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Summary
Background As individuals with Down syndrome age, they face high risks of Alzheimer’s disease and epilepsy. With 
symptomatic Alzheimer’s disease, late-onset myoclonic epilepsy in Down syndrome (LOMEDS) often emerges. We 
aimed to examine how epilepsy develops in Down syndrome, its timing relative to Alzheimer’s disease symptom 
onset, and its effect on prognosis.

Methods We conducted a multicentre, observational, longitudinal study across seven international cohorts with an 
aggregate observation window from Oct 24, 2012, to July 28, 2025. We included adults with Down syndrome aged at 
least 18 years and with at least one longitudinal clinical assessment. Alzheimer’s disease staging was done by clinical 
consensus. Active epilepsy required an epilepsy diagnosis plus ongoing antiseizure medication or at least one seizure 
within the past 5 years. We analysed active epilepsy prevalence, incidence and cumulative incidence, its timing with 
respect to symptomatic Alzheimer’s disease, and its effect on survival and cognitive trajectories as well as electro
encephalogram (EEG) abnormalities.

Findings We included 4804 adults with Down syndrome (mean age 43 years [SD 13]): 3238 (67·4%) were cognitively 
stable, 267 (5·6%) had non-degenerative cognitive decline, 321 (6·7%) had prodromal Alzheimer’s disease, and 
978 (20·3%) had Alzheimer’s disease dementia. Intellectual disability was mild in 1020 (24·6%) participants, moderate 
in 2352 (56·7%), and severe to profound in 779 (18·8%). Active epilepsy prevalence was 145·2 per 1000 adults with 
Down syndrome overall but significantly increased with age, particularly with symptomatic Alzheimer’s disease, when 
epilepsy manifested mostly as myoclonic or tonic-clonic seizures. Cumulative incidence of epilepsy increased linearly 
after symptomatic Alzheimer’s disease, from 9·5% (95% CI 7·8–11·3) at diagnosis to 56·9% (51·7–61·7) after 9 years. 
Risk of epilepsy increased with time since Alzheimer’s disease diagnosis (adjusted odds ratio 1·33 per year [95% CI 
1·22–1·45]; p<0·0001), severe-to-profound intellectual disability (2·14 per year [1·25–3·70]; p=0·0057), and APOE ε4 
carriership (1·61 per year [1·04–2·49]; p=0·034), independent of age. LOMEDS was associated with increased mortality 
(hazard ratio 2·10 [95% CI 1·57–2·82]; p<0·0001), and faster cognitive decline. Interictal EEG abnormalities showed 
little diagnostic utility.

Interpretation Epilepsy increases sharply after symptomatic Alzheimer’s disease onset in people with Down syndrome. 
The association of epilepsy with reduced survival and accelerated cognitive decline underscores the need for targeted 
preventive and therapeutic strategies against Alzheimer’s disease-related epileptogenesis and hyperexcitability.
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Introduction
Epilepsy and dementia rank among the leading 
neurological disorders worldwide.1 These two conditions 
are increasingly being studied for their intersection, as 
evidence suggests epilepsy in older people is frequently 
associated with neurodegeneration and dementia, 
particularly Alzheimer’s disease.2–4 Literature on indiv­
iduals with sporadic and autosomal-dominant forms of 
Alzheimer’s disease5,6 shows higher rates of epilepsy 
than in the general population, which has been 

associated with faster cognitive decline and higher 
mortality risk.7

Down syndrome is the commonest genetic cause of 
intellectual disability. Individuals with Down syndrome 
also represent the largest genetically determined 
Alzheimer’s disease population, due to APP gene 
triplication on chromosome 21, with near-universal 
neuropathology by age 40 years and a lifetime risk of 
dementia greater than 90%.8 Early series reported overall 
epilepsy prevalences of 5·5%9,10 in people with Down 
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syndrome, higher than in the general population, but 
lower than in other forms of intellectual disability;11 
nonetheless, these studies included few individuals older 
than 50 years. When looking at older groups, smaller 
cohort studies show a sharp age-related increase in 
epilepsy prevalence, from 15% at a mean age of 42 years 
to 46% after 50 years, and up to 84–100% among those 
with symptomatic Alzheimer’s disease.12–14 This late, 
Alzheimer’s disease-related epilepsy typically presents 
with tonic-clonic and myoclonic seizures, termed late-
onset myoclonic epilepsy in Down syndrome 
(LOMEDS).15–17 Yet, growing evidence suggests that 
neuronal hyperexcitability might emerge in early stages 
of Alzheimer’s disease,18,19 making the systematic study of 
the natural history of LOMEDS, including its precise 
temporal relationship with the emergence of sympt­
omatic Alzheimer’s disease, its effect on cognitive 
trajectory, and its implications for survival, both timely 

and largely unaddressed. Previous characterisations of 
LOMEDS have relied predominantly on cross-sectional 
data from small studies, leaving these questions open. 
We believe that filling this gap is essential to understand 
the bidirectional relationship between epilepsy and 
Alzheimer’s disease, to clarify implications of epilepsy 
for individuals with Down syndrome, and to inform the 
design of future therapeutic interventions.

Our objectives were to (1) estimate age-specific 
prevalence and incidence of epilepsy; (2) characterise 
empirically the timing and seizure semiology of 
new-onset epilepsy in relation to symptomatic 
Alzheimer’s disease onset and its accordance to previous 
descriptions of LOMEDS; (3) identify predictors of 
LOMEDS in symptomatic Alzheimer’s disease; 
(4) examine effects on survival and cognitive trajectories; 
and (5) assess the diagnostic value of electro­
encephalogram (EEG) abnormalities.

