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F IGURE 1 Prevalence of Aβ-positive AD across the Alzheimer’s
continuum, estimated by age, sex, and stage (whiskers indicate
uncertainty ranges). Data were derived from various
studies1,10,30,34,35 assuming 70% of general dementia have a clinical
AD diagnosis (60% to 80% in uncertainty range). Data were
unavailable for estimating the prevalence of prodromal AD in ages
below 60, and insufficient for considering separate estimates on the
prevalence of prodromal AD for men andwomen. Aβ, amyloid beta;
AD, Alzheimer’s disease

F IGURE 2 Estimated number of persons with Aβ-positive AD
across the AD continuum, estimated by age, sex, and stage (whiskers
indicate uncertainty ranges). Derived from Figure 1 combinedwith
world population sizes (https://population.un.org/wpp/DataQuery/).
Aβ, amyloid beta; AD, Alzheimer’s disease

persons worldwide, ranging between 327 and 525 million (Figure S5.1

and Table S4.5 in supporting information).Women are somewhat over-

represented, especially in advanced ages and with advanced disease

stages, constituting 54% overall (Figure 2).

3.3 Subgroups

Thenumber of personswith prodromalADandmildADdementiawere

estimated at 87 million, of which 59% were women (Table S4.3 in sup-

porting information).
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Globale AD-Kontinuum-Prävalenz:
416 Millionen

• Alzheimer-Demenz: 32 Millionen
• Alzheimer-Prodromalstadien: 69 Millionen
• Alzheimer-präklinisch: 315 Millionen



Demenz-Prävention  | Modifizierbare Risikofaktoren

Livingston et al. Lancet. 2024 Aug 10;404(10452):572-628

1. Wenig Bildung

2. Hörstörungen
3. Sehstörungen

4. Rauchen
5. Arterielle Hypertonie
6. Diabetes mellitus
7. Adipositas
8. Erhöhtes LDL-Cholesterin

9. Alkohol (≥21 UK units)
10. Schädel-Hirn-Trauma
11. Luftverschmutzung

12. Depressionen

13. Soziale Isolation
14. Körperliche Inaktivität

xx. – yy. Schlaf, Ernährung, Infektionen, ...
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Executive summary 
The 2024 update of the Lancet Commission on dementia 
provides new hopeful evidence about dementia 
prevention, intervention, and care. As people live longer, 
the number of people who live with dementia continues 
to rise, even as the age-specific incidence decreases in 
high-income countries, emphasising the need to identify 
and implement prevention approaches. We have 
summarised the new research since the 2020 report of 
the Lancet Commission on dementia, prioritising 
systematic reviews and meta-analyses and triangulating 
findings from different studies showing how cognitive 
and physical reserve develop across the life course and 
how reducing vascular damage (eg, by reducing smoking 
and treating high blood pressure) is likely to have 
contributed to a reduction in age-related dementia 
incidence. Evidence is increasing and is now stronger 
than before that tackling the many risk factors for 
dementia that we modelled previously (ie, less education, 
hearing loss, hypertension, smoking, obesity, depression, 
physical inactivity, diabetes, excessive alcohol 
consumption [ie, >21 UK units, equivalent to 
>12 US units], traumatic brain injury [TBI], air pollution, 
and social isolation) reduces the risk of developing 
dementia. In this report, we add the new compelling 
evidence that untreated vision loss and high LDL 
cholesterol are risk factors for dementia.

We have completed new meta-analyses of the risk of 
hearing loss and depression for future dementia and 
reviewed and used the most recent literature on 
worldwide risk and prevalences of all risk factors to 
calculate new population attributable fractions for all 
risks. We have used the population attributable fractions 
to generate a new comprehensive life-course perspective 
of dementia prevention incorporating these 14 risk 
factors. The potential for prevention is high and, overall, 
nearly half of dementias could theoretically be prevented 
by eliminating these 14 risk factors. These findings 
provide hope. Although change is difficult and some 
associations might be only partly causal, our new 
evidence synthesis shows how individuals can reduce 
their dementia risk and we discuss how policy 
interventions might improve dementia prevention. 
There is more potential for reduction in risk in low-
income and middle-income countries and among 
minoritised and lower socioeconomic groups, for which 
new evidence shows that there is often a higher burden 
of modifiable risk than for higher-income countries and 

majority populations within them, so dementia is more 
likely to develop at an earlier age.

Evidence for specific risk factors suggests that all 
children should be educated, and a long duration of 
education is beneficial. It is important to be cognitively, 
physically, and socially active in midlife (ie, aged 
18–65 years) and late life (ie, aged >65 years), with novel 
evidence showing that midlife cognitive activity makes a 
difference even in people who received little education. 
The evidence that treating hearing loss decreases the 
risk of dementia is now stronger than when our 
previous Commission report was published. Use of 
hearing aids appears to be particularly effective in 
people with hearing loss and additional risk factors for 
dementia. New evidence also suggests that treating 
depression and smoking cessation might both reduce 
dementia risk.

We report the new finding that reducing air pollution is 
linked with improved cognition and a reduction in 
dementia risk. Policy makers should implement 
strategies to improve air quality, particularly in areas 
with high air pollution. TBI, at any age and from any 
source, continues to be a risk factor for dementia, and 
new and improved evidence suggests that contact sports 
pose a risk. This evidence suggests that protection from 
head injury, such as by use of appropriate head protection 
equipment, reducing high-impact collisions and heading 
practice in sports training, and avoiding playing sports 
immediately after TBI, should be an individual and 
public health priority.

New evidence suggests that reducing the risk of 
dementia increases the number of healthy years of life and 
compresses the duration of ill health for people who 
develop dementia. Prevention approaches should aim to 
decrease risk factor levels early (ie, the earlier, the better) 
and keep them low throughout life (ie, the longer, the 
better). Although addressing risk factors at an early stage 
of life is desirable, there is also benefit from tackling risk 
throughout life; it is never too early or too late to reduce 
dementia risk. Much of the evidence suggests that midlife 
interventions are important, but some risk factors have 
their origins at societal levels and across the life course. All 
of the risk factors covered in this report have the potential 
for risk reduction at scale through policy changes that 
could affect risk across the life course. Additional evidence 
suggests that these changes are often cost saving and, for 
the first time, it is clear that risk can be modified even in 
people with increased genetic risk of dementia.
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Executive summary 
The 2024 update of the Lancet Commission on dementia 
provides new hopeful evidence about dementia 
prevention, intervention, and care. As people live longer, 
the number of people who live with dementia continues 
to rise, even as the age-specific incidence decreases in 
high-income countries, emphasising the need to identify 
and implement prevention approaches. We have 
summarised the new research since the 2020 report of 
the Lancet Commission on dementia, prioritising 
systematic reviews and meta-analyses and triangulating 
findings from different studies showing how cognitive 
and physical reserve develop across the life course and 
how reducing vascular damage (eg, by reducing smoking 
and treating high blood pressure) is likely to have 
contributed to a reduction in age-related dementia 
incidence. Evidence is increasing and is now stronger 
than before that tackling the many risk factors for 
dementia that we modelled previously (ie, less education, 
hearing loss, hypertension, smoking, obesity, depression, 
physical inactivity, diabetes, excessive alcohol 
consumption [ie, >21 UK units, equivalent to 
>12 US units], traumatic brain injury [TBI], air pollution, 
and social isolation) reduces the risk of developing 
dementia. In this report, we add the new compelling 
evidence that untreated vision loss and high LDL 
cholesterol are risk factors for dementia.

We have completed new meta-analyses of the risk of 
hearing loss and depression for future dementia and 
reviewed and used the most recent literature on 
worldwide risk and prevalences of all risk factors to 
calculate new population attributable fractions for all 
risks. We have used the population attributable fractions 
to generate a new comprehensive life-course perspective 
of dementia prevention incorporating these 14 risk 
factors. The potential for prevention is high and, overall, 
nearly half of dementias could theoretically be prevented 
by eliminating these 14 risk factors. These findings 
provide hope. Although change is difficult and some 
associations might be only partly causal, our new 
evidence synthesis shows how individuals can reduce 
their dementia risk and we discuss how policy 
interventions might improve dementia prevention. 
There is more potential for reduction in risk in low-
income and middle-income countries and among 
minoritised and lower socioeconomic groups, for which 
new evidence shows that there is often a higher burden 
of modifiable risk than for higher-income countries and 

majority populations within them, so dementia is more 
likely to develop at an earlier age.

Evidence for specific risk factors suggests that all 
children should be educated, and a long duration of 
education is beneficial. It is important to be cognitively, 
physically, and socially active in midlife (ie, aged 
18–65 years) and late life (ie, aged >65 years), with novel 
evidence showing that midlife cognitive activity makes a 
difference even in people who received little education. 
The evidence that treating hearing loss decreases the 
risk of dementia is now stronger than when our 
previous Commission report was published. Use of 
hearing aids appears to be particularly effective in 
people with hearing loss and additional risk factors for 
dementia. New evidence also suggests that treating 
depression and smoking cessation might both reduce 
dementia risk.

We report the new finding that reducing air pollution is 
linked with improved cognition and a reduction in 
dementia risk. Policy makers should implement 
strategies to improve air quality, particularly in areas 
with high air pollution. TBI, at any age and from any 
source, continues to be a risk factor for dementia, and 
new and improved evidence suggests that contact sports 
pose a risk. This evidence suggests that protection from 
head injury, such as by use of appropriate head protection 
equipment, reducing high-impact collisions and heading 
practice in sports training, and avoiding playing sports 
immediately after TBI, should be an individual and 
public health priority.

New evidence suggests that reducing the risk of 
dementia increases the number of healthy years of life and 
compresses the duration of ill health for people who 
develop dementia. Prevention approaches should aim to 
decrease risk factor levels early (ie, the earlier, the better) 
and keep them low throughout life (ie, the longer, the 
better). Although addressing risk factors at an early stage 
of life is desirable, there is also benefit from tackling risk 
throughout life; it is never too early or too late to reduce 
dementia risk. Much of the evidence suggests that midlife 
interventions are important, but some risk factors have 
their origins at societal levels and across the life course. All 
of the risk factors covered in this report have the potential 
for risk reduction at scale through policy changes that 
could affect risk across the life course. Additional evidence 
suggests that these changes are often cost saving and, for 
the first time, it is clear that risk can be modified even in 
people with increased genetic risk of dementia.



Körperliche Aktivität

Yau et al. Nat Med . 2025 Nov 3.  doi: 10.1038/s41591-025-03955-6

Nature Medicine

nature medicine

https://doi.org/10.1038/s41591-025-03955-6Article

Physical activity as a modifiable risk factor in 
preclinical Alzheimer’s disease
 

Wai-Ying Wendy Yau    1,2  , Dylan R. Kirn1, Jennifer S. Rabin    3,4,5, 
Michael J. Properzi1, Aaron P. Schultz1,2, Zahra Shirzadi1,2, Kailee Palmgren1, 
Paola Matos1, Courtney Maa1, Jeremy J. Pruzin6, Stephanie A. Schultz    1,2, 
Rachel F. Buckley    1,2,7, Dorene M. Rentz1,2, Keith A. Johnson1,2,8, 
Reisa A. Sperling    1,2 & Jasmeer P. Chhatwal    1,2 

Physical inactivity is a recognized modi!able risk factor for Alzheimer’s 
disease (AD), yet its relationship with progression of AD pathology in humans 
remains unclear, limiting the e"ective translation into prevention trials. 
Using pedometer-measured step counts in cognitively unimpaired older 
adults, we demonstrated an association between higher physical activity 
and slower cognitive and functional decline in individuals with elevated 
baseline amyloid. Importantly, this bene!cial association was not related to 
lower amyloid burden at baseline or longitudinally. Instead, higher physical 
activity was associated with slower amyloid-related inferior temporal tau 
accumulation, which signi!cantly mediated the association with slower 
cognitive decline. Dose–response analyses further revealed a curvilinear 
relationship, where the associations with slower tau accumulation and 
cognitive decline reached a plateau at a moderate level of physical activity 
(5,001–7,500 steps per day), potentially o"ering a more approachable goal 
for older sedentary individuals. Collectively, our !ndings support targeting 
physical inactivity as an intervention to modify the trajectory of preclinical 
AD in future prevention trials, and further suggest that preferentially 
enrolling sedentary individuals with elevated amyloid may maximize the 
likelihood of demonstrating a protective e"ect of physical activity on tau 
accumulation and cognitive and functional decline in early AD.

