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Benefits of population-level interventions for dementia risk
factors: an economic modelling study for England

Naaheed Mukadam, Robert Anderson, Sebastian Walsh, Raphael Wittenberg, Martin Knapp, Carol Brayne, Gill Livingston

Summary

Background Individual-level interventions for dementia risk factors could reduce costs associated with dementia and
some are cost-effective. We aimed to estimate the cost-effectiveness of population-level interventions for tackling

dementia risk factors.

Methods In this economic modelling study, we included recommended population-based interventions from a
previously published review article for which there was consistent and robust evidence of effectiveness in tackling
a dementia risk factor (tobacco smoking, excess alcohol use, hypertension, obesity, air pollution, and head injury).
We only included interventions if they had not been introduced in England or were in place but could be
extended. The interventions studied were increases in tobacco pricing, minimum pricing for alcohol, raising
alcohol price, salt reduction policies, sugar reduction policies, low emission zones, and compulsory helmet use for
cycling by children (aged 5-18 years). We used published intervention effect sizes and relative risks for each risk
factor and a Markov model to estimate progression to dementia in populations with and without the intervention,

looking at lifetime risk, in the population of England.

Findings We estimated that reductions in excess alcohol use through minimum unit pricing would lead to cost-savings of
£280 million and 4767 quality-adjusted life-years (QALYs) gained over an indefinite succession of age cohorts.
Reformulation of food products to reduce salt would lead to cost-savings of £2-4 billion and 39433 QALYs gained
and reformulation to reduce sugar would lead to cost-savings of £1-046 billion and 17985 QALYs gained. Reducing
dementia risk from air pollution by introducing low emission zones in English cities with a population of 100 000 or
more (that do not already impose restrictions) would lead to £260 million cost-savings and 5119 QALYs gained.
Raising cigarette prices by 10% to reduce dementia risk from smoking would lead to 2277 QALYs gained and cost-
savings of £157 million. Making bicycle helmets compulsory for children (aged 5-18 years) to reduce dementia risk
from head injury would lead to cost-savings of £91 million and 1554 QALYs gained.

Interpretation Population-level interventions could help tackle life course dementia risk and save costs.

Funding UK National Institute for Health and Care Research Three Schools dementia research programme.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Dementia is a clinical syndrome characterised by cognitive
decline with resulting impairment of function.! Dementia
affects the person living with it, their friends, and their fam-
ilies and has substantial health-care and social care costs,
estimated at over US$1 trillion worldwide annually.? As the
worldwide population ages, the number of people living with
dementia is expected to rise.* Therefore, initiated and sus-
tained prevention efforts are important for individuals and
the economy. Some high-income countries have reported
age-specific declines in dementia prevalence and incidence
over time, which has been suggested to be attributable to
improvements in life course population health during the
second half of the 20th century.* The Lancet Commission on
dementia prevention, intervention, and care 2020 estimated
that up to 40% of dementia cases might be preventable by
targeting 12 risk factors—low level of education, hearing loss,
air pollution, diabetes, hypertension, smoking, excess
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alcohol, physical inactivity, social isolation, depression,
obesity, and traumatic brain injury.’

We have previously reported on cost-effectiveness of
individual-level interventions targeting dementia risk
factors, finding that interventions to stop smoking and
provide hearing aids would recoup their initial cost in terms
of reduced dementia treatment costs, and treatment of
hypertension would be cost-effective on standard cutoffs of
£20000 per quality-adjusted life-year (QALY).© Modelling
of multi-domain interventions has also suggested their
potential cost-effectiveness,”® although there have been
some criticisms of these with regard to assumptions made
about the scalability and sustainability of benefit.’

These individual-level interventions require individuals to
have agency and resources to access, engage with, and
adhere to interventions. These factors potentially limit the
effect of these interventions to individuals who are more
educated, highly motivated, or with more resources,
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See Online for appendix
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20Cost,target%20currency%
20and%20price%20year

Research in context

Evidence before this study

We have previously reported on cost-effectiveness of individual-
level interventions targeting dementia risk factors, modelling
effect on dementia incidence and its expected costs. Considering
only the effect on dementia incidence, we estimated that
interventions to stop smoking and provision of hearing aids would
recoup their initial cost in terms of reduced costs for dementia
treatment and treatment of hypertension would be cost-effective.
However, individual-level interventions require individuals to have
agency and resources to access, engage with, and adhere to
interventions, which could limit their effect. Our previous
systematic review found highly cost-effective and cost-saving
population-based interventions for dementia risk factors,
particularly those targeting smoking, educational attainment, and
physical inactivity but we did not consider the costs and benefits
associated with the potential follow-on effect on dementia
prevention.