Research in context

Evidence before this study
We searched MEDLINE (PubMed; from inception to 
Oct 1, 2025); abstracts from the International League Against 
Epilepsy, the Alzheimer’s Association, and Trisomy 21 Research 
Society; hand searched reference lists; and performed forward 
citation tracking. No language limits were applied; non-English 
articles were translated as needed. Search terms combined 
controlled vocabulary and free text for three concepts: 
population (“Down syndrome”, “Down’s syndrome”, 
“trisomy 21”; epilepsy (“epilepsy”, “seizure*”, “myoclon*”, “late-
onset myoclonic epilepsy of Down syndrome”, “LOMEDS”), and 
epidemiology or clinical impact (“prevalence”, “incidence”, 
“risk”, “age of onset”, “hazard*”, “survival”, “mortality”, 
“cognit*”, “functional decline”), with Alzheimer’s modifiers 
(“Alzheimer*”, “dementia”, “amyloid”, “Down syndrome–
associated Alzheimer*”, “DSAD”). We included observational 
studies reporting epilepsy prevalence, incidence, or age-specific 
risk in adults with Down syndrome; studies on the temporal 
relation between symptomatic Alzheimer’s disease and 
epilepsy; and studies reporting clinical consequences. We 
excluded single case reports or series (<10 participants) and 
paediatric-only reports.

Previous work suggested a high overall epilepsy burden with a 
late-adult peak, but was constrained by small samples, few 
older adults, and non-standard Alzheimer’s disease 
ascertainment. Consequently, the nature and timing of epilepsy 
relative to Alzheimer’s disease, its clinical and prognostic effect, 
and its potential as a disease activity marker or therapeutic 
target remain unclear.

Added value of this study
We report the largest multicentre characterisation of adult 
epilepsy in Down syndrome (n=4804), with standardised 
symptomatic Alzheimer’s disease assessment (n=1299 with 
symptomatic Alzheimer’s disease), spanning the full adult life 

course using time-to-event analyses. We deliver granular, age-
specific, and Alzheimer’s disease-specific estimates of epilepsy 
burden and the timing of seizure emergence.

We show that while baseline epilepsy burden in early adulthood 
is higher than in the general population, it rises sharply with 
symptomatic Alzheimer’s disease when late-onset myoclonic 
epilepsy in Down syndrome (LOMEDS) emerges. LOMEDS is 
driven by time since Alzheimer’s disease symptom onset rather 
than chronological age and predicts worse cognition and earlier 
mortality (hazard ratio 2·10 [95% CI 1·57–2·82]). Scalp electro
encephalography has low diagnostic accuracy (area under the 
curve 0·57).

Implications of all the available evidence
This study establishes LOMEDS as a dominant, clinically 
distinctive, and prognostically meaningful comorbidity of 
Alzheimer’s disease in Down syndrome. The tight temporal 
coupling to symptomatic onset, characteristic semiology, and 
strong associations with survival and cognitive decline identify 
LOMEDS as both a marker of disease activity and a potentially 
modifiable mediator of progression. Clinically, adult Down 
syndrome services should implement systematic seizure 
surveillance across adulthood and adopt age-specific and 
Alzheimer’s disease stage-informed management pathways. 
Scientifically, the findings extend evidence from sporadic and 
autosomal-dominant Alzheimer’s disease and position Down 
syndrome-associated Alzheimer’s disease as a uniquely 
informative model of Alzheimer’s disease-related 
epileptogenesis. Our findings offer concrete parameters for trial 
design (enrichment around the Alzheimer’s disease clinical 
transition and seizure-related endpoints) and should encourage 
prospective, biomarker-integrated cohort studies to detect 
network hyperexcitability before overt seizures and test targeted 
anti-hyperexcitability interventions, transforming a high-risk 
marker into a targetable pathway for disease modification.
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Methods
Study design
We conducted a prospective, multicentre, observational, 
longitudinal study of adults (aged ≥18 years) with 
Down syndrome, pooling harmonised variables from 
seven clinical cohorts with an aggregate observation 
window from Oct 24, 2012, to July 28, 2025. The cohorts 
were DABNI (Barcelona, Spain), AD21 Munich (Munich, 
Germany), IDSTILDA and AVISTA (Ireland), Institut 
Jérôme Lejeune (Paris, France), DS-BAI (Donostia, 
Spain), and HLP (Madrid, Spain; appendix pp 1–2).

Participants and procedures
All patients included were seen within specialist Down 
syndrome clinics and received equivalent structured 
follow-up. Information was collected from participants 
and their caregivers on demographics (including self-
reported sex), co-occurring medical conditions, and 
regular medications including antiseizure medication. 
Race and ethnicity data were not systematically collected 
across all seven cohorts included in this study. Following 
clinical examination and neuropsychological review, we 
assigned intellectual disability level (mild, moderate, or 
severe–profound).

We did cognitive staging at each visit during follow-up 
by clinical consensus using a harmonised taxonomy: 
(1) cognitively stable (ie, no clinical or neuropsychological 
suspicion of Alzheimer’s disease-related cognitive 
decline), (2) prodromal Alzheimer’s disease (ie, evidence 
of cognitive decline due to Alzheimer’s disease, but no 
significant effect on baseline activities of daily living), 
(3) Alzheimer’s disease dementia (ie, when the cognitive 
decline impaired daily activities), and (4) uncertain or 
non-neurodegenerative cognitive decline (ie, when there 
were medical, pharmacological, or psychiatric conditions 
interfering with cognition or daily activities, but no 
suspicion of neurodegenerative origin). The first medical 
record noting a cognitive status of prodromal Alzheimer’s 
disease or Alzheimer’s disease dementia for each patient 
was taken as the date of Alzheimer’s disease diagnosis 
and is referred to hereon as Alzheimer’s disease 
diagnosis. Of note, because Alzheimer’s disease diagnosis 
dates often lag behind symptom onset and visits typically 
occur annually, we defined a symptomatic Alzheimer’s 
disease window starting 1 year before the recorded 
diagnosis and extending to the end of follow-up. This 
window was applied uniformly across all cohorts. 
Sensitivity analyses using alternative windows (6 months, 
2 years, and 3 years before diagnosis) as well as full 
operational definitions and detailed justification of the 
1-year threshold are provided in the appendix (pp 2, 5–7). 
Across cohorts, the clinical diagnoses followed a 
standardised workflow of independent masked 
neurological and neuropsychological assessments with 
consensus review, informed by routine laboratory tests 
and neuroimaging but masked to Alzheimer’s disease 
biomarkers. All contributing cohorts are members of the 

Horizon21 consortium, an international network 
established to harmonise diagnostic procedures and 
define common criteria for Alzheimer’s disease diagnosis 
in Down syndrome across sites. Where available, adults 
with Down syndrome also underwent a specific 
longitudinal neuropsychological assessment, using the 
Cambridge Cognitive Examination for Older Adults with 
Down Syndrome (CAMCOG-DS20), to evaluate global 
cognition.