It is estimated that nearly half of AD cases worldwide are attributable to 
modifiable risk factors1–3. Physical inactivity, in particular, plays a promi-
nent role in the USA and Europe1,2. Although animal studies support a 
benefit of physical activity on AD progression4,5, important knowledge 
gaps remain in human literature, limiting the effective translation into AD 
prevention trials. Most existing observational studies rely on self-reported 
physical activity6–12, which is prone to recall bias and misreporting, espe-
cially in populations with or at risk for cognitive impairment. In addition, 

most studies focused on the clinical syndrome of AD7,9,12–14, with few 
directly examining core AD biomarkers15–21, and even fewer have done so 
longitudinally22,23. A clearer understanding of how objectively measured 
physical activity is associated with the progression of AD neuropathology 
is essential, particularly during the preclinical period, when there is likely 
the greatest potential to modify disease trajectory.

With the increasing popularity of digital wearables, daily step count 
has become an easily accessible and understood measure of physical 
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Fig. 1 | Lower baseline physical activity was associated with faster progression in tau levels and 
cognitive and functional decline. a, Associations between physical activity and baseline Aβ levels with tau 
accumulation (measured by PET), cognition (Preclinical Alzheimer’s Cognitive Composite-5 (PACC5) score) 
and function (Clinical Dementia Rating Sum of Boxes (CDR-SOB) score) over time. PVC, partial volume 
corrected; SUVR, standardized uptake value ratio. b, Increasing levels of physical activity were associated 
with slower amyloid-related changes in tau and cognition, with comparable rates in moderately active and 
active individuals. © 2025, Yau, W.-Y. W. et al., CC BY-NC-ND 4.0.

EXPERT OPINION

“Yau et al. report that temporal tau 
accumulation fully mediates the benefits  
of physical activity on cognition. In 
leveraging a cohort study, they had the 
advantage of objective measurements of 
steps using a pedometer and longitudinal 

Aβ and tau PET scans as well as annual 
cognitive assessments for up to 14 years.”  
Henry Brodaty, Centre for Healthy Brain 
Ageing, University of New South Wales, 
Sydney, Australia.

BEHIND THE PAPER

This study embodies over 15 years of effort 
from the HABS study team. The advent of 
in vivo Aβ imaging with the 11C-Pittsburgh 
compound B tracer was a game-changer 
for the field, enabling the detection of 
individuals at the earliest stages of AD. 
HABS was established in 2010 to identify 
early Aβ-related brain dysfunction and 
cognitive decline, as well as to investigate 
other processes that contribute to cognitive 
aging. It has grown into a rich longitudinal 
cohort with neuroimaging (expanded to 
include tau PET); fluid biomarkers; and 

detailed clinical, behavioral, and cognitive 
measures. This detailed characterization 
has enabled us to begin to unravel the 
heterogeneity of AD progression and to 
identify modifiable factors, such as physical 
activity, that influence resistance to tau 
pathology and cognitive resilience in 
preclinical AD. We are deeply grateful for 
the dedication of the HABS team and the 
remarkable commitment of our participants, 
without whom this study would not have 
been possible. W.-Y.W.Y. & J.C.

FROM THE EDITOR

“The findings of this study are important 
because they show that even a moderate 
level of physical activity, around 5,001–7,500 
steps per day, slows the progression of tau 
pathology and cognitive decline in older 
adults without cognitive impairment.” 
Editorial Team, Nature Medicine.
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mediated through heterologous adaptive immunity or trained innate 
immunity). In this section, we present evidence to examine each of 
these mechanisms.

Changes in healthcare after shingles
Reduced healthcare use resulting averted shingles episodes from zoster 
vaccination receipt could have translated to fewer opportunities for 
the health system to (1) diagnose dementia (ascertainment bias); or  
(2) implement care changes (for example, initiation of a new medica-
tion) that increase the risk of being diagnosed with dementia in the 
future. It is important to point out that this mechanism is unlikely to 
fully explain our findings, because the size of our effect estimates for 
reductions in shingles episodes from zoster vaccination were consid-
erably too small to plausibly account for the observed reduction in 
dementia diagnoses.

We nonetheless conducted five types of analysis to examine this 
potential mechanism further. First, if shingles episodes presented an 
opportunity for the health system to diagnose dementia, then they 
would probably also present an opportunity to diagnose other chronic 
conditions. We therefore applied the same regression discontinuity 
approach as for shingles and dementia to all chronic conditions that 
are either among the ten leading causes of disability-adjusted life years 
and mortality for the age group 70+ years in Wales in 201933 or part of 
the Charlson Comorbidity Index34. We plotted our estimates across 
one-year increments in the follow-up period. With the exception of 
rheumatological diseases, we show that being eligible for the zoster vac-
cine did not have an effect on new chronic disease diagnoses (Supple-
mentary Fig. 19). Second, we adjusted our regressions for the frequency 
of health service use (the number of primary care visits, outpatient 
visits, hospital admissions and influenza vaccinations received) dur-
ing the follow-up period, which did not substantially change our effect 
estimates (Supplementary Table 2 (column 4)). Third, we implemented 

our analyses when restricting the analysis cohort to the 247,784 (87.6% 
of the analysis cohort for our primary analyses) patients who visited 
their primary care provider at least once a year during each of the 5 years 
before the start of the zoster vaccine rollout. The rationale for this 
analysis is that, among patients who already interact frequently with 
the health system, a reduction of one further contact with the health 
system due to an averted shingles episode is less likely to affect the prob-
ability of detecting undiagnosed dementia. The effect sizes among this 
cohort of frequent healthcare users remain similar to those in our pri-
mary analytical cohort (Supplementary Table 2 (column 3)). Fourth, we 
added whether individuals experienced a shingles episode during the 
follow-up period as a covariate in our primary regression discontinuity 
analysis. We found that adjusting our analysis for shingles episodes did 
not substantially change our point estimate (Supplementary Fig. 20). 
Fifth, we implemented an event study among those participants in the 
mean-squared-error (MSE)-optimal bandwidth of our primary regres-
sion discontinuity analysis for dementia who received a shingles diag-
nosis during the follow-up period. To investigate whether episodes of 
shingles led to changes in healthcare received by patients, we examined 
the effect of the shingles diagnosis on the following outcomes in each 
of the 36 months after the diagnosis: (1) the probability of receiving a 
new dementia diagnosis; (2) a set of indicators of health service use;  
(3) the probability of receiving a new medication prescription for anti-
viral drugs, opioid medications, gabapentin or pregabalin, and any of 
216 medications that were associated with an increased risk of dementia 
in another analysis in the SAIL database23; and (4) the probability of 
being diagnosed with any of the chronic conditions that are part of 
the Charlson Comorbidity Index34. We found that shingles diagnoses 
did not increase the probability of receiving a new dementia diagnosis 
in the months after the shingles diagnosis, and led to only short-term 
increases in healthcare service use and new medication prescriptions 
(Supplementary Fig. 21). The increase in the probability of receiving a 
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Fig. 3 | The effect of the zoster vaccine on new diagnoses of dementia.  
a–c, Effect estimates of being eligible for (a), and having received (across 
different follow-up periods (b) and across different grace periods (c)), the zoster 
vaccine on new diagnoses of dementia. For a, the MSE-optimal bandwidth is 
134.4 weeks (83,167 adults). The grey dots show the mean value for each 10-week 
increment in week of birth. The grey shading of the dots is proportionate to  
the weight that observations from this 10-week increment received in the 

analysis. For b and c, the MSE-optimal bandwidth for our primary specification 
is 90.6 weeks (56,098 adults). The triangles (rather than points) depict our 
primary specification. The red (as opposed to white) fillings denote statistical 
significance (P < 0.05). Grace periods refer to time periods since the index date 
after which the follow-up time is considered to begin. The grey vertical bars show 
the 95% CIs around the point estimate of the regression coefficient (two-sided  
t tests).

Nature | Vol 641 | 8 May 2025 | 443

Postherpetic neuralgia

Shingles

Dementia

–0.6 (–1.4 to  0.1)

–0.7 (–1.3 to –0.1)

–2.3 (–3.9 to –0.5)

–2.7 (–4.3 to –1.1)

–3.1 (–5.8 to –0.4)

–3.5 (–7.1 to –0.6)

0.106

0.029

0.011

<0.01

0.024

0.019

Effect size, 95% CI
(percentage points) P

Beneficial Harmful← →

Effect size, 95% CI
(percentage points)

–5 0 5

Model
Difference-in-differences
instrumental variable
Regression discontinuity

Fig. 4 | Comparison of effect estimates between the DID-IV and regression 
discontinuity approach. Comparison of absolute effect estimates of having 
received the zoster vaccine on new diagnoses of dementia, shingles and 
postherpetic neuralgia between the DID-IV and the regression discontinuity 
analyses. The data source for this analysis was the SAIL database for Wales.  

The sample size for the dementia outcome is 96,767 adults and the sample for 
the shingles and postherpetic neuralgia outcomes is 105,258 adults. P values 
were calculated using two-sided t-tests. The P value for the DID-IV effect on 
shingles is 0.001. The error bars depict the 95% CIs around the point estimate  
of the regression coefficient (two-sided t-tests).

gabapentin or pregabalin prescription in the months after the shingles 
episode, while more sustained, was small in magnitude. Similarly, the 
increase in the probability of being diagnosed with any chronic condi-
tion in the month of a shingles episode compared with the month before 
the episode was less than one percentage point (Supplementary Fig. 21).

As the effect of zoster vaccination on shingles episodes is moderate 
(Fig. 2), and the five types of analysis in this section document only small 
and short-lived effects of shingles episodes on healthcare pathways, 
even the most conservative assumptions about the effect of these care 
paths on dementia imply that changes in healthcare as a result of a 
shingles episode cannot explain our findings.

Reduction in reactivations of VZV
As described in the previous section, adjusting our regression disconti-
nuity analysis for whether a patient had a record of at least one shingles 
episode during the follow-up period did not change our point estimate 
substantially (Supplementary Fig. 20). However, conclusions from this 
analysis regarding reductions in VZV reactivations as the effect mecha-
nism are limited by the fact that (1) zoster vaccination probably reduces 
both clinical as well as subclinical reactivations of VZV30,35; and (2) hav-
ing a shingles episode may be an unreliable indicator of the degree of 
subclinical VZV reactivations experienced during the entire follow-up 
period, given that shingles episodes may boost immunity for VZV30,35. 
We therefore conducted the following analyses to further examine 
reductions in VZV reactivations as the effect mechanism.