Added value of this study
To the best of our knowledge, this economic modelling study was
the first to estimate the effect of population-level interventions for

exacerbating existing inequalities because these groups
already have lower rates of dementia.’® Therefore,
population-level interventions, which target the environ-
ments of whole populations rather than requiring individual
agency, might be more effective and equitable.”

In a previous study, we have shown that population-level
approaches are under-considered in the dementia prevention
literature compared with individual-level approaches.? We
have also found cost-effective and cost-saving population-
based interventions for dementia risk factors, particularly
for those targeting smoking, educational attainment, and
physical inactivity.'* However, we did not model the costs
and benefits associated with the potential follow-on effect
on dementia prevention. Economic modelling for non-
communicable diseases has not generally included the
additional impact of preventing or reducing dementia risk,
which means the potential benefits of dementia prevention
have not been considered™ despite dementia being a sub-
stantial driver of costs in an ageing population. In this study,
we assessed population-level approaches to dementia risk
reduction in terms of their impact on the costs of the disease
and the benefits in terms of health-related quality of life.

Methods

Interventions

In this economic modelling study, we considered any
recommended interventions from a previously published
review article® for which there was consistent and robust
evidence of effectiveness in tackling a dementia risk factor
using population-based interventions, as evaluated by the
review article. We only modelled interventions that were not
already in place in England or interventions that were in

dementia risk factors, using England as an example. We found
evidence that all population-level interventions to tackle excess
alcohol use, brain injury, air pollution, smoking, obesity, and
hypertension would have large gains in cost-savings and
quality-adjusted life-years (QALYs).

Implications of all the available evidence

The population-level interventions accessed had cost-savings and
QALY benefits. Given the possible increases in dementia incidence
over the next few decades from increased rates of hypertension,
diabetes, and obesity, we need policy-based approaches to tackle
these risk factors without placing the responsibility on individual
behaviour change. The implementation of policy-based
approaches could have benefits that exceed any associated costs
from implementing such policies. The potential benefits could be
greater in low-income and middle-income countries and any
country where population-level interventions, such as smoking
bans and compulsory education, are not already in place.

place but could be extended (eg, increases to existing alcohol
taxation). We used published effect sizes for each inter-
vention to estimate the proportion of people with each risk
factor who would benefit from the intervention. In some
cases, where published effect sizes were not specific enough
for the intervention studied or were relatively dated, we
searched PubMed using search terms for the relevant risk
factor and possible interventions and used studies if they
provided an effect estimate for reduction in the specified
risk factor associated with an intervention. In each case, the
comparator was the current situation in England.

We used previously published population attributable
fractions (PAF) from the Lancet Commission on dementia
prevention, intervention, and care 2020° to derive relative
risks (RRs) for each risk factor (tobacco smoking, excess
alcohol use, hypertension, obesity, air pollution, and head
injury). PAF are a statistical construct used to estimate what
proportion of disease cases would be prevented if a risk factor
was eliminated. Derivation of RRs to account for the com-
munality of risk factors is outlined in the appendix (pp 4-5)
and has been published” All costs are reported in
2021f prices. If costs needed to be converted to UK cur-
rency, we used an online calculator (CCEMG-EPPI-Centre
Cost Converter (1.4) to adjust for population and the
purchasing power parity exchange rate. All data were from
previously published work and no ethical approval was
needed to complete this work.

Data and statistical analysis

Since costing requires using a specific place as the example,
as previously published,® we used England as our setting,
applying risk effects to the adult English population or
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population subgroups where appropriate, as we had good
pre-existing data on risk factor prevalence in this setting.
Risk factor prevalences were used for the time of life to
which the risk applies—eg, as hypertension is considered to
be a risk factor for dementia in mid-life (age 45-64 years),
prevalence is given for all people with hypertension in
mid-life in England.

Where possible, we quantified risk on a continuous scale
(eg, for air pollution, risk was per unit increase in pollution)
and, where this was not possible, we treated risk factors as
binary (ie, a person either has the risk factor or does not). We
assumed intervention effects would apply equally to every-
one and would continue to maintain their effectiveness
throughout the life course.