Epilepsy was defined at visits according to the 
International League Against Epilepsy (ILAE) criteria 
(≥2 unprovoked seizures >24 h apart, or one unprovoked 
seizure with ≥60% 10-year recurrence risk, or an epilepsy 
syndrome diagnosis).21 Active epilepsy at last visit required 
diagnosis of epilepsy with ongoing antiseizure medication 
use or at least one unprovoked seizure within the previous 
5 years. Childhood-onset epilepsy did not preclude 
inclusion in the prevalence analyses; individuals with 
childhood-onset epilepsy contributed to adult active 
epilepsy prevalence estimates if they still met criteria for 
active epilepsy in adulthood;22 however, adults with active 
epilepsy already present in childhood were excluded from 
the adult-incidence of new epilepsy analyses. We excluded 
from active-epilepsy definitions any acute symptomatic 
seizure secondary to structural lesions, fever, or other 
precipitants (ie, acute symptomatic). When available, we 
ascertained first seizure dates and semiology from 
caregiver and medical records, mapping semiology to 
the ILAE classification.21 We operationalised LOMEDS 
as epilepsy arising in parallel with the predefined 
symptomatic Alzheimer’s disease window—ie, any active 
epilepsy with onset from 1 year before the recorded 
Alzheimer’s disease diagnosis date and thereafter. We 
applied no age or semiology restrictions, intentionally 
using a broad Alzheimer’s disease-related epilepsy 
umbrella to enable reappraisal of the term. The 1-year 
threshold was supported by a change-point analysis 
identifying a marked acceleration in first seizure incidence 
beginning approximately 1 year before the formal 
Alzheimer’s disease diagnosis (figure 1; appendix p 4) as 
well as a piecewise linear regression (appendix p 5). 
Sensitivity analyses using alternative windows (6 months, 
2 years, and 3 years before diagnosis) as well as full 
operational definitions and detailed justification of the 
1-year threshold are provided in the appendix (pp 2–7). 
Standardised research EEGs (10–20 montage, hyper­
ventilation, intermittent photic stimulation, ≥20 min to 
30 min) were offered to participants with and without 
epilepsy, including longitudinal assessments and read by 
masked epileptologists. Qualitative review captured 
interictal epileptiform discharges (IEDs) and background 
abnormalities. APOE genotyping was available for 
1468 individuals of the DABNI, IJL, and HLP cohorts 
(representing 30·6% of the whole sample), and 
553 (42·6%) of 1299 in the symptomatic subsample 
(prodromal Alzheimer’s disease or Alzheimer’s disease 
dementia) in which all APOE analyses were done.
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Obstructive sleep apnoea was assessed only in cohorts 
that collected such data (IJL, DABNI, DS-BAI, and HLP) 
and was coded as either present or absent: “present” 
required polysomnography or polygraphy confirmation 
and “absent” reflected a negative test or no test when 
there was no clinical suspicion.

Mortality data were available for all cohorts except 
AD21 Munich.

All cohorts obtained local ethics approval and informed 
consent or assent with legally authorised representatives 
as appropriate. Data were de-identified before pooling; 
analyses used coded identifiers and secure transfers.

Statistical analysis
To characterise the epidemiology of epilepsy across the 
adult lifespan in Down syndrome and its relationship to 
symptomatic Alzheimer’s disease, we estimated the age-
specific prevalence of active epilepsy and the incidence 
and cumulative incidence of a first epileptic seizure 
across age and along the Alzheimer’s disease continuum.

Active epilepsy prevalence was estimated by 5-year age 
bands (18–24 years to ≥60 years) per stratum by cognitive 
status assigned at last visit with exact binomial 
(Clopper–Pearson) 95% CIs. We estimated the incidence 
of first epileptic seizures per 1000 person-years, 
excluding individuals whose first seizure occurred 
before age 18 years. Person-time was split into single-
year age bands aligning each participant’s data with 
integer ages. Analyses were stratified into (1) all adults 
(aged ≥18 years); (2) symptomatic participants, from 
1 year before Alzheimer’s disease diagnosis onwards; 
and (3) asymptomatic individuals, from age 18 years up 
to the cutoff or censoring. Rates were reported with 
exact Poisson 95% CIs. To characterise the temporal 
relationship between seizure onset and Alzheimer’s 
disease diagnosis, we did a Poisson-based change-point 
analysis of first seizure incidence using annual intervals 
from 10 years before to 10 years after the recorded 
Alzheimer’s disease diagnosis date, with the most distal 
interval (−10 years to −9 years) as reference.