First, we examined the time during the follow-up period at which the 
effect of zoster vaccination on dementia appears to begin. Specifically, 
among patients who were born in close proximity to the 2 September 
1933 date-of-birth threshold, we plotted the Kaplan–Meier and cumula-
tive incidence curves for dementia for those who were eligible versus 
ineligible for zoster vaccination (Methods). If the effect mechanism 
is through a reduction in VZV reactivations, then one would expect 
that the effects of the vaccine on reductions in clinical and subclinical 
reactivations of the virus would begin before observing an effect on 
dementia. The live-attenuated zoster vaccine is thought to begin being 
efficacious within weeks after vaccine administration30,36. Consistent 
with the principle that the effect on VZV reactivations should precede 
the dementia effect, we observe that the reduction in the incidence of 
dementia begins to emerge only after more than one year, both among 
the full population as well as among women only (Supplementary 
Fig. 22).

Second, while a shingles episode may boost VZV immunity and, there-
fore, reduce subsequent subclinical VZV reactivations30,35, individu-
als who experience multiple episodes as opposed to a single shingles 
episode during the follow-up period probably experience a greater 

degree of both clinical and subclinical VZV reactivations during the 
follow-up period30. Using propensity score matching (Methods), we 
therefore compared the association with dementia from experiencing 
multiple versus a single shingles episode. We find a higher incidence of 
dementia among those who experienced multiple shingles episodes 
(Supplementary Fig. 23).

Third, if VZV reactivations increase the risk of dementia, then limiting 
the degree of replication of the virus during a shingles episode through 
antiviral medication could be expected to decrease dementia incidence. 
Using a multivariable Cox proportional hazards model (Methods), we 
therefore compared the association with dementia between individuals 
whose shingles episode was treated with antiviral medication and those 
for whom the episode was untreated. We find that antiviral treatment of 
a shingles episode is associated with a reduced incidence of dementia 
(Supplementary Fig. 23).

VZV-independent immunomodulatory effect
To probe this mechanism, we take advantage of two observations on 
pathogen-independent immunomodulatory effects from vaccination in 
the literature: they tend to (1) vary strongly by sex, with beneficial effects 
from live-attenuated vaccination often seen only in female but not male 
individuals6–8; and (2) depend on the receipt of other vaccines before, 
or at the same time as, receipt of the vaccine in question6–8. Consistent 
with these observations, we find that the effect of zoster vaccination 
on new diagnoses of dementia was markedly greater among women 
than men (Fig. 5 and Supplementary Table 3 (column 1)). There was no 
significant difference between women and men in the effect of the zos-
ter vaccine on diagnoses of shingles and postherpetic neuralgia (Sup-
plementary Table 3 (columns 2 and 3)). Similarly, the magnitude of the 
abrupt increase in vaccine uptake at the 2 September 1933 date-of-birth 
eligibility threshold was comparable between women and men (Sup-
plementary Fig. 24), with a slightly larger magnitude among men.

We also find strong effect heterogeneity by receipt of previous influ-
enza vaccination. Specifically, the protective effect of zoster vaccina-
tion for dementia was larger among those who did not recently receive 
the influenza vaccine (Supplementary Fig. 25). Influenza vaccination is 
the only vaccine that was provided within the 5 years preceding zoster 
vaccination eligibility to a substantial proportion of individuals in our 
study population (pneumococcal vaccination is already provided at 
age 65 years in the United Kingdom37).

Finally, we examined the differences in the effect of the zoster vaccine 
on dementia incidence between those with versus without an autoim-
mune or allergic condition. Our reasoning for this analysis was based 
on the observation that the incidence of shingles is increased among 
individuals with an autoimmune or allergic condition38–41, while there 
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Neurotropic herpesviruses may be implicated in the development of dementia1–5. 
Moreover, vaccines may have important o!-target immunological e!ects6–9. Here  
we aim to determine the e!ect of live-attenuated herpes zoster vaccination on the 
occurrence of dementia diagnoses. To provide causal as opposed to correlational 
evidence, we take advantage of the fact that, in Wales, eligibility for the zoster vaccine 
was determined on the basis of an individual’s exact date of birth. Those born before  
2 September 1933 were ineligible and remained ineligible for life, whereas those born 
on or after 2 September 1933 were eligible for at least 1 year to receive the vaccine. 
Using large-scale electronic health record data, we "rst show that the percentage  
of adults who received the vaccine increased from 0.01% among patients who were 
merely 1 week too old to be eligible, to 47.2% among those who were just 1 week 
younger. Apart from this large di!erence in the probability of ever receiving the  
zoster vaccine, individuals born just 1 week before 2 September 1933 are unlikely to 
di!er systematically from those born 1 week later. Using these comparison groups in  
a regression discontinuity design, we show that receiving the zoster vaccine reduced 
the probability of a new dementia diagnosis over a follow-up period of 7 years by 3.5 
percentage points (95% con"dence interval (CI) = 0.6–7.1, P = 0.019), corresponding 
to a 20.0% (95% CI = 6.5–33.4) relative reduction. This protective e!ect was stronger 
among women than men. We successfully con"rm our "ndings in a di!erent population 
(England and Wales’s combined population), with a di!erent type of data (death 
certi"cates) and using an outcome (deaths with dementia as primary cause) that  
is closely related to dementia, but less reliant on a timely diagnosis of dementia  
by the healthcare system10. Through the use of a unique natural experiment, this 
study provides evidence of a dementia-preventing or dementia-delaying e!ect from 
zoster vaccination that is less vulnerable to confounding and bias than the existing 
associational evidence.

Recently, evidence has grown that neurotropic herpesviruses may have 
a role in the pathogenesis of dementia1–5. One approach to targeting 
herpesviruses is vaccination. However, vaccines are also increasingly 
being recognized as eliciting a broader immune response that can have 
important off-target effects, particularly in the case of live-attenuated 
vaccines6–9. Such effects have frequently been observed to differ 
strongly by sex7.

To date, studies in cohort and electronic health record data on the 
effect of vaccination receipt on dementia have simply compared the 
occurrence of dementia among those who received a given vaccination 
and those who did not11. These studies have to assume that all char-
acteristics that are different between those who are vaccinated and 
those who are not (and that are also related to dementia) have been 

sufficiently well measured and modelled in the analysis, such that no 
factors confound the relationship between vaccination receipt and 
dementia12. This assumption of no confounding bias is often implausi-
ble because it has to be assumed that the study has detailed data on fac-
tors that are difficult to measure, such as personal motivation or health 
literacy13. It is also an assumption that cannot be empirically verified.

We used a fundamentally different approach that takes advantage of 
the fact that, in Wales, starting on 1 September 2013, those born on or 
after 2 September 1933 were eligible for herpes zoster vaccination for 
at least 1 year, while those born earlier never became eligible14. Using 
detailed large-scale electronic health record data, we were able to 
compare adults who were ineligible for the vaccine because they were 
born immediately before the eligibility cut-off date with those born 
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Herpes Zoster Vaccination and Dementia Occurrence
Michael Pomirchy, PhD; Christian Bommer, PhD; Fabienne Pradella, PhD; Felix Michalik, MS; Ruth Peters, PhD; Pascal Geldsetzer, ScD, MBChB, MPH

IMPORTANCE Recent evidence from a quasi-experiment in Wales showed that herpes zoster
(HZ) vaccination appears to prevent or delay dementia. Exploiting a similar quasi-experiment
in Australia, this study investigated the effect of HZ vaccination on dementia occurrence in
a different population and health system setting.

OBJECTIVE To determine the effect of HZ vaccination on the probability of receiving a new
diagnosis of dementia.

DESIGN, SETTING, AND PARTICIPANTS In Australia, starting November 1, 2016, live attenuated
HZ vaccination was provided free to individuals aged 70 to 79 years through primary care
clinicians. Thus, individuals whose 80th birthday was just a few weeks before November 1,
2016, never became eligible, whereas those whose 80th birthday was just a few weeks later
were eligible. The key strength of this quasi-experiment is that one would not expect that
these comparison groups who differ in age only minutely would, on average, differ in any
health characteristics and behaviors. Primary health care records were analyzed with
week-of-birth information from 65 general practices across Australia, using a regression
discontinuity design.

EXPOSURE Eligibility for HZ vaccination based on date of birth.

MAIN OUTCOME New diagnoses of dementia as recorded in primary care electronic health
record data.

RESULTS In this sample of 101 219 patients, 52.7% were women and mean age was 62.6 years
(SD, 9.3 years) as of November 1, 2016. Individuals born just before vs just after the
date-of-birth eligibility threshold (November 2, 1936) for HZ vaccination were well balanced
in their past preventive health services uptake and past chronic disease diagnoses. There was
an abrupt increase of 16.4 percentage points (95% CI, 13.2-19.5; P < .001) in the probability of
ever receiving HZ vaccination between patients born shortly before vs shortly after the
date-of-birth eligibility threshold. The eligibility rules of the HZ vaccination program thus
created comparison groups born just on either side of the date-of-birth eligibility threshold
who were likely similar to each other, except for a large difference in their probability of
receiving the intervention (HZ vaccination) of interest. This study found that eligibility for
HZ vaccination (ie, being born shortly after vs shortly before November 2, 1936) decreased
the probability of receiving a new dementia diagnosis during 7.4 years by 1.8 percentage
points (95% CI, 0.4-3.3 percentage points; P = .01). Being eligible for HZ vaccination did not
affect the probability of taking up other preventive health services (including other
vaccinations) or the probability of receiving a diagnosis of common chronic conditions other
than dementia.

CONCLUSIONS AND RELEVANCE By taking advantage of a quasi-experiment and corroborating
findings from Wales in a different population, this study provides evidence of the potential
benefits of HZ vaccination for dementia that is more likely to be causal than that of more
commonly conducted associational studies.
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VZV-Impfung (Australien)



STIKO  |  Impfkalender

Tabelle 1 | Impfkalender 2#25 (Standardimmunisierungen mit Impfstoffen und monoklonalen Antikörpern [mAk]);  
für Indikationsimpfungen wird auf Tabelle 2 verwiesen 

A – Säuglinge, und Kleinkinder bis zum Alter von 5& Monaten (≤ ( Jahre)

Impfung/Immunisierung
Alter in Wochen Alter in Monaten
! 4 # 2 % 4 5 – 7 ( –)! )) * )2 )% – )4 )5 )# – 2% 24 – 5*

U2 U% U4 U5 U# U7 U7a/U(
Respiratorische Synzitial Viren mAk (Einmaldosis) je nach Geburtsmonata

Rotaviren G)b G2 (G%)

Tetanusc G) G2 G%f

Diphtheriec G) G2 G%f

Pertussisc G) G2 G%f

Hibc – H. influenzae Typ b G) G2 G%f

Poliomyelitisc G) G2 G%f

Hepatitis Bc G) G2 G%f

Pneumokokkenc,d G) G2 G%f

Meningokokken Be G) G2 G%f

Meningokokken C G)

Masern, Mumps, Röteln  G) G2

Varizellen G) G2

Empfohlener Impfzeitpunkt

Empfohlener Zeitraum für die 
Verabreichung der mAk

Nachholimpfzeitraum für 
Grund- bzw. Erstimmunisierung 
und Verabreichung der mAk

a  Zwischen April und September Geborene sollen Nirsevimab im Herbst vor Beginn ihrer 1. RSV-Saison erhalten;  
Neugeborene jeglichen Gestationsalters, die während der RSV-Saison (meist zwischen Oktober und März)  
geboren werden, sollen Nirsevimab möglichst rasch nach der Geburt erhalten, idealerweise bei Entlassung aus 
der Geburtseinrichtung bzw. bei der U2 (3. – 10. Lebenstag).

