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THE LIFEBRAIN H2020 PROJECT
Healthy minds from 0-100 years:
Optimising the use of European brain imaging cohorts

LIFEBRAIN RATIONALE
A central aim of the Lifebrain consortium is to optimize the use of
European brain imaging cohorts, by enabling their combined use in
research, and to reveal consistency as well as heterogeneity of factors
related to brain and cognition. Lifebrain has called for a new approach to
brain structures, cognition and mental health that differs in fundamental
ways from previous approaches. This approach is dimensional, rather
than categorical, with a lifespan perspective, rather than focusing
on development or old-age, and based on systems-vulnerability and
resilience, rather than simple cause-effect relationships.

THE KEY FINDINGS
The findings provide support for some established associations, but
also challenge some tenets of lifespan cognitive neuroscience. Two
key messages from Lifebrain are that 1) it is critical to avoid global
conclusions from selective datasets (e.g, from particular countries,
socioeconomic backgrounds, age ranges, etc), and 2) longitudinal
data are essential for describing changes (often challenging
conclusions from age-related differences in cross-sectional data).
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SOCIOECONOMIC STATUS (SES)
SES has no uniform associations with the brain
The relationships of SES to brain and cognition varied substantially
across samples and were stronger in the US than in European cohorts.
SES was more strongly related to intracranial volume (ICV), which stabilizes early in life, than to gray matter volume (GM), which changes more
through life. Thus, SES-cognition relations in adulthood are probably not
grounded in neuroprotective effects of high SES on the GM volume in
ageing; instead, a relationship may be established early in life.
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EDUCATION
Higher education does not slow brain ageing
Our longitudinal data challenge previous cross-sectional claims that
higher education slows brain ageing. Education was associated
with a long-lasting neurocognitive advantage that may reduce the
risk of dementia but attending college did not significantly affect
age-related brain atrophy.
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SLEEP
Short sleep is not a brain health problem
The number of hours spent sleeping each night was not related to cortical
thinning and did not seem to have a large impact on the brain in the long
run. Based on Lifebrain data, brain volume only seemed to be negatively
related to sleep for more than 10, or less than 5, hours per night, and other
aspects of sleep, such as sleep problems, were more important than
sleep duration.
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LONELINESS
Loneliness and brain characteristics are not associated
Loneliness was associated with memory decline among Swedish, but not
German participants, potentially explaining some of the inconsistency in
the literature. No associations between loneliness and hippocampal or
cortical thickness change were found for any of the cohorts. Whereas
loneliness had no effect on brains of UK participants either, objective
social isolation showed a major effect on “brain age”.

6

GENETIC FACTORS
Might explain individual differences in how Alzheimer’s
Disease-related brain changes translate into cognitive impairment
The association between memory changes and ageing-related changes
of hippocampal volume, a key brain structure for episodic memory, was
only present among individuals carrying at least one APOE ε4 allele, and
thereby at increased risk for Alzheimer’s Disease.
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INFLAMMATION AND DEMENTIA
Low c-reactive protein (CRP) in persons
with genetic risk for dementia
Inflammation may play a role in development of dementia. However,
we found that across the lifespan, participants at risk of dementia
by virtue of carrying the APOE ε4 gene variant, had lower CRP blood
levels, a marker of inflammation. Thus, APOE ε4 may be associated
with a diminished inflammatory response and enhanced deposition
of proteins causing damage of essential nerve cells.
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PUBLIC PERCEPTIONS OF BRAIN HEALTH
People need evidence-based information
Our Global Brain Health Survey with more than 27 000 respondents from 81 countries demonstrated a high public interest in brain
health. Whereas most people are aware that lifestyle and mental
health can affect brain health, they want clear, evidence-based
information about what lifestyle changes can improve brain health.
Symptoms of cognitive or mental decline motivate such lifestyle
changes. Most respondents rated life periods from childhood to old
age as important for looking after the brain, although fewer ranked
the prenatal period as important. There was limited awareness
of the importance of systemic diseases, such as cardiovascular
disease and diabetes, for the brain.
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BRAIN AGE
Only longitudinal data can tell us about the rate of brain ageing
Genetically governed neurodevelopmental processes can be traced
throughout life. People with older-looking brains had both lower birth
weight and genes for smaller brains, compared with participants with
normal ageing brains, but their brains did not decline faster over time.
Thus the popular methodological concept of “brain age” in fact captures
brain differences that have been present throughout an individual’s life,
and is therefore unable to predict, using a single brain scan, the pace of
aging in someone’s brain.
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ASYMMETRIC THINNING OF THE BRAIN
Left and right-brain age differently
The cerebral cortex thins asymmetrically as we age. Important parts of the
brain that have thicker cortex at age 20 – usually on the left side – thin faster.
These brain changes occur gradually over 20-90 years of age but happen faster
in people with Alzheimer’s Disease.