Figure 1: Epilepsy across the adult Down syndrome lifespan
(A) Cross-sectional age-specific prevalence of active epilepsy at last visit, per 1000 individuals with Down syndrome with exact Clopper–Pearson 95% CIs by age group. 
Symptomatic Alzheimer’s disease includes prodromal or dementia-stage Alzheimer’s disease at last visit; asymptomatic includes cognitively stable or uncertain 
non-neurodegenerative. (B) Incidence rate of first seizure per 1000 person-years by age group with exact Poisson 95% CIs. Symptomatic Alzheimer’s disease includes 
participants whose first seizure occurred from 1 year before Alzheimer’s disease diagnosis onwards; asymptomatic includes participants whose first seizure occurred 
more than 1 year before Alzheimer’s disease diagnosis or in individuals never diagnosed with Alzheimer’s disease. (C) Kaplan–Meier cumulative risk of first seizure from 
age 18 years. All indicates complete follow-up; asymptomatic includes participants censored from 1 year before Alzheimer’s disease diagnosis onwards or end of follow-
up if no Alzheimer’s disease diagnosis. (D) Change-point analysis of first seizure incidence using annual intervals from −10 years to +10 years relative to Alzheimer’s 
disease diagnosis; reference interval −10 years to – 9 years; red points indicate p<0·05 versus reference; blue dotted line marks the operative threshold of 1 year before 
Alzheimer’s disease diagnosis onwards; points are omitted when fewer than 20 person-years at risk and CIs are omitted when fewer than 20 events are recorded. 
Shaded areas and error bars show 95% CIs.
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Cumulative incidence was estimated using Kaplan–
Meier (1–S) with 95% CIs for lifetime risk in the overall 
adult population and in asymptomatic-only individuals. 
For symptomatic individuals (Alzheimer’s disease–1 
window), cumulative incidence of first seizure was 
estimated using the Aalen–Johansen estimator, treating 
death as a competing event, to account for the substantial 
mortality observed in this population. Kaplan–Meier 
estimates are additionally presented by seizure type 
within the symptomatic window for descriptive purposes. 
Additionally, we estimated the cumulative probability of 
a subsequent generalised tonic-clonic seizure using 
Kaplan–Meier (1–S) among those individuals whose first 
recorded post-Alzheimer’s disease seizure was general­
ised myoclonic. To explore seizure timing relative to age 
at Alzheimer’s disease diagnosis, we calculated first-
seizure incidence (per 1000 person-years) in annual bins 
from −1 year to +10 years around diagnosis, stratified by 
age at Alzheimer’s disease onset (<50 years, 50–60 years, 
>60 years), with exact Poisson 95% CIs.

To identify predictors of active epilepsy in symptomatic 
Alzheimer’s disease, we did univariable and multivariable 
logistic regression. The multivariable model was fitted on 
complete cases and included sex, age at visit, intellectual 
disability level, time since Alzheimer’s disease diagnosis, 
obstructive sleep apnoea, and APOE ε4 and ε2 carrier 
status (defined as ε3ε4/ε4ε4 and ε2ε2/ε2ε3, respectively; 
ε2ε4 heterozygotes were analysed separately; appendix 
p 8). To model time to first seizure onset as a longitudinal 
outcome, we ran univariable and multivariable Fine–Gray 
competing risks regression on complete cases, initiating 
follow-up 1 year before Alzheimer’s disease diagnosis, 
with death as a competing event and the same covariates. 

Odds ratios (ORs) and subdistribution hazard ratios (HRs) 
are displayed on a log scale. To assess the effect of 
LOMEDS on survival and cognitive trajectories, we 
modelled survival since the Alzheimer’s disease diagnosis 
using a time-dependent Cox model (counting-process 
form), coding LOMEDS as 0 before onset and 1 thereafter, 
with onset estimates at 2 years, 4 years, and 6 years 
following Alzheimer’s disease diagnosis. We did survival 
analyses in six of the seven participating cohorts with 
mortality data (all except AD21 Munich). Non-proportional 
hazards were addressed by allowing the latency effect to 
vary over time through an interaction with log(time 
since diagnosis). Cluster-robust SEs were computed 
by participant identification. Cognitive trajectories 
(CAMCOG-DS) were modelled with linear mixed-effects 
broken-stick models centred on LOMEDS onset.

Finally, we assessed EEG-derived features as candidate 
biomarkers of LOMEDS. Each available EEG was 
analysed as an independent observation. We recorded the 
prevalence of EEG-derived features, stratified by cognitive 
stage and epilepsy status, and analysed their diagnostic 
performance by constructing receiver operating charac­
teristic curves and areas under the curve (AUCs).

All analyses were done in R (version 4.4.2); key 
packages included survival for Kaplan–Meier and 
Kaplan–Meier and time-dependent Cox models, lme4 
with lmerTest for linear mixed-effects models, and 
ggplot2 for graphics (appendix p 21).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Overall (n=4804) Cognitively stable 
(n=3238)

Non-
neurodegenerative 
cognitive decline 
(n=267)

Prodromal 
Alzheimer’s 
disease (n=321)

Alzheimer’s 
disease dementia 
(n=978)

p value q value Effect size

Age at visit, years 44·42 
(32·42–54·19)

37·31 
(28·42–46·34)

48·89 
(39·71–54·72)

54·67 
(51·75–58·78)

57·37 
(53·08–61·18)

<0·0001 <0·0001 η²=0·424

Sex

Male 2489/4804 (52%) 1740/3238 (54%) 144/267 (54%) 172/321 (54%) 433/978 (44%) <0·0001 <0·0001 V=0·077

Female 2315/4804 (48%) 1498/3238 (46%) 123/267 (46%) 149/321 (46%) 545/978 (56%) ·· ·· ··

Intellectual disability

Mild 1020/4151 (25%) 804/2742 (29%) 22/236 (9%) 57/276 (21%) 137/897 (15%) <0·0001 <0·0001 V=0·135

Moderate 2352/4151 (57%) 1529/2742 (56%) 141/236 (60%) 160/276 (58%) 522/897 (58%) ·· ·· ··

Severe or profound 779/4151 (19%) 409/2742 (15%) 73/236 (31%) 59/276 (21%) 238/897 (27%) ·· ·· ··

Active epilepsy at last visit 699/4804 (15%) 157/3238 (5%) 28/267 (10%) 55/321 (17%) 459/978 (47%) <0·0001 <0·0001 V=0·473

History of febrile seizures 45/1358 (3%) 24/724 (3%) 2/77 (3%) 5/100 (5%) 14/457 (3%) 0·76 >0·99 V=0·028

History of CNS infection 18/1324 (1%) 10/699 (1%) 0 2/97 (2%) 6/451 (1%) 0·75 >0·99 V=0·033

History of traumatic brain injury 24/1324 (2%) 10/698 (1%) 2/76 (3%) 3/97 (3%) 9/453 (2%) 0·41 >0·99 V=0·037

Data are median (IQR) for age and n/N (%) for categorical variables. Demographic and clinical characteristics by cognitive status of all participants (tables stratified by cohort are available in appendix pp 13–16). 
Multiplicity was controlled using Bonferroni-adjusted q-values. Effect sizes are reported for all participants: η² for age at visit (Kruskal–Wallis) and Cramér’s V for categorical variables (interpretation: <0·10 small, 
0·10–0·30 moderate, and >0·30 large). Holm-adjusted pairwise comparisons (Wilcoxon rank-sum for age; Fisher’s exact for binary variables; Fisher’s exact on R×2 for multi-category intellectual disability) for 
variables with q<0·05 are reported in the appendix (p 12). Active epilepsy refers to status at the last visit. 