b  Erste Impfstoffdosis bereits ab dem Alter von 6 Wochen, je nach verwendetem Impfstoff 2 bzw. 3 Impfstoff-
dosen im Abstand von mind. 4 Wochen

c  Frühgeborene: zusätzliche Impfstoffdosis im Alter von 3 Monaten, d. h. insgesamt 4 Impfstoffdosen
d Säuglinge (inkl. Frühgeborene) werden mit PCV13 oder PCV15 geimpft
e  Gemäß Fachinformation besteht die Impfserie im Alter von 2 – 23 Monaten aus 3 Impfstoffdosen, ab dem Alter 

von 24 Monaten aus 2 Impfstoffdosen
f Mindestabstand zur vorangegangenen Impfstoffdosis: 6 Monate
g  Zwei Impfstoffdosen im Abstand von mind. 5 Monaten, bei Nachholimpfung beginnend im Alter + 15 Jahre oder 

bei einem Impfabstand von < 5 Monaten zwischen 1. und 2. Impfstoffdosis ist eine 3. Impfstoffdosis erforderlich
h  Td-Auffrischimpfung alle 10 Jahre. Nächste fällige Td-Impfung 1-malig als Tdap- bzw. bei entsprechender Indika-

tion als Tdap-IPV-Kombinationsimpfung
i Eine Impfstoffdosis eines MMR-Impfstoffs für alle nach 1970 geborenen Personen + 18 Jahre mit unklarem 

Impfstatus, ohne Impfung oder mit nur einer Impfung in der Kindheit
j Impfung bis die Anzahl der für die Basisimmunität erforderlichen + 3 SARS-CoV-2-Antigenkontakte (davon 

mindestens 1 Impfung) erreicht ist. Mindestimpfabstand zwischen G1 und G2 + 4 bis vorzugsweise 12 Wochen, 
und zwischen G2 und G3 + 6 Monate

k  Impfung mit PCV20
l 2 Impfstoffdosen des adjuvantierten Herpes-zoster-Totimpfstoffs im Abstand von mindestens 2 bis maximal  

6 Monaten
m  Jährliche Impfung im Herbst
n 1-malige Impfung mit einem proteinbasierten RSV-Impfstoff im Spätsommer/Herbst vor Beginn der RSV-Saison

*  Impfungen können auf mehrere Impftermine verteilt werden. MMR und V können am selben Termin oder in 
4-wöchigem Abstand gegeben werden

G Grundimmunisierung  
 (G1 – G3)
A Auffrischimpfung
S Standardimpfung
mAk monoklonale Antikörper

B – Kinder ) 5 Jahre, Jugendliche und Erwachsene

Impfung
Alter in Jahren

5 – # 7 – ( * – )4 )5 – )# )7 ab )( #! – 74 ab 75
U* U)! U))/J) J2

Tetanus A) A2 Ah

Diphtherie A) A2 Ah

Pertussis A) A2 A%h

Poliomyelitis A)

Hepatitis B

HPV – Humane Papillomviren G)g G2g

Meningokokken C

Masern Si

Mumps, Röteln

Varizellen

Pneumokokken Sk

Herpes zoster G)l G2l

Influenza S (jährlich)m

COVID-)* Gxj S (jährlich)m

Respiratorische Synzitial Viren Sn
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• 2 Impfstoffdosen des adjuvantierten Herpes zoster Untereinheiten-Totimpfstoff im Abstand von 2 - 6 Monaten.
• Shingrix®: in Deutschland zugelassen seit 2018 für Personen ≥18 Jahre.

• Zusätzlich Indikationsimpfung für Personen ≥ 50 Jahre mit einer erhöhten gesundheitlichen Gefährdung infolge 
einer Grunderkrankung oder für Personen mit angeborener bzw. erworbener Immundefizienz.



GLP-1RA & Demenz-Inzidenz
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populations. However, the study observed some opposing
trends when comparing GLP-1RAs with SGLT2is in subgroups
defined by age (<6$ vs %6$ years), obesity status, and metfor-
min use. These findings, although not statistically signifi-
cant, hint at the possibility of personalized treatment ap-
proaches in diabetes management. For instance, the opposing
direction in obesity subgroups might be partially explained by
the differential effects of GLP-1RAs and SGLT2is on body
weight. Late-life obesity has been associated with decreased
ADRD risk, while weight loss may increase risk.48,4( Both GLP-
1RAs and SGLT2is reduce body weight, with GLP-1RAs having
greater effects,$) potentially contributing to the opposing
trends. The underlying explanations for the varying associa-
tions between GLP-1RAs and ADRD risk compared with SGLT2is
in age and metformin use subgroups warrant further investi-
gation. It is important to emphasize that these subgroup analy-
ses were exploratory, and the observed trends did not reach
statistical significance. Therefore, these findings should be in-
terpreted cautiously and considered hypothesis-generating
rather than definitive. Among the GLP-1RAs, semaglutide
seems to be promising in reducing the risk of ADRD. This find-
ing is particularly intriguing given the existing research on
semaglutide’s neuroprotective properties.$1,$2 Currently, 2 pla-
cebo-controlled phase 3 trials (EVOKE [NCT)4+++3(6] and
EVOKE Plus [NCT)4+++4)(]) have been initiated to study the
efficacy of oral semaglutide (14 mg) in patients with early AD.$3

The results from these trials will provide crucial insights into
the potential cognitive benefits of semaglutide.

The potential benefits of GLP-1RAs and SGLT2is on the risk
of ADRD should be interpreted with caution given the rela-
tively short duration of follow-up (mean, 1.($-3.+6 years). The
development of ADRD is a protracted process that typically un-
folds over several years, and the pathological changes associ-
ated with ADRD often begin long before clinical symptoms
manifest.$4 The observed immediate neuroprotections of GLP-
1RAs and SGLT2is could be explained by the following: (1) the
higher prevalence of mild cognitive impairment among pa-
tients with T2D, which accelerates ADRD progression,$$,$6 GLP-
1RAs, and SGLT2is may effectively manage diabetes and im-
prove other ADRD risk factors (eg, cardiovascular disease and
cerebrovascular disease), potentially accounting for their im-
mediate neuroprotections; and (2) GLP-1RA and SGLT2i users
tended to be younger than other GLD users in this study, de-
spite it being balanced in the weighted cohort. This age dis-
crepancy could contribute to the observed neuroprotection,
as younger individuals generally have a lower baseline ADRD
risk, potentially overestimating the protective association.
Thus, future studies with longer follow-up periods are war-
ranted to confirm these findings and assess the durability of
the observed associations.

Strengths and Limitations
This study’s strengths include the target trial emulation
approach, adjustment for numerous baseline covariates, and
consistent results across multiple sensitivity and subgroup
analyses. However, several limitations warrant consideration.
First, despite extensive covariate adjustment, the observa-
tional nature of this study precluded the complete elimina-

tion of residual confounding. Unmeasured confounders, such
as duration and severity of T2D, socioeconomic factors, and
cognitive status, may influence the observed associations. To
mitigate the potential influence of duration and severity of
T2D, the study adjusted for insulin use at baseline, a proxy for
the severity of diabetes, and conducted subgroup analyses to

Figure 2. Inverse Probability of Treatment Weighting (IPTW)–Adjusted
Cumulative Incidence of Alzheimer Disease and Related Dementias
Within the 3 Study Cohorts
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AD-related pathophysiologic processes including neu-
roin!ammatory pathways, vascular and BBB integrity, 
reduced synaptic loss, and neuroprotection [19, 21, 
23–26, 46–48]; these e"ects may be mediated indirectly 
rather than via direct brain action, since semaglutide may 
have limited ability to cross the BBB [49]. However, stud-
ies in animals have shown that semaglutide interacts with 
the circumventricular regions and speci#cally accesses 
GLP-1R–positive brain regions following peripheral 
administration, including the area postrema in the hind-
brain, the arcuate nucleus of the hypothalamus, and the 
lateral septal nucleus [50]. $ese observations suggest 
that semaglutide may have at least limited direct access 
to the brain as well as exerting peripheral e"ects.

To further assess the potential therapeutic utility of 
GLP-1RAs in early-stage symptomatic AD, large ran-
domized controlled trials are needed. Here, we describe 
the design of the phase 3 evoke and evoke+ trials, the #rst 
trials to investigate the e%cacy, safety, tolerability, and 
potential disease-modifying e"ect of oral semaglutide up 
to 14&mg versus placebo in participants with early-stage 
symptomatic AD (MCI or mild dementia).

Methods
Trial design
evoke (NCT04777396) and evoke+ (NCT04777409) are 
randomized (1:1), double-blind, placebo-controlled, 
parallel-group trials investigating the e%cacy and safety 
of oral semaglutide versus placebo in participants with 
early-stage symptomatic AD (Fig.&1). $e description in 
this paper is based on the protocol version 10. $e two 
trials have identical designs, with di"erences in inclu-
sion criteria; evoke+ allows participation of patients with 
evidence of small vessel pathology on baseline imaging 
(described below). Participants can receive standard of 
care therapies (de#ned as treatment with an approved 
AD medication, including an acetylcholinesterase inhibi-
tor, memantine, or an anti-amyloid monoclonal anti-
body, or combinations of these agents) during the trial. 

Continuation of approved AD treatments requires a 
stable dose for ! 3 months before screening and the dose 
should not be changed unless medically necessary. Ini-
tiation of approved AD treatments is permitted during 
the trial if deemed medically necessary by investigators. 
Participants from 40 countries (in Asia, Europe, Latin 
America, North America, and rest of the world [which 
includes Australia, Israel, Russia, and South Africa]) 
comprise the planned enrollment, with an expected 80% 
presenting with MCI (de#ned as Clinical Dementia Rat-
ing [CDR] global score of 0.5) and 20% with mild AD 
dementia (de#ned as CDR global score of 1.0). Partici-
pants with T2D could be enrolled and constitute up to 
a planned maximum of 30% of the overall trial popula-
tion, but no strati#cation by T2D status was conducted 
at randomization. Following an up to 12-week screening 
phase, a planned 1840 participants in each trial were to 
be randomized (1:1) to the semaglutide treatment or pla-
cebo arms. $e treatment period is 156 weeks, including 
a 104-week main treatment phase and 52-week double-
blinded extension phase. Following the 52-week exten-
sion phase, a follow-up period of 5 weeks is planned to 
allow complete wash-out of semaglutide before the #nal 
trial visit at week 161. Participants and investigators will 
remain blinded to treatment assignment throughout the 
trial period (main and extension phases).

