7% incidence of dementia and a non-significant 8% proportional
reduction in risk*!. It therefore concluded that future studies should
select populations at higher risk. Weight loss of at least 4 kg helped
identify a group at high risk of dementia in the present study. Among
HPS survivors to final in-trial follow-up aged >67 years, 8.0% had
dementiarecorded in hospital admissions during the following 10 years
of follow-up. The percentage rose to 9.9% when restricting to those
with weight loss of at least 4 kg and to 12.8% when further excluding
those with cognitive function z-score above the overall mean in HPS.
In a population at this risk, a randomized trial in 10,000 participants of
an intervention over 10 years would have 90% power to detect a 20%
proportional reduction in dementia risk at 2P < .01 (Supplementary
Information Table S1).

Risk scores for dementia have been proposed as a means of iden-
tifying higher risk populations for trials. The simple CAIDE risk score
>6 was used for initial invitation of participants, followed by cognitive
testing criteria, in the Finnish Geriatric Intervention Study to Prevent
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Cognitive Impairment and Disability (FINGER) trial.*> A CAIDE score
of 6-7 corresponded to a dementia risk of only 2% over 20 years in the
original study developing the score and so may only be useful for stud-
ies of cognitive function outcomes rather than dementia incidence. The
BDSI®3 and the ANU-ADRI have been recommended as dementia risk
profiling measures in individuals aged 65 and older.1> However, none
of these three scores or measures included weight loss. Only about
half of the terms other than age, sex, and cognitive measures in these
scores were available in HPS, and the partial scores from these were
not selected as predictive of dementia in HPS in the present analyses.
In a review of scores for dementia risk, about a quarter of the scores
included BMI as a risk factor, but none included change in weight
or BMI.16 As the direction of the association of BMI with dementia

varies with length of follow-up and age,”' 117

single measures of weight
or BMI have contributed to risk scores in different ways depending
on the context.333443-45_Scores with more extensive/expensive mea-
sures such as genotyping or brain imaging tended to perform slightly
better in the reviewed studies.’® APOE genotype was a strong risk
factor in the scores that included it, as found in the present study,
and a polygenetic risk score using genome-wide data in one score*®
achieved additional predictive power. However, expensive measures
may be less feasible for use in large scale contexts. By contrast, weight
is easily measured and was available in about two-thirds of individu-
als in routine primary care data in a study in the United Kingdom, with
a mean interval of 2 years in those with a repeat measure.*” Weight
loss may reflect a pre-clinical stage of dementia and therefore may
be relevant for the identification of populations for the assessment of
any interventions that might slow the progression from pre-clinical to
clinically manifest dementia, but may be particularly relevant for inter-
ventions to address brain energy deficits, which are an avenue under
investigation.®®

5 | LIMITATIONS

The study was limited by only capturing dementia after the scheduled
treatment period from hospital admissions and death records. Demen-
tia in hospital admissions are on average 1-2 years later than diagnosis
in primary care.*® Therefore, the observed rates from hospital admis-
sion data at ages >67 years may be interpreted as predicted rates at
ages >65 years. However, routinely collected health data dementia
diagnoses have a high positive predictive value and reasonable sensi-
tivity for a clinical diagnosis, which is somewhat better with primary
care data.*? An analysis in the UK Biobank population where primary
care records as well as hospital admission diagnoses were available
(Supplementary methods, Supplementary Information Table S7) sug-
gested that, after allowing for a 2 year delay, 20% more cases might
be diagnosed in primary care over those from hospital admission diag-
noses. Hence, the absolute percentages with dementia diagnoses may
be about 2% higher than the observed rates cited above (and in Table 3).
Against this, trial participants willing to continue to a further trial
would be likely to be somewhat healthier than survivors overall, leading

to somewhat lower expected rates. The HPS study largely comprised

Disease Monitoring

white British participants; therefore, the generalisability of findings to
other high vascular risk populations remains to be evaluated.

6 | CONCLUSIONS

In a population with pre-existing occlusive vascular disease or at high
vascular risk, after allowing for age, weight loss was the strongest
predictor of the incidence of recorded dementia in the absence of a
cognitive function measure and APOE genotype. Weight loss >4 kg and
cognitive function below the mean identified a set of participants with a
projected >12% risk of dementia diagnosis over 10 years. Such a popu-
lation risk would provide power to detect a 20% proportional reduction
in the incidence of dementia with an intervention in a trial of 10,000
participants over 10 years. Weight loss is a frequently available factor

that should be considered in dementia risk prediction scores.
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