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Dementia is a syndrome of cognitive and functional impairment. Although age remains the primary risk
factor, several other diverse risk factors have been linked with dementia, including genetic factors such
as the presence of the ApoE4 allele, and lifestyle factors including smoking and exercise. With ever-
ageing populations, interventions that offer some prospect of dementia prevention are being
scrutinized. A critical issue is how the genetic and lifestyle factors interact; that is whether the genetic
risk for dementia be modified by a healthy lifestyle In this issue, Licher et al find that modifiable lifestyle
risk factors were only able to reduce dementia risk in people with low genetic risk. This is in contrast to
previous studies which have shown that lifestyle is able to mitigate the effects of genetic risk on the
development of dementia.

Licher et al carry out a large, population-based cohort of over 6300 people aged 55+ in Rotterdam, in
which they examined dementia incidence over 15 years. Participants were 69 years old on average,
mostly women (56.2%), 27.5% had high genetic risk, the majority were classified as having a favorable
lifestyle profile (65.3%), and 14.4% (n=915) developed dementia in the follow-up period. The modifiable
factors that the authors examined included regular physical activity, healthy diet adherence, avoiding
social isolation, not smoking, and being free from diabetes or depression and were graded as being of
either low, intermediate or high risk. Genetic risk, estimated from ApoE allelic variation and a polygenic
risk score with 27 other genetic variants, was graded likewise. The authors key finding is that modifiable
lifestyle risk factors were only able to reduce dementia risk in people who did not have an ApoE4 allele
and hence were at lower genetic risk.

The Licher et al study findings contrast with those from another large, population-based study using
data from the UK Biobank including 196,383 individuals (2). Healthy lifestyle was quantified similarly to
the Rotterdam study (a self-report composite of smoking status, alcohol consumption, dietary patters,
and physical activity). In the UK Biobank, the polygenic risk score (an index of several different genes
that were associated with dementia) included more genetic variants, and was analyzed differently
(though this may limit generalizability). Neither study is a clinical trial, but in contrast to the Rotterdam
study, UK Biobank suggests that the genetic and lifestyle associations are independent and additive.
That is, modifiable lifestyle factors impacted dementia risk regardless of genetic risk (Figure 1).

Both Rotterdam and UK Biobank are careful, expensive, established, prospective studies meant to better
understand adult disease. They differ in sample size and the proportion of incident cases. Of 6352
studied in Rotterdam, 14.4.% had developed dementia at 15 year follow-up (median 14.1 years),
whereas only 0.9% of the UK Biobank’s sample of 196,383 developed dementia at a median of 8.0
years). Not by coincidence, the studies also differ in how cases were ascertained. Rotterdam is
population-representative, and employs for-purpose, research-grade diagnoses. This is a considerable
undertaking. UK Biobank is costly too, but has focused its larger budget on a much larger sample size,
with investment in ‘omics profiling, and with disease defined through linkage to health care records.
Both studies confirm that ApoE4 (and to some extent, high polygenic risk scores) do indeed increase the
risk of dementia. The studies differ in how both the polygenic risk scores and mitigating factors were
measured, and in samples size, case ascertainment, and diagnostic tools. They will inform meta-
analyses, which presumably are already under way, and likely to include other recent studies that
support an impact of lifestyle factors that are somewhat robust to genetic risk (3,4).

Meta-analysis of these and other observational studies is one way to better understand whether genetic
risk for dementia can be modified by a healthy lifestyle. Clinical trials are another, but despite their high
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standing in the evidence hierarchy, in practice they often exclude people most at risk [AU: is this
particularly true in dementia?](5). The Rotterdam and UK Biobank studies tell us that however we
proceed, we must better understand outcomes in those most at risk - and not just using genetic factors.
We might begin by recognizing that ageing is essential, rather than incidental, to dementia disease
expression. This obliges a focus on people living with frailty — who most often are not just excluded in
dementia trials but also at higher risk. For example, a frailty index of age-related health deficits was
associated with increased rates of dementia, even with known dementia risk factors as covariates (6),
and moderated the expression of neuropathological lesions associated with late-life Alzheimer disease
(7). Might frailty also moderate the relationship between genetic risks and dementia expression? If so,
further questions will need to be addressed. Is the effect of frailty on the relationship between genes
and dementia intrinsic or indifferent to overall health? Does a healthy lifestyle reduce the clinical
expression of neuropathology in the face of many age-related deficits?

Another approach is to understand how dementia arises. For many people, dementia is related to the
dynamic changes in cognition seen as they develop and recover from acute illness. Estimates suggest
that acute encephalopathy, or delirium - is associated with an increased risk of dementia (8). In this
condition older adults that are too frail are at a greater risk than less frail adults (9). As a consequence,
older adults who develop delirium may represent an ideal target group both for natural history studies
and large clinical trials. We know that not everyone who has delirium recovers (10). As with age-related
health deficits, delirium impacts how the neuropathological lesions of dementia are expressed (11). Less
well appreciated is that although some with delirium develop dementia others improve with persisting
cognitive impairment that does not meet dementia criteria (8). In short, “prevented dementia” might
not be the same as having no cognitive impairment, whether or not such impairment meets dementia
criteria. Further, we still do not know whether individuals with delirium that do not recover would
otherwise have developed dementia or if that disease is a separate entity. If the latter, it will require
new biomarkers, including neuropathological ones. Given how common dementia is soon forecast to be
(12), and how much we will need not to miss means of at least reducing its impact, this is one example
where the need for deep phenotyping will be both acute and severe.

Reducing the extent of disease expression in people prone to develop dementia in late life is a tricky
business. Studies that investigate whether dementia can be prevented at all such as that here, and then
whether it can be prevented in those at greatest risk, can be commended for their clear-eyed approach.
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Figure legend: A representation of the Rotterdam study sample (n=4153) who had the most favorable
lifestyle risk profile, stratified by genetic risk. Each person represents 100 participants. The red persons
indicate the proportion of the total sample with dementia.

[AU: since it might not be a complete direct equivalency to compare the two studies here, |
recommend that only the Rotterdam study is included in the figure]
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