Randomized participants initiate treatment with 3&mg 
OD oral semaglutide or placebo from weeks 0–4 and 
follow a 4-week dose-escalation regimen to 7& mg dur-
ing weeks 4–8, after which a treatment dose of 14&mg is 
reached. $is 8-week dose-escalation period is based on 
previous clinical trial evidence supporting a low starting 
dose and gradual titration of semaglutide [38, 51]. Dosing 
is !exible, allowing for extension of dose-escalation inter-
vals, dose reduction, and treatment pauses. An interac-
tive web response system is used for blind-breaking if 
needed to ensure patient safety. Treatment compliance 
was assessed and reinforced through drug accountabil-
ity information (counting returned tablets) and through 

Fig. 1 Trial design of evoke/evoke+. *Participants can receive existing or add-on SoC (de!ned as treatment with an approved AD medication, including 
acetylcholinesterase inhibitor, memantine, or anti-amyloid monoclonal antibody) throughout the trial. AD, Alzheimer’s disease; R, randomization; SoC, 
standard of care

 

Studiendesign



EVOKE (Phase 3) | Semaglutid bei früher Alzheimer-Krankheit

Cummings et al. Präsentation bei CTAD- Dec 3, 2025, San Diego, US

Primärer Endpunkt: Clinical Dementia Rating – sum of boxes (CDR-SB)
• Change in CDR-SB from baseline to week 104
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• Aβ wird in Form löslicher Monomere aus 
APP erzeugt.

• Aus Aβ Monomeren können sukzessive 
intermediäre Aggregationszustände 
entstehen, darunter
• Dimere
• Oligomere

• Trimere, ..., Dodecamere
• Protofibrillen
• Fibrillen, die sich schließlich in 
• Plaques ansammeln.
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[14, 15]. Autopsy studies demonstrated reduction of Aβ 
plaques and decreased tau in neuronal processes [16]. No 
clinical benefit was shown [17]. The difficulties encoun-
tered with active vaccination resulted in developing pas-
sive immunotherapies that focus on specific Aβ epitopes. 
The first human trial, involving the mAb bapineuzumab, 
was begun in 2006. The trial showed no clinical benefit but 
was interpreted as indicating a response in apolipoprotein 
E4 (APOE4) non-carriers [18]. ARIA were observed for 
the first time in this trial. In response to the observations 
in the phase II trial, a pair of trials hosting E4 carriers 
and E4 non-carriers, respectively, were conducted without 
establishing benefit in either trial [19, 20]. Plaque reduc-
tion was demonstrated in a small trial using amyloid PET 
as an outcome [21].

Creating a ‘peripheral sink’ by engaging Aβ peripherally 
and creating flow from brain to plasma was hypothesized as a 
plausible approach to anti-amyloid mAb therapy and formed 
the basis of a pair of trials with solanezumab, a monomer-
directed mAb in patients with mild-to-moderate AD [22, 
23]. The trials were negative but suggested benefit in mildly 
impaired patients; a trial in this population also failed to dem-
onstrate a treatment effect [24]. Trials of crenezumab, an mAb 
directed at monomers and oligomers, produced no drug-pla-
cebo difference in phase II trials involving mild-moderate AD 
[25, 26]. Similarly, phase III trials showed no benefit in partici-
pants with early AD [27]. Analyses of these trials, as well as 
data from the gantenerumab mAb development program [28], 

suggested that higher doses of mAbs might be needed. The 
next generation of mAb trials (described below) used doses 
four- to fivefold higher than those used in the initial studies.

The combination of higher doses, targeting high molecu-
lar weight Aβ species, and use of amyloid PET and CSF Aβ 
studies to verify the presence of the biological target in trial 
participants resulted in greater success in the mAb studies and 
FDA approval of two agents.

5  Aducanumab

5.1  Introduction

Aducanumab (BIIB037; Aduhelm™) is a human immuno-
globulin (Ig) G1 monoclonal auto-antibody (IgG1-mAb) 
that binds to an N-terminal epitope formed by amino acids 
3–7 of the Aβ42 (Aβ42) peptide, with a higher affinity for 
fibrillar aggregates compared with monomers [9]. Adu-
canumab received accelerated approval from the FDA in 
June 2021, making it the first approved Aβ-targeting mAb 
and the first approved DMT for AD [29]; it was approved 
in the United Arab Emirates (UAE) shortly after. The drug 
is indicated in early AD patients with MCI or mild demen-
tia who have evidence of brain Aβ from amyloid PET or 
CSF studies [30]. Data from the clinical trials suggest that 
aducanumab at 10 mg/kg is the target dose [2, 30] deliv-
ered via intravenous infusions every 4 weeks.

Fig. 1  Activation of resting 
microglia by anti-amyloid 
monoclonal antibodies ( © J 
Cummings; M de la Flor, PhD, 
illustrator)
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on PET as measured in centiloids in the sub-
group tested and change from baseline at 18 
months in the ADAS-cog14 score, change from 
baseline at 18 months in the ADCOMS, and 

change from baseline at 18 months in the ADCS-
MCI-ADL score, all in the modified intention-to-
treat population. Each test was performed at an 
alpha level of 0.05 (two-sided) and was to be 
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Baseline Mean:
Placebo: 75 CL

Lecanemab: 78 CL

Δ = -55 CL (Lecanemab)

Δ = +4 CL (Placebo)
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Baseline Mean:
CDR-SB: 3.2

+1.21

+1.66

CDR-SB
(Clinical Dementia Rating – Sum of Boxes)
Range: 0-18 [higher scores = greater deficit]

27% geringere CDR-SB Verschlechterung
(Δ = -0.45;  p=0.00005)
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Figure 3. Brain Amyloid, Plasma Phosphorylated Tau 217 (P-tau217), and Hazard Ratios for Risk of Disease Progression
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Biomarker data shown were analyzed using mixed models for repeated
measures (MMRM). For MMRM analyses, 95% CIs for the least-squares mean
changes were calculated with the normal approximation method. P < .001 for
all time points in panels A-D. B, P value is from Fisher exact test comparing the
percent amyloid negative by treatment groups at each visit. E and F, The
analysis was conducted using a Cox proportional hazards model. There were

163 events among 573 participants in the placebo group and 100 events among
555 participants in the donanemab group in the low/medium tau population
and 288 events among 844 participants in the placebo group and 186 events
among 805 participants in the donanemab group in the combined population.
CDR-G indicates Clinical Dementia Rating Global Score.
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Baseline Mean:
CDR-SB: 3.7 36% geringere CDR-SB Verschlechterung

ΔLSM = −0.67 [95% CI, −0.95 to −0.40] p<0.001

Low/Medium Tau Population

+1.20

+1.88
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§ Im Vergleich zur ADNI-Kohorte nahm der 
Behandlungsvorteil von Donanemab im Verlauf 
von drei Jahren kontinuierlich zu, mit einem 
Anstieg des Δ CDR-SB von 0,6 nach 18 Monaten 
auf 1,2 nach 36 Monaten.

§ Der Behandlungsvorteil nahm zu obwohl die 
Therapie bei den meisten Teilnehmern bereits 
abgeschlossen war.
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cal measurement error, cognitive and functional deteriora-
tion in AD can be influenced by multiple pathological factors
besides amyloid burden. While TRAILBLAZER-ALZ 2 demon-
strated that participants benefited from amyloid removal and
experienced slowed clinical progression at the study level, in-
dividual clinical trajectory still varied, likely due to these
additional pathological influences (Sims et al6; eFigures 1-3 in
Supplement 2). To address this variability, the present analy-
sis stratified participants into deciles based on their lowest post-
treatment amyloid levels. This approach allowed for a more
granular evaluation of clinical outcomes across a spectrum
of amyloid reduction, while mitigating confounding effects of
clinical assessment variability. Furthermore, changes in clini-
cal and biomarker assessments were adjusted for potential con-
founders using mixed models for repeated-measures analy-
ses (eTable in Supplement 2), and the associations between

these adjusted mean values and posttreatment amyloid lev-
els were assessed via a simple correlation analysis. The high
R2 values are a result of this refined analytical approach and
are unlikely to be artificially inflated.

Classifying participants according to lowest posttreat-
ment amyloid levels, rather than amyloid levels at the %6-
week end point, maximized sample size by including all
randomized participants, even those who did not complete
the full %6-week trial. The lowest posttreatment level reflects
the maximal treatment effect, as amyloid levels tended to
stabilize once clearance levels were achieved, with minimal
rebound over the remainder of the study.12

Because the same magnitude of amyloid reduction can oc-
cur in participants with different baseline amyloid levels, ana-
lyzing posttreatment amyloid levels, rather than change from
baseline, is a more appropriate approach. This method more ac-

Table. Baseline Demographic and Clinical Characteristics of Participants, Stratified by
Decile Based on the Lowest Observed Posttreatment Amyloid Value

Decile No.
Female,
No. (%)

Age,
mean (SD), y

APOE ε4
carrier,
No. (%)

Mean (SD) No. (%)
CDR-SB
score iADRS score

Amyloid
in CL

Randomized
to donanemab Discontinued

Total 1582 900 (56.9) 72.9 (6.2) 1118 (70.7) 3.9 (2.0) 104.3 (13.9) 102.9 (34.5) 766 (48.4) 251 (15.9)

1 158 92 (58.2) 76.4 (5.5) 92 (58.2) 3.9 (2.2) 104.0 (13.1) 87.5 (32.3) 158 (100) 14 (8.9)

2 158 99 (62.7) 73.3 (6.3) 94 (59.5) 3.8 (1.9) 104.8 (13.7) 94.5 (27.9) 158 (100) 7 (4.4)

3 158 94 (59.5) 72.0 (5.4) 120 (75.9) 3.7 (1.9) 107.0 (13.6) 103.1 (31.6) 156 (98.7) 19 (12.0)

4 159 90 (56.6) 71.5 (6.1) 119 (74.8) 3.9 (2.1) 104.6 (15.5) 106.9 (40.6) 135 (84.9) 31 (19.5)

5 158 83 (52.5) 72.7 (6.1) 113 (71.5) 4.1 (2.1) 102.8 (13.8) 89.1 (37.8) 79 (50.0) 38 (24.1)

6 158 96 (60.8) 72.4 (6.6) 108 (68.4) 4.1 (2.1) 103.2 (13.6) 86.7 (29.0) 36 (22.8) 28 (17.7)

7 159 87 (54.7) 72.3 (6.2) 122 (76.7) 4.0 (1.9) 102.8 (14.7) 94.0 (23.4) 19 (11.9) 28 (17.6)

8 158 90 (57.0) 73.1 (6.0) 123 (77.8) 3.7 (2.0) 106.0 (14.0) 106.2 (23.5) 14 (8.9) 30 (19.0)

9 158 86 (54.4) 72.3 (6.1) 116 (73.4) 3.8 (2.1) 103.7 (13.6) 117.1 (22.4) 10 (6.3) 28 (17.7)

10 158 83 (52.5) 73.1 (6.1) 111 (70.3) 3.8 (2.0) 104.1 (13.0) 143.4 (29.5) 1 (0.6) 28 (17.7)

Abbreviations: APOE, apolipoprotein E; CDR-SB, Clinical Dementia Rating Scale–Sum of Boxes; CL, Centiloid; iADRS, integrated Alzheimer’s Disease Rating Scale.