Table: Participant demographics
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Results
We recruited 4865 adults with Down syndrome, 
of whom 4804 (98·7%) had an available cognitive status 
at last visit and the minimum common dataset, and 
were therefore included for subsequent analysis. The 
median age at last visit was 44 years (IQR 32–54), 
2315 (48%) were female, and 2489 (52%) were male 
(table). 3238 (67·4%) participants were cognitively 
stable, 267 (5·6%) had uncertain or non-neuro­
degenerative cognitive decline, 321 (6·7%) had 
prodromal Alzheimer’s disease, and 978 (20·3%) had 
Alzheimer’s disease dementia. Intellectual disability 
was mild in 1020 (24·6%) participants, moderate in 
2352 (56·7%), and severe or profound in 779 (18·8%). 
Mean overall follow-up per patient was 3·38 years 
(SD 3·11).

Active epilepsy affected 145·2 per 
1000 adults with Down syndrome overall and was strongly 
age dependent, increasing from 39·4 per 1000 at age 
18–24 years to 389·6 per 1000 at age 60 years or older, 
mainly driven by patients with symptomatic Alzheimer’s 
disease (121·2 per 1000 in asymptomatic individuals aged 
≥60 years vs 459·3 per 1000 in symptomatic individuals 
aged ≥60 years; figure 1A). Incidence rates followed 
similar age-related gradients (figure 1B), with an overall 
incidence of 5·07 per 1000 person-years, reaching 
56·4 per 1000 person-years at age 60 years and older, 
again driven by symptomatic individuals (6·9 per 
1000 person-years in asymptomatic individuals aged 
≥60 years vs 109·6 per 1000 person-years in symptomatic 
individuals aged ≥60 years; figure 1B). The cumulative 
risk of epilepsy in all adults with Down syndrome 

Figure 2: Natural history and semiology of epilepsy arising in parallel to symptomatic Alzheimer’s disease (LOMEDS)
All analyses use a symptomatic Alzheimer’s disease window defined as 1 year before Alzheimer’s disease onwards. Time 0 indicates date of Alzheimer’s disease diagnosis and curves are shown until 
fewer than 20 individuals remain at risk (except for panel C). (A) Aalen–Johansen cumulative incidence of first seizure from 1 year before Alzheimer’s disease onwards, treating death as a competing 
event. Numbers at risk refer to individuals entering the symptomatic window without a previous seizure. (B) Kaplan–Meier cumulative risk of first seizure from 1 year before Alzheimer’s disease 
onwards, overall (red) and stratified by seizure type at first event: generalised myoclonic (blue), tonic-clonic (grey), and other (purple). Numbers at risk refer to the overall cohort. (C) Kaplan–Meier 
cumulative probability of progression from a first generalised myoclonic seizure to a generalised tonic-clonic seizure, in treated (orange) and untreated (blue) individuals, with overall curve (dashed). 
Censored when fewer than five individuals remain at risk, given the smaller subset analysed in this panel. (D) Incidence rate of first seizure per 1000 person-years by time interval relative to Alzheimer’s 
disease diagnosis, stratified by age at Alzheimer’s disease diagnosis (<50 years, 50–60 years, >60 years). Points are shown only when at least three events are recorded and CIs when at least ten events. 
LOMEDS=late-onset myoclonic epilepsy in Down syndrome. Shaded areas and error bars show 95% CIs. AD dx=Alzheimer’s disease diagnosis.
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increased steadily: 3·3% at age 40 years (2·7–3·8), 9·7% at 
age 50 years (8·5–10·8), 33·9% at age 60 years 
(31·1–36·7), and 61·3% at age 70 years (54·3–67·2; 
figure 1C). When considering only asymptomatic 
individuals, we also saw an age-dependent increase, but 
to lower levels (12·0% at age 60 years [9·9–14·0]; 
figure 1C). Incidence rates of new-onset seizures 
remained low and stable until a marked acceleration in 
the final pre-diagnostic year (incidence rate ratio 93·9 

vs reference interval [–10 to –9]; p<0·0001; figure 1D; 
appendix p 4).

The cumulative incidence of LOMEDS, estimated using 
the Aalen–Johansen method accounting for competing 
mortality, increased after symptom emergence, 
from 9·5% (95% CI 7·8–11·3) at Alzheimer’s disease 
diagnosis to 56·9% (51·7–61·7) at 9 years post-diagnosis 
(figure 2A). Generalised tonic-clonic and myoclonic 
seizures predominated, with other seizure types being far 
less frequent (figure 2B). Among individuals whose first 
post-symptomatic Alzheimer’s disease seizure was 
myoclonic, the cumulative probability of later generalised 
tonic-clonic seizures differed significantly in participants 
treated with antiseizure medication after the first recorded 
myoclonic seizure (9·6% [95% CI 3·4–15·5] at 1 year, 
15·5% [7·2–23·1] at 2 years, and 18·7% [8·3–27·8] at 
3 years) versus untreated participants (57·9% [39·4–70·7] 
at 1 year, 77·4% [59·1–87·5] at 2 years, and 80·2% 
[62·1–89·7] at 3 years; figure 2C). Incidence rates of first 
seizure showed similar temporal patterns across ages at 
Alzheimer’s disease diagnosis (<50 years, 50–60 years, 
and >60 years; figure 2D). Additional semiology seizure 
classification in asymptomatic and symptomatic 
individuals is provided in the appendix (pp 17–19).