We measured the benefit of interventions in terms of
QALYs, which are widely used in assessment of health and
social care interventions. One QALY equates to a year of life
in perfect health, thus years of life can be weighted to take
into account quality as well as quantity of life.'® Details of
annual costs of dementia per sector (health care, social care,
and unpaid carer costs), by age group (mid-life [45—64 years]
and later life [>65 years]), and dementia stage and by quality
of life and mortality, were from published sources.'”®
Our general approach to analysis is described in the
appendix (pp 2—4). We calculated cost-savings from reduced
dementia prevalence from November, 2014 cost-of-illness
figures, which were updated to April, 2021, using the
Hospital and Community Health Services pay and prices
index.® Cost-savings or excess costs were considered over
the whole remaining lifetime of those with and without the
risk factor. We established when in the life course each
intervention would be delivered and discounted future
dementia-associated savings back to present value using an
annual discount rate of 3-5%, as recommended by the
UK Treasury.?* All benefits were summed to represent
the lifetime effect for an infinite succession of such age
cohorts using a period life table.? Costs were calculated
over the lifetime of an infinite succession of age
cohorts who would benefit from the policy discounted by
3-5% per year to give the final result with all current and
future cohorts discounted. All estimates were calculated at
net present value.

We used a Markov model previously developed for
assessing the costeffectiveness for disease-modifying
therapies in Alzheimer’s disease (figure; appendix p 3).”
The key input in this model was age-specific incidence of
dementia in England from the Cognitive Function and
Ageing Studies.®» We used the RR from the 2020
Lancet Commission,’ together with published estimates of
risk factor prevalence, and calculated RRs to apply to the
population to represent those with and without each risk
factor (appendix pp 5-6). We considered three stages of
dementia (mild, moderate, and severe), transition rates
between stages, excess mortality rates in moderate and
severe stages, stage-specific costs (including health care,
social services, and unpaid care by family), and stage-
specific QALY levels.”® To account for increases in life
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Inputs

specific QALYs

All-cause mortality rates; age-specific
incidence of dementia; rate of progress
through dementia stages; associated
costs with each state; associated age-

Effect size of intervention
determining prevalence
of risk factor

>

A4

A4

P h h
rogress throug | Population with risk factor

| | Population without risk factor

states of health

NHS, social care, and informal care NHS, social care, and informal care
Outputs K .

costs; QALYs gain cost; QALYs gain

Figure: Inputs, process, and outputs of the Markov model
NHS=UK National Health Service. QALYs=quality-adjusted life-years

expectancy from reductions in risk factors, such as smoking,
we took these reductions in mortality into account and
considered the future risk of dementia during the life-years
gained. We estimated the dementia-specific year-by-year
costs and health status for those with and without the risk
factor and summed these over time. Further details of the
model and annual rates of transition between dementia
stages and death are in the appendix (p 4).

We used age-specific average UK National Health Service
(NHS), social care, and unpaid care costs for dementia.
These costs relate to the English population as a whole and
are, in effect, weighted averages of costs for those with and
without dementia.?* To derive costs for those with dementia,
we used estimates of age-specific prevalence of dementia
from the Cognitive Function and Ageing Studies®
and age-specific costs,”® accounting for changing stage
distribution of dementia with age.

As a sensitivity analysis, we selected the most conservative
estimates for primary analysis where there were variations
in published figures on intervention effect size or other
parameters that could affect our cost and benefit analysis
and modelled alternative options to illustrate the range of
potential benefit. We also created tornado diagrams and
carried out probabilistic sensitivity analyses (presented in
the form of an incremental cost-effectiveness ratio scatter
plot) for each intervention (appendix p 10).

We used TreeAge Pro 2018 (1.0) for all analyses.

Role of the funding source

The funders of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of the
report.

Results

There were relevant interventions for tobacco smoking
(one intervention; increase tobacco pricing), excess
alcohol use (two interventions; minimum unit pricing®
and increasing alcohol price?), obesity (one intervention;
reformulating food to reduce sugar?), hypertension

For more on TreeAge see
https://www.treeage.com/
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(one intervention; reformulating food to reduce salt®),
air pollution (one intervention; implementing low emission
zones [LEZs]?), and head injury (one intervention; com-
pulsory bicycle helmets*). No relevant interventions that
were not already in place in England with sufficient data
were identified for the other risk factors (physical inactivity,
diabetes, depression, social isolation, low educational
attainment, or hearing loss).