Figure 2. Correlation of Posttreatment Amyloid Value With 76-Week Changes in Clinical Progression Measures
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Correlation of amyloid burden (Centiloids) with 76-week change in integrated
Alzheimer’s Disease Rating Scale (iADRS) score (A) and Clinical Dementia Rating
Scale–Sum of Boxes (CDR-SB) score (B). Least-squares (LS) mean changes were
analyzed with mixed models for repeated measures (MMRM). MMRM models
included deciles, visit, and deciles-by-visit interaction terms as fixed factors and

were adjusted for baseline value, baseline-by-visit interaction, baseline age,
concomitant acetylcholinesterase inhibitor and/or memantine use at baseline,
and randomization stratifying factors (pooled investigator and baseline tau
category). Models used an unstructured covariance matrix to model
within-participant correlation.
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Amyloid-related imaging abnormality (ARIA)

Cogswell et al. AJNR Am J Neuroradiol. 2025 Jan 8;46(1):24-32

vascular amyloid deposits in APOE «4 carriers.13 The effect of
APOE «4 on ARIA risk is dose-dependent, with APOE «4 homo-
zygous individuals displaying the highest risk. Baseline (pretreat-
ment) microhemorrhages are also predictive of future ARIA-H,
and patients with $5 baseline microhemorrhages were excluded
from recent clinical trials using anti-amyloid immunothera-
pies.8,11,18 The second major risk factor for ARIA is drug dose.
Finally, the risk of ARIA is associated with treatment duration.
Patients are at greatest risk of developing ARIA during the first
few months of treatment, when vessel wall amyloid is being
mobilized.13 For these reasons, gradually increasing doses to
reach a therapeutic dose level has been proposed to reduce ARIA
incidence. Multiple noncontrast brain MRI scans are recommended
to monitor ARIA, especially during treatment initiation.

The US FDA has adopted a standard radiographic classifica-
tion for ARIA (Fig 1), following the classification systems used in

clinical trials for anti-amyloid immunotherapies. The Alzheimer
Disease and Related Disorders Therapeutic Workgroup (American
Neurologic Association) has published a white paper recommend-
ing that anti-amyloid immunotherapy be paused for moderate
ARIA-E or ARIA-H (even if asymptomatic) and discontinued for
severe ARIA-H.19,20 Given these serious patient care implica-
tions, the potentially numerous MR imaging sessions needed,
and the prevalence of patients with AD who may be treated, it is
important for radiology practices to be prepared to perform,
interpret, and communicate findings of these MRI examinations
reliably, meaningfully, and in a timely manner.

With ongoing studies and approval, AD therapeutics are
becoming widely available in the community. As radiology prac-
tices prepare to provide care for these patients, many are seeking
additional resources and guidance to optimize imaging proto-
cols and workflows and to feasibly translate experience from

clinical trials into clinical practice.
This review article builds on our prior
article, “Amyloid-Related Imaging
Abnormalities with Emerging Alzh-
eimer Disease Therapeutics: Detection
and Reporting Recommendations for
Clinical Practice.”21 The primary aim is
to provide updated practical considera-
tions for implementation of MR imag-
ing protocols, workflows, and reporting
and communication practices, on the
basis of consensus discussion within
an expanded American Society of
Neuroradiology (ASNR) Alzheimer
and Dementia Study Group, repre-
senting a broad scope of neuroradiol-
ogy practice settings and locations.

ROLE OF THE RADIOLOGIST IN
THE PATIENT CARE CYCLE
With the full FDA approval and
Centers for Medicare & Medicaid
Services (CMS) coverage of lecanemab
and donanemab, anti-amyloid immu-
notherapy is now a realistic option for
appropriate patients with mild cogni-
tive impairment or early dementia due
to amyloid-positive AD. Amyloid posi-
tivity can be determined by amyloid
PET, as performed in the lecanemab
Phase III trial;11 CSF biomarkers, as is
most common in clinical practice;22

and plasma biomarkers, which are an
emerging clinical option.23 The need
to evaluate amyloid status, evaluate for
exclusionary MRI findings at baseline,
and perform safety monitoring has
resulted in an increase in radiology
services, including MRI scans and flu-
oroscopic-guided lumbar punctures.
The recently updated CMS payment

FIG 1. ARIA radiographic severity score. ARIA-E, ARIA-H microhemorrhages, and ARIAI-H su-
perficial siderosis are graded separately on the basis of treatment-emergent imaging findings.
Any new, transient edema/sulcal effusion and new microhemorrhages or siderosis that occur
while on treatment constitute ARIA. For ARIA-E, the size indicates the greatest extent of contigu-
ous signal abnormality/gyral swelling measured in any dimension. Mild ARIA-E: new postdosing
left parietal parenchymal edema measuring less than 5 cm (line); Moderate ARIA-E: new edema
and gyral swelling in the right temporal-occipital lobes measuring 5–10 cm (line); and Severe
ARIA-E: new edema and gyral swelling involving the left temporal-occipital lobes measuring
greater 10 cm in greatest dimension. Mild ARIA-H microhemorrhages: one right occipital
treatment-emergent microhemorrhage (arrow); Moderate ARIA-H: 6 scattered treatment-
emergent microhemorrhages (arrows); and Severe ARIA-H: more than 10 treatment-emergent
microhemorrhages clustered in the left occipital lobe (oval). Mild ARIA-H superficial siderosis:
one right occipital region of treatment-emergent siderosis (oval); Moderate ARIA-H: 2 regions
of siderosis (left sylvian fissure and left occipital, ovals); and Severe ARIA-H: 3 regions of siderosis
(bilateral frontal and central sulcus, ovals). Some images courtesy of Dominantly Inherited
Alzheimer’s Network (DIAN).

AJNR Am J Neuroradiol 46:24–32 Jan 2025 www.ajnr.org 25
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phase 2 studies and an open-label study, ARIA was 
detected in 36 of 210 (17%) patients treated with 
bapineuzumab. Most cases were clinically silent. 
Roughly 40% of ARIA cases were fi rst detected in this 
retrospective review, all of whom were asymptomatic 
and continued to be treated while having ARIA-E. In 
some patients, ARIA recurred, but they remained 
asymptomatic. These newly identifi ed ARIA-E cases 
appeared to have milder FLAIR signal changes and 
fewer involved brain regions than did originally 
identifi ed ARIA-E cases. When the phase 2 studies 
started, little was known about the range of ARIA 
changes on MRI. With greater awareness of these 
abnormalities, it seems likely that local radiologists will 
miss fewer ARIA cases in the future.

The mechanisms that cause ARIA need to be fully 
elucidated, but the risk factors identifi ed in this study, as 
well as data from animal models, suggest potential 
hypotheses (fi gure 5). The risk analyses provide quanti-
tative evidence for increased risk of ARIA-E with increasing 
APOE ε4 allele frequency, which supports a preliminary 
report suggesting that the risk of ARIA-E is increased 
in APOE ε4 carriers.1 APOE ε4 has been linked to 
development of cerebral amyloid angiopathy in transgenic 

A   Screening FLAIR B   Screening 11C PiB PET C   Week 6 FLAIR

D   Week 19 FLAIR E   Week 19 11C PiB PET F   Week 19 gradient recalled echo

Figure 4: MRI and ¹¹C PiB PET scans of an APOE ε4 heterozygote given bapineuzumab (2·0 mg/kg)
This patient was one of two who had ARIA-E in the 202 study. This patient had ¹¹C PiB PET imaging soon after the 
onset of the ARIA. Baseline FLAIR image without evidence of ARIA-E (A). FLAIR sequence obtained at week 6 (C) 
shows bifrontal parenchymal hyperintensity (arrows; ARIA-E) which resolved by week 19 (D). Additionally, 
week 19 gradient echo T2*-weighted sequence (F) shows the development of bifrontal microhaemorrhages 
(ARIA-H; arrows) not present on previous images (not shown). A corresponding week 19 ¹¹C PiB scan (E) shows 
reduced ¹¹C PiB uptake (arrows) compared with that at baseline in regions with ARIA-E and ARIA-H (arrows; B). 
FLAIR=fl uid attenuation inversion recovery. ¹¹C PiB=¹¹C Pittsburgh compound B. ARIA-E=amyloid-related imaging 
abnormalities thought to be parenchymal vasogenic oedema and sulcal eff usions. ARIA-H=amyloid-related 
imaging abnormalities thought to be a result of microhaemorrhages and haemosiderosis.
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Figure 5: Model of ARIA mechanisms related to vascular amyloid clearance 
with anti-Aβ therapy
In the normal physiological state (A), Aβ is thought to be cleared from the brain 
partly via perivascular and vascular clearance. As Alzheimer’s disease progresses (B), 
cerebral vessels accumulate vascular amyloid deposition, resulting in disrupted 
vascular integrity, and impaired perivascular Aβ clearance pathways. Advancing age 
and APOE %4 genotype are thought to contribute to the process of increasing 
cerebral amyloid angiopathy. After initiation of immunotherapy against Aβ (C), 
targeting removal of Aβ from both parenchyma and the cerebral vasculature, 
vessels with pre-existing amyloid vascular pathology might become transiently 
more susceptible to vascular extravasation events, resulting in ARIA-E if the leakage 
products are proteinacious fl uid and ARIA-H if blood products leak through 
damaged vessel walls.  The degree of increased vascular permeability might depend 
on the severity of pre-existing cerebral amyloid angiopathy, the effi  ciency of 
amyloid clearance, local infl ammatory response, and other factors.  Mobilisation of 
parenchymal Aβ with anti-Aβ immunotherapy towards already impaired 
perivascular drainage pathways could also cause increased fl uid accumulation and a 
paradoxical transient increase in amyloid angiopathy. With repeated immunisation 
(D) and continued clearance of vascular Aβ, the structural integrity of the vessels 
and the effi  ciency of the perivascular clearance pathway should improve, and the 
risk of such extravasation events should decrease. Portions adapted from Weller and 
colleagues,21 by permission of John Wiley and Sons. Aβ=amyloid β.
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Fig. 1. Dose titration and MRI monitoring schedule for donanemab. A) Dose titration used in TRAILBLAZER-ALZ2 and approved by the FDA. B) Adjusted 
titration schedule from TRAILBLAZER-ALZ6 found to be associated with a reduced rate of ARIA. 

Table 4 
Frequencies of ARIA by APOE genotype in the donanemab placebo-controlled trials and open-label addendum. 

Placebo 
N = 999 Donanemab PCT 

N = 984 Donanemab OLA 
N = 1047 

Any ARIA 142/999 (14.2 %) 364/984 (37.0 %) 335/1047 (32.0 %) 
ARIA-E 19/999 (1.9 %) 240/984 (24.4 %) 207/1047 (19.8 %) 
APOE4 non-carrier 2/282 (0.7 %) 43/291 (14.8 %) 43/391 (11.0 %) 
APOE4 heterozygote 10/538 (1.9 %) 126/522 (24.1 %) 115/535 (21.5 %) 
APOE4 homozygote 6/174 (3.4 %) 70/168 (41.7 %) 48/114 (42.1 %) 

ARIA-H 130/999 (13.0 %) 308/984 (31.3 %) 285/1047 (27.2 %) 
APOE4 non-carrier 30/282 (10.6 %) 55/291 (18.9 %) 71/391 (18.2 %) 
APOE4 heterozygote 66/538 (12.3 %) 162/522 (31.0 %) 156/535 (29.2 %) 
APOE4 homozygote 34/174 (19.5 %) 90/168 (53.6 %) 57/114 (50.0 %) 

PCT – placebo-controlled trials; OLA – open-label addendum; APOE4 – apolipoprotein E ! 4 allele. 
As has been observed with other potent amyloid-lowering anti- 

bodies [ 62 , 63 ], the primary risk factor for ARIA in the setting of 
donanemab therapy is APOE4 genotype. The rates of ARIA-E in the 
placebo-controlled trials were 14.8 % in APOE4 non-carriers, 24.1 % in 
APOE4 heterozygotes and 41.7 % in APOE4 homozygotes, while ARIA-H 
rates were 18.9 % in APOE4 non-carriers, 31.0 % in APOE4 heterozy- 
gotes and 53.6 % in APOE4 homozygotes ( Table 4 ). Rates of symp- 
tomatic ARIA-E were 4.1 %, 6.1 % and 7.7 % amongst APOE4 non- 
carriers, heterozygotes and homozygotes respectively in the placebo- 

controlled trials, with serious and severe ARIA also being most common 
amongst APOE4 homozygotes. Given the elevated risk in this popula- 
tion, the FDA placed a boxed warning on use of donanemab in APOE4 
homozygotes [ 4 ]. The AUR do not exclude APOE4 homozygotes from 
donanemab treatment, but strongly recommend that clinicians proceed 
with caution in this population. A thorough and careful discussion of 
risks and benefits of treatment, including direct discussion of the higher 
risks of ARIA and a comprehensive evaluation for additional ARIA risk 
factors (see below), is especially critical as part of the shared decision- 
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32.6%. Rates of symptomatic ARIA were 1.4%, 1.7%, and 
9.2%,  respectively.    These  observations  support APOE 
genotyping  of  all  patients  (who  agree)  to  inform  risk 
discussions with  treatment  candidates  and  their  care 
partners (discussed in more detail below).  Table 5 shows 
the rates of ARIA-E and ARIA-H for the Phase 2 and the 
Phase 3 (CLARITY AD) lecanemab trials (2, 9).