Regarding antiseizure medication at last visit in 
individuals with LOMEDS (n=515), 410 (79·6%) were on 
monotherapy, 84 (16·3%) on dual therapy, 18 (3·5%) on 
polytherapy, and three (0·6%) had no treatment 
recorded. Within monotherapy, the three most common 
agents were levetiracetam (225 [54·9%]), valproate (82 
[19·9%]), and lamotrigine (48 [11·8%]). Among 
individuals with myoclonic seizures (205 [39·8%]), 94 
(45·9%) reported morning predominance and 41 
(20·0%) had falls due to the seizures. Ten (1·9%) 
individuals with known LOMEDS had an epileptic status 
that required hospitalisation and in two cases led to 
death.

In the multivariable complete-case model, time since 
Alzheimer’s disease diagnosis (adjusted OR 1·33 per year 
[95% CI 1·22–1·45]; p<0·0001), severe or profound 
intellectual disability (2·14 [1·25–3·70]; p=0·0057), and 
APOE ε4 carriership (1·61 [1·04–2·49]; p=0·034) were 
independently associated with LOMEDs (figure 3A). In the 
multivariable complete-cases model, severe or profound 
intellectual disability (HR 1·70 [95% CI 1·11–2·58]; 
p=0·014) and APOE ε4 carriership (1·57 [1·13–2·20]; 
p=0·0075) were independently associated with LOMEDs 
(figure 3B; univariable models are shown in the appendix 
p 8). Exploratory analyses of age at Alzheimer’s disease 
diagnosis by seizure timing are presented in the appendix 
(p 12).

LOMEDS was strongly associated with increased 
mortality and faster cognitive decline. In time-
dependent Cox models, LOMEDS was associated with 
increased mortality (HR 2·10 [95% CI 1·57–2·82]; 
p<0·0001), with earlier onset conferring a substantially 
worse prognosis: at 8 years of follow-up, the 

Figure 3: Predictors of active epilepsy in Down syndrome with symptomatic Alzheimer’s disease
(A) Multivariable logistic regression showing adjusted ORs for active epilepsy. (B) Multivariable Fine–Gray 
competing risks model showing adjusted sub-distribution HRs for time to first seizure from 1 year before 
Alzheimer’s disease diagnosis onwards, with death as a competing event. Both models include sex, age at 
Alzheimer’s disease diagnosis (per 1 year), intellectual disability level, time since Alzheimer’s disease diagnosis (per 
1 year), obstructive sleep apnoea, and APOE4 carrier status (ε3ε4 or ε4ε4 vs remainder). Obstructive sleep apnoea 
was coded as positive only when confirmed by polysomnography. Dashed line marks an OR or HR of 1, the x-axis is 
on a log scale, and error bars show 95% CIs. HR=hazard ratio. OR=odds ratio.
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model-estimated HRs compared with no LOMEDS 
were 2·10 (1·57–2·82) for onset at Alzheimer’s disease 
diagnosis, 1·63 (1·22–2·18) for onset at 2 years after 
diagnosis, 1·26 (0·87–1·84) for onset at 4 years, and 
0·98 (0·59–1·63) for onset at 6 years post-diagnosis. 
The association was consistent across all six cohorts 
(I²=8·6%; Q-test p=0·36; appendix p 7) and was robust 
to adjustment for intellectual disability level (adjusted 
HR 2·16 [95% CI 1·60–2·92]; appendix p 8). Cognitive 
trajectories (CAMCOG-DS) from 360 individuals 
(1268 visits) showed a decline of 3·6 points per year 
(95% CI −4·3 to −3·0) in participants with symptomatic 
Alzheimer’s disease without LOMEDS. Following first 
seizure onset, scores dropped abruptly by 7·1 points per 
year (−9·6 to −4·6) and the rate of decline increased by a 
further 4·2 points per year (−6·0 to −2·4), resulting in a 
total post-LOMEDS decline of 7·8 points per year 
(95% CI −9·6 to −6·1; figure 4B). The effect of LOMEDS 
on CAMCOG-DS subdomains is shown in the appendix 
(p 10). Importantly, baseline CAMCOG-DS scores were 
similar between individuals who later developed 
LOMEDS and those who did not (appendix pp 10–11).

In 647 EEGs, IEDs were uncommon without epilepsy 
(7·6% [27/354; 95% CI 4·9–10·4] in asymptomatic 
participants, 4·3% [2/47; 0–10·0] in prodromal 
Alzheimer’s disease, and 8·8% [12/137; 4·0–13·5] in 
Alzheimer’s disease dementia) and higher in those with 
active epilepsy and Alzheimer’s disease dementia (17·4% 
[4/23; 1·9–32·9] in asymptomatic participants, 14·3% 
[1/7; 0–40·2] in prodromal Alzheimer’s disease, and 
24·1% [19/79; 14·6–33·5] in Alzheimer’s disease 
dementia) where IEDs, when morphologically and 
topographically described, were most commonly 
generalised sharp waves (seven [53·8%] of 13) and spike 
waves (six [46·2%] of 13). Background (diffuse) slowing 
increased with clinical severity and was more frequent in 
individuals with epilepsy among asymptomatic adults 
(6/23 [26·1%; 95% CI 8·1–44·0] vs 25/356 [7·0%; 
4·4–9·7]; p=0·0068), but not among those with dementia 
(33/79 [41·8%; 30·9–52·6] vs 50/137 [36·5%; 28·4–44·6]; 
p=0·44; figure 5). When pooled across symptomatic 
stages, slowing was markedly more common in 
symptomatic Alzheimer’s disease than in asymptomatic 
(98/270 [36·3%; 30·6–42·0] vs 31/379 [8·2%; 5·4–10·9]; 
p<0·0001) and, among tracings with subtype data, was 
predominantly theta (30/37 [81·1%; 68·5–93·7]), with 
delta features in 21 of 37 participants (56·8% [40·8–72·7]). 
As classifiers of epilepsy, IEDs showed poor performance 
(AUC 0·57 [95% CI 0·53–0·61]), and background slowing 
performed only slightly better (AUC 0·60 [0·55–0·65]), 
while showing an AUC of 0·64 (0·61–0·67) to 
discriminate symptomatic Alzheimer’s disease.