RRs for each risk factor, prevalence of risk factors, and
data on mortality are presented in table 1. The results of
interventions in the five areas (alcohol, food, air pollution,
smoking, and traumatic brain injury) are in table 2. Further
details on assumptions and modelling for specific risk
factors are in the appendix (pp 8-9).

Consumption of alcohol at the rate of more than 21 units
per week in mid-life (age 45-64 years) is estimated to
increase the risk of dementia by around 7%.° Following the
2018 imposition of a minimum price of alcohol of £0-5 per
unit in Scotland, alcohol consumption reduced by 1-2 units
per week per adult, with a particular reduction in those in
most deprived areas.” The policy appears to have led to no
cost to the alcohol industry and no statistically significant
change in moderate drinking (only heavy drinking), and
retailers appear to have complied with the policy.”* There
were no estimates of enforcement or monitoring costs of
this policy, so we do not include any in our model. In
England, the proportion of adults aged 45-64 years who
drink >21 units of alcohol per week is 19%.** Introducing a
minimum price per unit of alcohol in England would be
expected to resultin 4767 QALYs gained and a cost-saving of
£280 million.

The effect of a price rise for the minimum price of alcohol
intervention depends on the price elasticity of demand or
how sensitive the quantity demanded is to the price, with
higher numbers indicating greater sensitivity to price. For
example, if a price rise of 10% causes demand to fall by 5%,

the price elasticity would be —0-50. A review of the evidence
by NHS Scotland indicates an elasticity of —0-50 or —0-35 in
people who drink heavily.?* We illustrate a 10% increase in
the price of alcohol with an elasticity of —0-35. We estimated
that the cost-savings in England would be £172 million with
2934 QALYs gained.

Hypertension in mid-life carries an estimated 229 excess
risk of dementia.® The prevalence of hypertension in this
age group (including those treated but not with adequately
controlled hypertension) is estimated at 28%.** Hyperten-
sion also carries a 27% excess risk of mortality. The
2019 Health Survey for England*' has data on the systolic
blood pressure in 1426 people in the age group 45-64 years.
We modelled a reformulation policy to reduce salt content of
food by 1-68 g per day,” which would be expected to reduce
systolic blood pressure by 1-59 mm Hg* leading to a
reduction in the prevalence of hypertension of 5%.3 If the
reformulation policy was introduced, there would be
39433 QALYs gained and cost-savings of f£2-368 billion
(despite people living longer).

Obesity in mid-life carries an estimated 219 excess risk of
dementia.® The prevalence of obesity in the mid-life age
group was 31%.%2 A systematic review has indicated a mean
reduction in bodyweight of 1-04 kg if food products were
reformulated to reduce their sugar content so that daily
consumption falls by 11-2%.” We used data on height and
weight from the Health Survey for England®! for those who
were defined as having obesity (BMI >30kg/m?) in mid-life
to estimate the change in BMI associated with the specified
amount of weight loss and, in turn, estimate those who
would no longer be classed as having obesity following this
weightloss. We estimated that there would be 17 985 QALYs
gained and £1-046 billion cost-savings if this policy was
introduced.

Air pollution in later life (aged >65 years) increases the
risk of dementia.® Interventions to reduce ambient air

Alcohol use Hypertension Obesity Air pollution Smoking Traumatic
brain injury
Mediating risk factor Consuming more than Dietary salt Dietary sugar Road traffic Low smoking cessation  Absence of head protection
21 units of alcohol per week in mid-life
Relative risk of dementia for risk factor 1.07° 1.22° 1-21° 1-03° 1-20° 1-29°

Prevalence of risk factor in key age group 19% (mid-life)** 28% (mid-life)** 31% (mid-life)**

Risk of dementia relative to population mean*

With the risk factor 1060 1148 1135

Without the risk factor 0-987 0-943 0-936

Relative risk of all-cause mortality 1-00 127 118
Risk of mortality relative to population meant

With the risk factor 1.00 1181 0-95%

Without the risk factor 1.00 0-930 0-94§
Benefits per person with risk factor removed

Cost-savings per person (2021 prices) ~ £645 £1884 £1977

Health gain, QALYs 0-011 0-034 0-034

All estimates are net present value. All relative risks for dementia were obtained from the 2020 Lancet Commission for dementia prevention, intervention, and care.” Mid-life includes people ages 45-64 years and later life
includes people ages 65 years and older. QALY=quality-adjusted life-year. *Mean population dementia risk. tMean population mortality. +Obesity grade 1 (BMI 30-34 kg/m?). SOverweight. §IFormer smokers.