ARIA Monitoring 

We recommend obtaining MRI  scans prior  to  the  5th, 
7th, and 14th infusions.  We also suggest a week 52 (prior 
to  the  26th  infusion) MRI  scan,  especially  in  those who 
are APOE4  carriers  or  had  evidence  of ARIA  (whether 
with or without symptoms) on earlier MRIs (Figure 1). In 
CLARITY AD, ARIA-E  tended  to occur  early, with most 

episodes  (71%)  detectable  on  the  first  or  second MRIs 
obtained at weeks 9 and 13.  Eighty-one percent resolved 
spontaneously within 4 months of radiographic detection.  
Initial  episodes of ARIA-E  continued  to occur on  safety 
MRIs at 24 and 52 weeks in APOE4  carriers  but were 
infrequent in non-carriers after week 13. 

Cerebral Macrohemorrhage

A cerebral macrohemorrhage represents a major central 
nervous  system event  often with  enduring neurological 
deficits. A macrohemorrhage  is more  likely  to  occur 
when patients with pre-existing microbleeds or CAA-ri/
ABRA are given anticoagulants (26, 27). Though numbers 
are  small,  the  rate  of  cerebral macrohemorrhage  in  the 
CLARITY AD  double  blind  and  available  open  label 

Figure 1. MRI monitoring for lecanemab

Table 5.  ARIA rates reported for the Phase 3 (CLARITY AD) trial of lecanemab
All 

Participants 
on Placebo 
(N = 897)

All 
Participants 
on Lecanemab 
(N = 898) 

APOE4 
Noncarrier : 
Placebo 
(N = 286)

APOE4 
Noncarrier: 
Lecanemab 
(N = 278) 

APOE4 
Carrier: 
Placebo 
(N = 611)

APOE4 
Carrier: 

Lecanemab
 (N = 620) 

APOE4 
Heterozygote: 
Placebo 
(N = 478) 

APOE4 
Heterozygote: 
Lecanemab 
(N = 479)

APOE4 
Homozygote: 
Placebo 
(N = 133) 

APOE4 
Homozygote: 
Lecanemab

(N = 141)

ARIA-E 1.7% 
(15/897)

12.6% 
(113/898)

0.3% 
(1/286)

5.4% 
(15/278)

2.3% 
(14/611)

15.8% 
(98/620)

1.9% 
(9/478)

10.9% 
(52/479)

3.8% 
(5/133)

32.6% 
(46/141)

Symptomatic ARIA-E 0 2.8% 
(25/898)

0 (1.4%) 
4/278

0 3.4% 
(21/620)

0 1.7% 
(8/479)

0 9.2% 
(13/141)

Serious event with ARIA-E 0 0.8% 
(7/898)

0 0.7% 
(2/278)

0 0.8%
(5/620)

0 0.4% (
2/479)

0 2.1% 
(3/141)

Total ARIA-H  (Concur-
rent & Isolated)

9.0% 
(81/897)

17.3% 
(155/898)

4.2% 
(12/286)

11.9% 
(33/278)

11.3%
 (69/611)

19.7% 
(122/620)

8.6% 
(41/478)

14.0% 
(67/479)

22.1% 
(28/133)

39.0% 
(55/141)

Symptomatic ARIA-H 0.2% 
(2/897)

0.7% 
(6/898)

0 0.4% 
(1/278)

0.3% 
(2/611)

0.8% 
(5/620)

0.2% 
(1/478)

1.0% 
(5/479)

0.8% 
(1/133)

0

Serious event with 
ARIA-H

0.1% 
(1/897)

0.6% 
(5/898)

0.3% 
(1/286)

0.7% 
(2/278)

0 0.5% 
(3/620)

0 0.2% 
(1/479)

0 1.4%
 (2/141)

Microhemorrhage 7.6% 
(68/897)

14.0% 
(126/898)

3.1%
 (9/286)

7.2% 
(20/278)

9.7% 
(59/611)

17.1% 
(106/620)

7.1% 
(34/478)

12.1% 
(58/479)

18.8%
 (25/133)

34.0% 
(48/141)

Superficial siderosis 2.3% 
(21/897)

5.6% 
(50/898)

0.7% 
(2/286)

4.7% 
(13/278)

3.1% 
(19/611)

6.0% 
(37/620)

2.7% 
(13/478)

4.0% 
(19/479)

4.5% 
(6/133)

12.8% 
(18/141)

 ICH2 (Including non-
TEAE)

0.2% 
(2/897)1

0.7% 
(6/898)1

0.3% 
(1/286)

0.4% 
(1/278)

0.2% 
(1/611)1

0.8% 
(5/620)1

0.2%
 (1/478)1

0.6% 
(3/479)1

0 1.4% 
(2/141)

Isolated ARIA-H3 7.8%
 (70/897)

8.9% 
(80/898)

3.8% 
(11/286)

8.3% 
(23/278)

9.7% 
(59/611)

9.2% 
(57/620)

7.3% 
(35/478)

8.4% 
(40/479)

18.0% 
(24/133)

12.1%
 (17/141)

Symptomatic Isolated 
ARIA-H

0.2% 
(2/897)

0.4% 
(4/898)

0 0.4% 
(1/278)

0.3% 
(2/611)

0.5% 
(3/620)

0.2% 
(1/478)

0.6% 
(3/479)

0.8% 
(1/133)

0

1. Includes one non-treatment emergent adverse event (non-TEAE) case in each treatment group:  event occurred during study but > 30 days after discontinuing study medication; 2. ICH - 
Intracerebral hemorrhage (>1cm) or macrohemorrhage; 3. ARIA-H in subjects who did not also experience ARIA-E at any time

Lecanemab & Donanemab

Baseline-cMRT:
innerhalb von 6 Monaten 

vor Therapiebeginn.

MRI prior 
to 3rd 

infusion

(FDA-Empfehlung vom 28.08.2025)
(Rote Hand Brief vom 26.09.2025)
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may be facilitated by unique orders for each. Specific orders for
the baseline/enrollment evaluation, asymptomatic ARIA moni-
toring, and symptomatic patients receiving anti-amyloid immu-
notherapy may be considered and linked to distinct imaging
protocols and reporting templates.

For AD therapeutics baseline/enrollment evaluation, the order
may trigger the examination code MRI brain dementia without
IV contrast with the examination indication “AD therapeutics
enrollment.” Using the same imaging protocols for the indication
AD therapeutics enrollment and for the standard “dementia
evaluation” may reduce the need for repeat imaging at the time
of the baseline evaluation, before the initiation of anti-amyloid
immunotherapy.

An “AD therapeutics/ARIA monitoring” order may trigger an
examination code MRI brain without IV contrast with the indica-
tion “AD therapeutics monitoring.” For monitoring, an order
specific to AD therapeutics could serve to indicate that the dedi-
cated imaging protocol should be performed and, via examina-
tion indication, also alert the radiologist to the purpose of the
examination. Ideally, the date of treatment initiation should be
included in the clinical indication for each monitoring brain MRI
to facilitate appropriate comparison with the baseline and most
recent prior examinations.

For symptomatic patients on anti-amyloid immunotherapy,
the AD therapeutics/ARIA monitoring order may be used, with
additional sequences based on the clinical presentation. The ex-
amination indication will be particularly important when patients
on treatment are being evaluated for new symptoms, for which
the context of anti-amyloid immunotherapy is critical to distin-
guishing probable ARIA from radiologic mimics.

Field Strength
FDA labels do not specify a field strength for brain MRI examina-
tions to monitor for ARIA. Clinical trial imaging has been largely
performed at 3T, with imaging at 1.5T for a subset of sites and
patients, 1.5T being the lowest field strength used in trials. Use of
a lower field strength may result in underdiagnosis of ARIA-H
because the effects of the magnetic susceptibility are proportional

with field strength.28 Practitioners should be aware that micro-
hemorrhages may only variably be detected on lower-field-
strength scanners (eg, !0.5T or open scanners) and are not
visible on current ultra-low-field scanners (eg, 0.06T). In sum-
mary, our recommendation for scanner field strength in AD
therapeutics imaging is unchanged: 3T is recommended, 1.5T
and greater is adequate, and less than 1.5T is inadequate. To
increase the overall capacity and meet growing demand for
MRI, further research regarding the detection of ARIA with
lower field strengths would be helpful.

Standardization
Standardized imaging is important in ARIA evaluations because
it facilitates the use of standardized assessment and treatment cri-
teria and the ability to compare findings among serial MRI
examinations in an individual patient. Ideally, a patient would be
imaged with the same field strength, vendor, and scanner model,
using the same sequences and sequence parameters across serial
examinations (Fig 2). However, that level of consistency is typi-
cally not feasible in clinical practice, given that a patient may not
be imaged at the same imaging center across serial visits, and
even at a single imaging center, there may be a diverse assortment
of MRI scanners. Imaging using the same MR vendor is impor-
tant to prevent ARIA-E mimics due to the differential appearance
of white matter hyperintensities among vendors.21 Imaging at
the same field strength is more important for ARIA-H detec-
tion, given that the sensitivity for detecting heme products is
proportional with magnetic field strength. The use of harmon-
ized protocols (similar sequences and sequence parameters)
across the scanners in a practice would standardize evaluation
regardless of the scanner used.

To facilitate standardization, the ASNR has collaborated with
GE HealthCare, Philips Healthcare, and Siemens to create standar-
dized T2 FLAIR, T2* GRE, and DWI ARIA consensus protocols
that can be directly imported into scanners through established
vendor support. Each vendor has developed protocols based on
the above recommendations and those provided in the prior publi-
cation by Cogswell et al21 (eg, 2D slice thickness of 4 mm) and

Summary of recommendations based on 3 patient scenarios

Baseline/Enrollment Evaluation Asymptomatic Monitoring Symptomatic Patient on Therapy
Order MRI brain dementia without IV

contrast
(indication: AD therapy
enrollment)

MRI brain without IV contrast
(indication: AD therapy
monitoring)

MRI brain without (and with) IV
contrast

(indication: AD therapy, new
symptoms)

Protocol AD therapy enrollment AD therapy monitoring AD therapy monitoring
Minimum sequences 2D or 3D T2 FLAIR

GREa 6 SWI
DWI
3D T1
T2 FSE

2D or 3D T2 FLAIR
GREa 6 SWI
DWI

2D or 3D T2 FLAIR
GREa 6 SWI
DWI
6 additional sequences

Reporting template AD therapy enrollment AD therapy monitoring AD therapy monitoring
Key findings Microhemorrhages

Siderosis
White matter hyperintensities
Infarcts

ARIA-E (edema, effusion)
ARIA-H (new microhemorrhages,
siderosis)

ARIA-E
ARIA-H
Other acute findings

Recommended
communication

Standard reporting Mild ARIA: notification required
Moderate or severe ARIA:
closed-loop communication

a GRE must be performed with an appropriate T: 3T TE ¼ 15–20 ms, 1.5T TE ¼ 25–35 ms.