Discussion
In this large, longitudinal, multicentre study of adults 
with Down syndrome, we showed that epilepsy is a 
frequent and clinically significant condition emerging 

around the onset of symptomatic Alzheimer’s disease. 
The incidence of seizures increases steeply following 
symptomatic Alzheimer’s disease diagnosis, with 
cumulative risk around 60% within a decade. Importantly, 
LOMEDS (predefined as the peak of epilepsy coinciding 
with symptomatic Alzheimer’s disease) is not only 
common but also prognostically relevant, being associated 
with increased mortality and accelerated cognitive 
decline. These findings position epilepsy as a major 
component of the clinical trajectory of Down syndrome-
associated Alzheimer’s disease, extending previous 
observations from smaller series14 and emphasising 
the interplay between neurodegeneration and network 
hyperexcitability in the Down syndrome population.

Even in the absence of symptomatic Alzheimer’s 
disease, adults with Down syndrome exhibit an increased 
epilepsy risk, with cumulative rates approaching 15% by 
age 60 years, far exceeding those observed in the general 
population (3% at age 74 years and 4·4% at age 85 years).23 

Figure 4: Survival after Alzheimer’s disease diagnosis and cognitive trajectory around LOMEDS in adults with 
Down syndrome
(A) Predicted survival curves from a Cox proportional hazards model with time-varying LOMEDS exposure, 
showing five scenarios defined by timing of first seizure onset relative to Alzheimer’s disease diagnosis (0–6 years); 
LOMEDS window: 1 year before Alzheimer’s disease diagnosis onwards. (B) Predicted CAMCOG-DS trajectories 
from a linear mixed-effects broken-stick model, showing the pre-LOMEDS slope, immediate drop at seizure onset, 
and accelerated post-LOMEDS decline for four onset scenarios; ribbons represent 95% CIs around fixed-effect 
means. CAMCOG-DS=Cambridge Cognitive Examination for Older Adults with Down Syndrome. HR=hazard ratio. 
LOMEDS=late-onset myoclonic epilepsy in Down syndrome.
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Figure 5: EEG markers by Alzheimer’s disease stage and diagnostic performance (per EEG)
(A) IED prevalence. Proportion of EEGs with IEDs across cognitive strata (asymptomatic, prodromal Alzheimer’s disease, and Alzheimer’s disease dementia) and by epilepsy 
status at the EEG (yes indicates EEG performed on or after the date of first seizure if present, and no indicates otherwise); bars show point estimates with two-sided 
95% Wald CIs, with N as the total EEGs per bar (denominator). (B) Background slowing prevalence (95% Wald CIs, with N as the total EEGs per bar [denominator] 
annotated). The y-axis is capped at 50% where indicated. (C) IED as a classifier of epilepsy. ROC curves (overall and by cognitive stratum) showing the ability of IED presence 
to discriminate EEGs of individuals with epilepsy (performed on or after the first seizure) from those of individuals without epilepsy (performed before the first seizure or in 
patients who never had a seizure). AUCs with 95% CIs are shown; the diagonal represents no discrimination (AUC=0·5). (D) Background slowing performance. ROC curves 
for background slowing predicting epilepsy (overall) and symptomatic Alzheimer’s disease (prodromal Alzheimer’s disease or Alzheimer’s disease dementia vs 
asymptomatic). Figure shows AUCs with 95% CIs; diagonal reference shown. AUC=area under the ROC curve. EEG=electroencephalogram. FPR=false positive rate. 
IED=interictal epileptiform discharge. LOMEDS=late-onset myoclonic epilepsy in Down syndrome. ROC=receiver operating characteristic. TPR=true positive rate 
(sensitivity).
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This finding suggests that lifelong neurodevelopmental 
alterations in cortical organisation and excitability might 
predispose individuals with Down syndrome to seizures 
independently of neurodegeneration. However, the 
emergence of symptomatic Alzheimer’s disease 
represents a turning point, triggering an accelerated 
epileptogenic cascade. In this sense, our prospective, 
systematically collected data allowed us to capture seizure 
manifestations even in the earliest stages of symptomatic 
or even pre-symptomatic Alzheimer’s disease. None­
theless, our results support that LOMEDS is tightly 
linked to the Alzheimer’s disease-related cognitive 
decline rather than occurring in the earlier preclinical 
phase. The most predominant types of seizures in 
LOMEDs were generalised myoclonic and tonic-clonic, 
also confirming previous definitions of the syndrome.15,16 
Age contributes to LOMEDS risk only indirectly, through 
its association with the onset of Alzheimer’s disease 
dementia. Once Alzheimer’s disease is established, the 
likelihood of developing LOMEDS depends on disease 
stage (time since Alzheimer’s disease diagnosis) and is 
independent of age itself.

The increased lifetime epilepsy risk in Down syndrome, 
especially in those with severe intellectual disability, 
reflects an underlying hyperexcitability predisposition.11 
Around the time of Alzheimer’s disease onset, additional 
triggers are likely to emerge as amyloid and tau pathology 
converge, leading to marked seizure risk (56% within 
9 years). Indeed, Alzheimer’s disease pathology, rather 
than all-causes neurodegeneration, has been linked to 
increased epilepsy among patients with dementia.3 In 
Down syndrome, APP triplication drives early amyloid 
deposition, similar to autosomal-dominant forms of 
Alzheimer’s disease, where epilepsy is frequent in APP 
duplication carriers.24 Cerebral amyloid angiopathy, 
common in Down syndrome-associated Alzheimer’s 
disease,25 further promotes network instability through 
vascular injury and inflammation.26,27 The close timing of 
seizures and Alzheimer’s disease conversion suggests a 
role for emerging tau pathology (so-called cataustrophy).28 
Locus coeruleus degeneration, an early tau site, might 
reduce seizure control,3 fostering a feedback loop where 
seizures and tau propagation reinforce one another.29,30

Our EEG analyses of IEDs and diffuse background 
showed limited clinical utility in diagnosing epilepsy 
in this population, possibly reflecting subclinical, 
fluctuating epileptogenic processes not captured in 
short-duration scalp recordings.31 Emerging studies 
suggest that high-frequency oscillations (>250 Hz)19 can 
precede Alzheimer’s disease dementia and LOMEDS 
and might identify a larger population with underlying 
hyperexcitability. Whether systematic screening during 
the peri-symptomatic window could prospectively 
identify individuals at highest risk of seizure onset 
represents a promising avenue for future research.