75% (later life)* 8% (later life)** 0-16% (mid-life)*®

0-990 1-181 1-290
1-00 0-984 1-00
1-00 141 1-00
1-00 141 1-00
1-00 1-079 1-00
£152 £3581 £2925
0-003 0-052 0-050

Table 1: Risk factor prevalences, relative risks, and mortality
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Implement a
minimum unit price by 10% assuming
of alcohol to match  elasticity of -0-35

Raise price of alcohol Reformulation to
reduce dietary salt

Reformulation to Debar cars of Euro 1 Raise price of
reduce dietary standard from

sugar 73 urban areas

cigarettes by 10% to
increase cessation in

Require children
aged 5-18 years to
wear a helmet when
cycling

the effect seen in currently without mid-life
Scotland low emission zone (40-64 years);
restrictions elasticity of -0-375
Mean reduction 1-2 units per week 0-7 units per week 1-68 g salt per day; 11-2% daily sugar 2 pg/m? nitrous NA
1.59 mm Hg systolic  intake; 0-37 kg/m’ oxides
blood pressure BMI
Reduction in prevalence 10-0% 6-0% 5-0% 2:3% NA 0-3%
of risk factor, %
People aged 45 years 15169 9335 43130 18514 59727 1533
shedding risk, n
Total lifetime benefits in age cohort*
Cost-savings per age £9-8 million £6-0 million £82-9 million £36-6 million £9-1 million £5-5 million
cohort (2021 prices)
Health gain, QALYs 167 103 1380 629 179 797
Benefits summed over indefinite succession of age cohortst
Cost-savings for infinite  £280 million £172 million £2368 million £1046 million £260 million £157 million
succession of cohorts
(2021 prices)
Health gain, QALYs 4767 2934 39433 17985 5119 2277

NA

NA

1088

£3-2 million

54

£91 million

1554

All estimates are net present value. LEZ=low emission zone. NA=not applicable. QALY=quality-adjusted life-year. *Benefit over a lifetime, for each age cohort. tTotal benefits over indefinite succession of cohorts.

Table 2: Policy interventions and their estimated effects

pollution have been studied in a systematic review.” We
illustrate the effects of interventions to reduce ambient air
pollution if England were to adopt LEZs, based on findings
from a study which thoroughly reported on effect sizes of
LEZs on ambient air pollution. The study focused on LEZs
in 17 cities in Germany banning cars of Euro 1 standard
without appropriate retrofitting systems.”? The study
reported a mean reduction of 2 mg/m? in oxides of nitrogen
in LEZs. The populations of the cities in question mainly
exceeded 100 000 people. The LEZ mean coverage of the
urban area was 19% and the coverage of the population was
38%. We applied these data to the 73 cities with a popula-
tion of 100000 or more in England that do not already
impose restrictions.* The total population of the 73 cities
was 15023 552 people, of which the population within the
LEZs would be 5 783 400 people.

A population cohort-based study in Ontario reported a
hazard ratio (HR) of 1.1 for each unit interquartile
range (26-7 mg/m®) increase in NO,.” By interpolation, the
HR of a 2 mg/m?® reduction would be 0-993. We expect
5119 QALYs gained and cost-savings of {260 million.

Smoking in later life carries an estimated 20% excess risk
of dementia. There is evidence that an increase in tobacco
price can enhance the rate of smoking cessation, which
would otherwise not occur.?* In later life, the excess
mortality risk from smoking varies by age. People who
smoked but no longer smoke retain a proportion of this
excess risk.* By applying the prevalence by smoking status®
to the RR by age, we inferred an age-specific risk for
continuing versus discontinuing smoking to apply to the
population mortality rate.

Since few people take up smoking in later life, our calcu-
lations implicitly relate to people who had smoked
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throughout the majority of their life and continued to smoke
into later life. Since older people (aged >65 years) who
smoke are reluctant to quit,* the key group for cessation is
the 45-64 years age group. The prevalence of smoking in
this age group was 15% and 47% of smokers quit between
the ages of 45 and 64 years (3-1% per annum). We assumed
that the effect of a 10% price increase in tobacco and the
lowest published elasticity** of —0-375 would increase the
rate of cessation in this age group to 48-4%, reducing
prevalence from 8-00% to 7-74%. We estimated that the
intervention would result in 2227 QALYs gained and
cost-savings of £157 million.