28 Cogswell Jan 2025 www.ajnr.org



AAT |  (Inkomplette) Auswahl der Kriterien zur Patientenselektion

Einschlusskriterien

Diagnose Kognitive Defizite infolge Alzheimer-Krankheit

Klinischer Schweregrad MCI oder leichtgradige Demenz (Stadium 3-4 des Alzheimer-Kontinuums)

Biomarker-Nachweis Amyloid-PET | CSF

Ausschlusskriterien

Co-Morbidität (1) Andere Krankheiten (medizinisch, neurologisch, psychiatrisch) ursächlich für kognitive Defizite

Co-Morbidität (2) Andere Krankheiten/Medikation, die mit der Therapie interferieren könnten

Schlaganfall / Epilepsie Schlaganfall innerhalb der letzten 12 Monate oder epilepetischer Anfall

OAK & Blutungsrisiko Marcumar | DOAKs | Thrombozyten <50.000/µl | INR >1,5 | (Thrombolyse unter Therapie)

cMRT >4 Mikroblutungen | ≥1 Makroblutung | ≥1 superfizielle Siderose | Leukencephalopathie Fazekas 3

APOE-Genotyp APOE-e4 homozygot



APOE-Genotyp

Yamazaki et al. Nat Rev Neurol. 2019 Sep;15(9):501-518

systems that the two groups used. Furthermore, Shi et al. 
measured tau- mediated neurodegeneration, whereas 
Zhao et al. focused on tau pathology.

In addition to the findings from mouse models, human  
iPSC- derived APOE*ε4-expressing neurons have higher 
levels of tau phosphorylation than neurons expressing 
APOE*ε3 (REF.113). Taken together, these results suggest 
that APOE influences tau pathology and tau- mediated 
neuronal toxicity in an isoform- dependent manner. 
Understanding the relevance of these findings to dif-
ferent neurodegenerative diseases with tauopathy as 
either a primary pathology or a concurrent pathology 
will require further studies using models that are more 
relevant to the specific disease conditions.

APOE*ε4 is also a genetic risk factor for DLB13–15 
and PDD15–18. These conditions are both classified as  
synucleinopathies, a spectrum of neurodegenerative dis-
orders that also includes Parkinson disease128,129 and is 
characterized by the presence of hallmark accumulations 
of α- synuclein, termed ‘Lewy bodies’, within neuronal 
cell bodies130,131. Patients with DLB or PDD often have 
some degree of concomitant AD- type pathology132,133, 
and 30–40% of individuals with AD also present 
with Lewy bodies134. Therefore, determining whether 
APOE*ε4 contributes to α- synuclein pathology through 
an Aβ- dependent mechanism, similar to that proposed 
for tau pathology in the amyloid cascade hypothesis135, 
or through an Aβ- independent mechanism136 remains 
challenging. However, a study published in 2018 demon-
strated that in individuals with Lewy body disease, 
APOE*ε4 was associated with increased α- synuclein 
pathology irrespective of the degree of AD pathol-
ogy137, suggesting that APOE*ε4 impacts the severity of  
α- synuclein pathology independently of tau and Aβ.  
Of note, the gene encoding LDLR- related protein 10, 
which is thought to play a role in the metabolism of 
APOE lipoproteins138 and the trafficking of APP139, is 
associated with the development of inherited forms of 
DLB and Parkinson disease140.

APOE*ε4 might also directly increase the risk of 
TDP43 pathology in the brains of people with AD. TDP43  
proteinopathy is a core pathological hallmark of amyo-
trophic lateral sclerosis and of frontotemporal lobar 
degeneration with TDP43 pathology141, and often coex-
ists with AD pathology. Of note, APOE*ε4 is associated 

with the presence of comorbid TDP43 proteinopathy in 
the brains of individuals with AD19, as well as the sever-
ity of TDP43 proteinopathy, even after adjustment for 
the presence of Aβ, tau and Lewy body pathologies21. 
These observations suggest that a direct association 
between APOE*ε4 and TDP43 proteinopathy exists in 
AD. A study published in 2018 confirmed that APOE*ε4 
is associated with TDP43 pathology independently of Aβ 
in the brains of individuals with AD20.

In summary, APOE allele- specific effects on tau and 
α- synuclein proteinopathies, and on TDP43 pathology 
in the brains of individuals with AD, have been identi-
fied; however, the relevance of these findings to AD risk 
and disease progression is currently unclear. Further 
studies addressing the associations between APOE iso-
forms and these pathogenic proteins, using a model that 
reflects disease- specific conditions, should increase our 
understanding of APOE pathobiology within the context 
of AD.

Neuroinflammation. Evidence suggests that APOE 
has an important role in regulating the innate immune 
response to amyloid pathology and neurodegeneration. 
Microglia play a central role in the immune response 
in the brain, highlighted by the abundant reactive 
microgliosis surrounding Aβ plaques in post- mortem 
brain tissue from individuals with AD142. These disease- 
associated microglia (DAM)143–145, also referred to as a 
‘microglial neurodegenerative phenotype’146, have a con-
served transcriptional signature across mouse models 
of AD. APOE is among these DAM- associated genes, as 
APOE expression by microglia is upregulated in asso-
ciation with ageing and amyloid and tau pathology14.  
By contrast, APOE deficiency diminishes the DAM 
signature in AD mouse models146,147, highlighting the 
crucial role of APOE in regulating DAM phenotypes.

The various APOE isoforms seem to modulate 
microglial functions differently in AD pathogenesis148. 
Human iPSC- derived microglia- like cells carrying 
APOE*ε4 exhibit altered morphologies and reduced 
levels of Aβ phagocytosis when compared with those 
carrying APOE*ε3 (REF.94). APOE4 also increases 
microglial reactivity against Aβ plaques in a mouse 
model of amyloid pathology149. Furthermore, APOE4 
boosts microglial proinflammatory activation and 

Table 2 | APOE genotype, AD risk and amyloid- β deposition

APOE 
genotype

Frequency in 
cognitively healthy 
individuals (%)286

Frequency in patients 
with AD (%)286

Odds ratio for AD 
development9

Odds ratio for amyloid  
positivity at 70 years of age85

Cognitively 
healthy

Mild cognitive 
impairment

APOE*ε2/ε2 0.7 0.3 0.56 NA NA

APOE*ε2/ε3 11.0 4.6 0.56 0.34 0.59

APOE*ε3/ε3 62.3 34.3 1.00 1.00 1.00

APOE*ε2/ε4 1.9 2.6 2.64 4.29 2.38

APOE*ε3/ε4 22.2 43.4 3.63 2.94 3.52

APOE*ε4/ε4 1.9 14.8 14.49 18.76 14.50
Carrying one or two APOE*ε4 alleles increases the odds ratio for Alzheimer disease (AD) development 3–4-fold or 9–15-fold, respectively, 
regardless of the presence of APOE*ε2 or APOE*ε3 (REFS6,8,9). The pattern of estimated probabilities of amyloid positivity for the different 
APOE genotypes85 is similar to that of the risk of AD. NA, not available.
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Der häufigste APOE-Genotyp (APOE ε3/ε3): 62 % der kognitiv gesunden Menschen.

APOE ε4/ε4:
• ca. 2 % der kognitiv gesunden Menschen.
• ca. 15 % der Patienten mit Alzheimer-Krankheit.

data from: Alzgene. Meta-analysis of all published AD association studies (case-control only)
APOE_E2/3/4. Alzgene http://www.alzgene.org/Meta.asp?GeneID=83 (2010).
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advice. The investigators concluded that the intervention 
was not targeted enough or intense enough. The SMARRT 
trial assessed personalised risk reduction goals (172 adults 
aged 70–89 years) over 2 years via health coaching and 
nurse visitors. The intervention led to an improvement on 
the composite cognitive score (average treatment effect of 
standard deviation 0·14, 95% CI 0·03–0·25), a 74% 
improvement compared with the health education control, 
which included information on demenita risk reduction.287

A systematic review and meta-analysis of multidomain 
interventions for MCI found 28 RCTs of non-
pharmacological multidomain interventions lasting up to 
1 year in older adults with MCI (n=2711) and a moderate 
effect on global cognition (standardised mean difference 
0·41, 95% CI 0·23–0·59; I²=62%), with improvements in 
executive function and memory compared with a single 
intervention active control.288 The authors considered 
reasons for the heterogeneity, including that some studies 
were under powered, but could not draw firm conclusions. 
One smaller systematic review of lifestyle RCTs in people 
with MCI found only three small RCTs (n=156) and 
reported a significant benefit for cognition with low 
heterogeneity.289

Studies have often recruited participants based on high 
cardiovascular risk.281 A systematic review reported that 
the 10-year dementia risk for individuals eligible for four 
large-scale trials of multidomain (ie, two or more 
domains) interventions240,281,282,284,290 was similar to that for 
those who were deemed ineligible; thus future trials 
might need to improve accuracy of identifying people at 
increased dementia risk.291

Some studies have used strategies to boost efficacy of 
and adherence to interventions, including intervention 
coaches to support behaviour change, digitally delivered 
personalised and scalable self-management inter-
ventions, and targeting people of lower socioeconomic 
status and people in LMICs.241,292–295 These studies should 
clarify whether the cognitive benefits reported in existing 
trials can be replicated or increased and whether the 
multidomain interventions are likely to be scalable and 
clinically significant in preventing dementia. It is 
currently unclear whether the cognitive benefits 
identified are sustainable after intervention cessation, 
whether they translate into a reduction in dementia 
incidence, or whether they can be implemented with 
similar adherence and effectiveness in low-income 
settings and populations at high risk.

A review of multidomain intervention trials for 
dementia prevention found that only 26 (62%) of 
42 studies reported any ethnicity data and, in those, 
individuals from non-White, minority ethnic groups 
accounted for only a small proportion of participants.296 
White race was reported in 23 trials, Black or African 
American ethnicity was reported in 15 trials, Asian 
ethnicity was reported in six trials, American Indian or 
Alaska Native ethnicities were reported in three trials, and 
Hawaii Native or Pacific Islander ethnicities were reported 

in one trial. The FINGERS study240 did not report ethnicity 
or dementia incidence but reported that the effects of the 
intervention on cognitive function were the same across 
socioeconomic categories (albeit within a fairly affluent 
cohort). All but 61 (2%) of 2700 participants in the HATICE 
study (ie, an internet-based, coach-supported, goal-setting 
approach) were White.282 Results were not disaggregated 
by ethnicity, but the effect of the intervention was greatest 
in people with the lowest baseline educational attainment.

Overall, even interventions with modest effects could 
theoretically have substantial preventive effects at the 
population level, including for people who are less 
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Figure 9: Population attributable fraction of potentially modifiable risk factors for dementia
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