Results suggest that epilepsy arising in parallel with 
symptomatic Alzheimer’s disease is both a symptom of 

this Alzheimer’s disease continuum and also a driver of 
the decline, raising the possibility that seizure activity 
itself contributes to neuronal injury. Indeed, our findings 
show that LOMEDS carries major prognostic signifi­
cance. Individuals who develop LOMEDS have over a 
two-times higher mortality risk than those without 
LOMEDS, with survival decreasing progressively the 
earlier epilepsy appears in relation to Alzheimer’s disease 
onset. Cognitive trajectories also decline more steeply 
after seizure onset, with rates of deterioration roughly 
twice those seen in symptomatic Alzheimer’s disease 
without epilepsy. These effects align with those reported 
in the general dementia population (active epilepsy 
approximately 1·4%; HR 1·79 [95% CI 1·51–2·12]),7 but 
show a stronger effect size, underscoring the particularly 
adverse effect of epilepsy in Down syndrome-associated 
Alzheimer’s disease. Treated individuals with myoclonic 
seizures showed lower rates of progression to general­
ised tonic-clonic seizures compared with untreated 
individuals. However, as this is an observational study, 
these findings should be interpreted with caution and do 
not establish a causal effect of treatment. Randomised 
controlled trials will be essential to investigate whether 
early antiseizure medication truly modifies seizure 
trajectory in Down syndrome-associated Alzheimer’s 
disease.

These results, unprecedented in scale for Down 
syndrome-associated Alzheimer’s disease, highlight 
epilepsy as a key, yet under-recognised, potentially 
modifiable and clinically meaningful complication that 
should be detected and treated early in the Alzheimer’s 
disease continuum. The consistent temporal coupling of 
LOMEDS with symptomatic Alzheimer’s disease onset 
defines an important window for surveillance and 
intervention, when timely recognition and management 
of hyperexcitability could alter disease progression. 
Furthermore, preventive strategies with well tolerated 
antiseizure medication around this window might 
improve survival and cognitive decline. Ongoing trials, 
such as the LESS-AD trial (EU CT 2024-516148-24-00), 
will assess whether levetiracetam can safely prevent 
seizures in Down syndrome-associated Alzheimer’s 
disease and potentially slow neuronal damage and 
cognitive decline. Beyond seizure control, agents that 
modulate network hyperexcitability or restore inhibitory 
tone might hold disease-modifying potential, as shown 
in sporadic Alzheimer’s disease, where low-dose 
levetiracetam improved cognition in patients with 
seizures or subclinical epileptiform activity.32 Future 
trials in Down syndrome-associated Alzheimer’s disease 
should build on these insights, incorporating sensitive 
electrophysiological endpoints to bridge mechanistic 
understanding with clinical translation in this uniquely 
informative population.

The main strength of this study is its large, harmonised, 
longitudinal, multicentre design, encompassing over 4800 
adults with Down syndrome across seven independent 
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cohorts, enabling the first robust characterisation of 
epilepsy trajectories, prognosis, and their relationship with 
symptomatic Down syndrome-associated Alzheimer’s 
disease. Nonetheless, several limitations warrant 
consideration. Biomarker data were not available in most 
individuals, precluding precise staging on the basis of 
amyloid, tau, or neurodegeneration markers. EEG data 
were variably timed relative to seizure onset, with most 
recordings done more than 6 months after the first seizure 
and probably after initiation of antiseizure medication, 
potentially underestimating diagnostic sensitivity. 
Recording duration of 20–30 min represents additional 
methodological limitations. Moreover, although the study 
spanned diverse clinical settings, ascertainment bias and 
differences in follow-up intensity might have influenced 
incidence estimates. Further limitations include reliance 
on caregiver-reported seizure timing and semiology, 
derivation of a symptomatic Alzheimer’s disease window 
from diagnosis dates rather than exact symptom onset, 
limited generalisability given predominance of White 
European participants and incomplete ethnicity data, 
incomplete information on seizure control and frequency, 
and possible misclassification of non-epileptic myoclonus 
despite our operational definition. Moreover, the category 
of uncertain or non-neurodegenerative cognitive decline 
encompasses heterogeneous conditions (including Down 
syndrome regression disorder, depression, and other 
psychiatric or medical diagnoses), whose granular causal 
breakdown and potential relationship with epilepsy could 
not be examined. Finally, as with all centre-based cohorts, 
and despite the large sample size and broad age 
distribution of participants, findings should be interpreted 
with caution when generalising to the broader Down 
syndrome population. Future work should integrate fluid 
and imaging biomarkers to delineate the temporal 
coupling between epileptogenesis and Alzheimer’s 
disease pathology, serial EEG or magnetoencephalogram 
use to capture subclinical activity, and investigate whether 
early treatment of hyperexcitability can alter cognitive 
trajectories or survival.

In summary, this study establishes LOMEDS as a 
common, clinically distinctive, and prognostically 
meaningful comorbidity of Down syndrome-associated 
Alzheimer’s disease. Epilepsy’s close temporal asso­
ciation with symptomatic onset, characteristic 
semiology, and strong links to survival and cognitive 
decline identify the disease as both a marker and 
potentially modifiable mediator of disease progression. 
The findings extend evidence from sporadic and 
autosomal dominant Alzheimer’s disease, positioning 
Down syndrome-associated Alzheimer’s disease as a 
uniquely informative model of Alzheimer-related 
epileptogenesis. Targeting hyperexcitability in Down 
syndrome-associated Alzheimer’s disease could open a 
new therapeutic pathway, transforming a catastrophic 
marker into an actionable opportunity for disease 
modification.
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