Traumatic brain injury increases the risk of dementia by
1-29 times compared with those who have not had a brain
injury. The risk from traumatic brain injury in mid-life is for
people who have ever had a traumatic brain injury. There-
fore, reducing traumatic brain injury events in children
would lead to a reduction in those who had a traumatic brain
injury in the key age group for dementia risk. We examined
a policy of compulsory helmet use for cycling by children in
the age group 5-18 years. A cost-effectiveness study from
New Zealand has predicted the effects of cycle helmet
legislation* based on reports of similar policies in Victoria,
Australia,* and Seattle, USA.* We estimated that the effect
in England using the New Zealand study published figures
would have a 10-4 times greater effect in England due to the
larger population in the 5-18 years age group,* meaning
that the annual number of hospital admissions of cyclists
age 5-18 years for serious head injuries would be 2376 in
England without the policy, which would be reduced by
1100 to 1276 people with the policy. 98% of people aged
18 years in the general population survive to age 45 years in
the whole population,? so that the reduction in the number
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of people with traumatic brain injuries at age 45 years would
be 1088 people.

The proportion of the population with traumatic brain
injury caused by cycling accidents between 5 and 18 years is
small; therefore, we considered the risk of dementia without
traumatic brain injury as the population rate. After the first
6 months of the event, there is no excess mortality in trau-
matic brain injury. There is a high RR within the first
6 months,* but we neglected this factor since the mortality
rate in the 5-18 years age group is low. We estimated that
this intervention would lead to £91 million in cost-savings
and 1554 QALYs gained. We calculated the present value
of dementia-related savings at age 45 years, but an alterna-
tive would be to calculate costs and benefits from the age at
which the expenditure occurred, roughly age 11 years.
Discounting at 3-5% per annum from ages 45 years to
11 years would reduce all the benefits by 70%, meaning
£27 million in cost-savings and 466 QALYs gained.

Tornado diagrams and probabilistic sensitivity analyses
found that all interventions delivered lower cost and
increased QALYs in every case (appendix pp 11-17). The
leading influencing variable was the QALY in stage 1 of
dementia and the excess risk of dementia attributed to the
intervention-specific risk factor. Sensitivity analyses using
alternative price elasticity thresholds found that interven-
tion impacts in terms of QALY and cost-savings more than
doubled for interventions tackling smoking (£489 million
and 7105 QALYs) and almost doubled for interventions
addressed at alcohol excess (£272 million and 4645 QALYs;
appendix p 17) compared with the primary analysis.

Discussion

To our knowledge, this study is the first to estimate
dementia-specific costs and benefits of population-based
approaches to tackling dementia risk factors. We used a
lifetime perspective with an infinite time horizon and found
that, without exception, all the population-based inter-
ventions that we examined are cost-saving and have asso-
ciated QALY gains. The size of the benefits is large when
applied to the whole of the eligible English population. We
also show how including dementia in cost-effectiveness
analyses for non-communicable diseases could have
implications when these interventions are evaluated, either
by enhancing estimated benefits or by demonstrating
benefits when calculations omitting dementia would find
no benefit. For example, a cost-effectiveness review of
New Zealand legislation on helmets for cyclists concluded
that the benefit—cost ratio would be favourable at 2-6 in the
5-12 years age group, indicating the benefits (ie, reduction
in the hospital cost of treating cycling accidents and a
willingness-to-pay survey of people’s aversion to a hospital
stay) are 2.6 times the costs of the intervention (including
cost of helmets) but are unfavourable at 0-8 in the
13-18 years age group.*” The net cost in the 13-18 years age
group was NZ$ 200 000 in 2000, equivalent to £1-5 million
in this country in 2021 after adjusting for population and the
purchasing power parity exchange rate. The lifetime

cost-savings associated with the reduction of any traumatic
brain injuries in the 45 years age cohort would be £ 1 million.
Moreover, these cost-savings would accrue to each succes-
sive cohort indefinitely. The value of the cost-savings
discounted at 3-5% per year to age 45 years would be
£28-8 million. However, these cost-savings would have to be
discounted further, by 27 years, to age 18 years, reducing
their value to £11-4 million. Nevertheless, taking account of
the impact on dementia in addition to other health benefits
takes the benefit—cost ratio over unity, even without taking
account of the impact on health-related quality of life, and in
this way tip the scales in favour of the policy for helmet
legislation.

Although there are few publications about population
interventions in dementia, our findings are in line with
studies in other areas. For example, a New Zealand mod-
elling study found that food taxes and subsidies resulted in
health gains and cost-savings and had positive impacts on
health outcomes.* There is also preliminary evidence that
making green spaces and roads accessible and safe
increases physical activity, which, in turn, might reduce
dementia incidence.* Similarly, population dietary
interventions reduce hypertension in low-income and
middle-income countries.*

The strengths of this study include the modelling of the
costs and benefits of population-level interventions in rela-
tion to dementia for the first time, use of interventions with
robust evidence of effectiveness, and the application of well
established RRs with consideration of risk factor commu-
nality as well as published data on dementia progression and
mortality statistics. In addition, we completed a systematic
review to identify population-based interventions to target
dementia risk factors.” However, we acknowledge the
limitations of relying on observational data to estimate RRs
as, while the strength of the evidence is good," causality
cannot be proven. Additionally, we used RRs from inter-
national meta-analyses; however, our analysis is specific
to England and the RRs might differ. Our findings are likely
to be generalisable to similar countries or regions but it
would be advisable to replicate these analyses using
country-specific or region-specific RRs and risk factor
prevalence data.

Wherever possible, we have been conservative in our
estimates. Therefore, the actual benefits of the interventions
might be greater than those presented in this study. Our
sensitivity analyses also showed that all the interventions
decreased dementia-related costs and increased QALYs.
The limitations of our study include the possibility that
interventions might not be as effective as in published
studies or might increase dementia incidence, as hypoth-
esised in a previous modelling study assessing reduced
hypertension and its impact on dementia incidence.”
However, we found the impact on dementia-related costs
with mortality risk as the comparator is to reduce them.
Food reformulation is assumed to affect diet overall in terms
of calorie or salt intake, but it is possible that people could
source other foods and the same reformulation might not
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affect the whole population in the same way. However,
substitution was assessed for in some of the primary studies
and was found not to have occurred.” In many cases, the
costs of interventions were not presented by published
studies and this has been reflected in our analyses.

We acknowledge that debating, creating, and enforcing
legislation takes time and resources. In addition, within the
counterfactual scenario, we did not model changes to the
risk factors from other policies, such as policies to encour-
age use of low emission cars or changes to smoking preva-
lence from other policies. Because of these factors, the costs
might be higher and the benefits lower. Overall, given the
savings, the interventions are still likely to be economically
beneficial. There might be a lagging effect of risk factor
reduction on outcomes, which could impact how quickly
changes in policies have an effect, but we did not include
this in our modelling as we assumed a steady-state model.
Moreover, we also implicitly assumed that the Lancet
Commission’® findings on excess risk associated with each
risk factor apply fully from the age of 45 years or 65 years. We
only considered the effect of these interventions on
dementia, but after including the effect that the inter-
ventions had on mortality if any (from any other causes). We
did not consider the effect (positive or negative) of any
intervention on other outcomes, such as on cardiovascular
disease and stroke, or on overall health. Our approach
means the overall societal benefits are likely to be much
higher than we estimated in this study. Interventions might
have important (although not directly relevant to our study)
potential negative aspects, such as a reduction in the liberty
of an individual. Additionally, we acknowledge that
dementia incidence and mortality rates in the UK might be
changing over time and the estimates we used for incidence
in this study are from 2011. Although a study from the
English Longitudinal Study of Ageing* found an increase in
dementia prevalence from 2008 to 2016, their results had
uncertainty as the study used imputed data;* therefore, we
assumed static rates of dementia so there is a level of
uncertainty in our estimates. We cannot rule out model
misspecification bias, although we used best available esti-
mates for inputs and assumptions. We did not model the
potential cost of the interventions included in our study
(as these were not available) or their impact on other
conditions, such as cardiovascular disease. Therefore, we
cannot comment on the overall impact of the intervention as
we were focused on dementia specifically.

Overall, we have found evidence supporting the use of
population-level approaches to manage dementia risk with
cost-savings and QALYs gains. It is possible that policy
makers are hesitant to put these interventions into place
given the long lead time before the benefits of cognitive
decline could be expected. However, given the effect of these
interventions on vascular or brain health in general, benefits
in terms of other non-communicable diseases would be
expected sooner. Our analysis further strengthens the
argument for implementation of effective population-level
policies as soon as practicably possible.
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