NOVEL STATISTICAL TOOLS
Analysing data from multiple sites across Europe
Differences in how data were assessed at the various sites of Lifebrain posed challenges for researchers. To meet these challenges, theories, tools, and tutorials where
developed. They are freely available for researchers - for e.g. when estimating relationships between changes in the brain and changes in memory performance or for
meta-analysis of non-linear development across different studies. Another example
is a tool for planning a longitudinal study, for e.g. when the question is how many
participants need to be tested, how many times to be able to detect an effect.
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IN SUMMARY
Longitudinal and diverse data should drive brain research
Our studies have benefited greatly from the large sample sizes and wider
(albeit still selective) representation gained from pooling multiple European
neuroimaging datasets. Particularly novel features of the integrated Lifebrain database are 1) the longitudinal design, allowing more sensitive
within-person assessments of true changes over time, 2) the multitude of
societies from which the cohorts were drawn, and 3) the rich genotypic and
phenotypic characteristics of participants. Greater temporal and
socio-demographical width to brain imaging research is sorely needed.
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THE LIFEBRAIN DATABASE AND ANALYSES
Standardization and harmonization of Lifebrain cohorts
Throughout life, our genes interact with environmental, societal, occupational and
lifestyle factors to influence brain structure and function. Such changes, from the
earliest stages of life to the most advanced age, are mapped in detail in several
existing European longitudinal studies, utilizing Magnetic Resonance Imaging (MRI).
A major objective has been to integrate cross-sectional and especially longitudinal
European MRI datasets to increase statistical power for discovering changes in brain
structures, cognition and mental health throughout life. Lifebrain has integrated data
from more than 5000 research participants collected in 11 cohorts in 7 European
countries. Lifebrain also collected additional data online and through dried blood spot
(DBS) samples.
Data enrichment by brain-relevant biomarkers on dried blood spots (DBS)
Most data in Lifebrain cohorts are based on imaging of the brain, cognitive tests and
lifestyle questionnaires. One important way to enrich these data is to analyze brain-relevant blood biomarkers. We used DBS because it is a cheap, simple and very efficient
way of collecting blood without use of specialised personnel. It can be done in large
populations by sending self-collected samples by mail to the analytical laboratory
(Vitas in this case). We have validated many biomarkers (amino acids, vitamins, heavy
metals, HbA1c, inflammatory markers, and more than 300 lipids) on the DBS platform,
and measured their levels in more than 1700 participants in Lifebrain cohorts. We have
obtained first results concerning sleep (related to diacylglycerides) and dementia (C-Reactive Protein, CRP).
The analysis
The analytical work performed in Lifebrain targeted several lifestyle factors, including
sleep, physical activity, leisure activities, and diet, as well as socioeconomic status
and environmental influences such as living environment. Genetic and epigenetic
factors have been investigated in the form of genome and epigenome-wide association studies, candidate genes such as APOE, as well as polygenetic risk scores.
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IMPACTS
Our studies have contributed to the overarching goal of better use of
European neuroimaging datasets to promote development of personalized medicine and enhance cognitive and mental health throughout
the lifespan.
Due to the advantages of DBS stated above, and the enhanced experience
with different types of proteins on this platform, Vitas used DBS-collected
blood to measure antibodies against the SARS-CoV-2 virus during the
pandemic. Knowledge based on this experience enabled by Lifebrainfinanced measurements therefore became important to the public.

THE FUTURE
The Lifebrain database will be maintained and expanded with future
waves of data collection in the cohorts. Analyses on the Lifebrain database will continue and external partners are invited to collaborate.
Requests for data use should be sent to info@lifebrain.uio.no.

www.lifebrain.uio.no

lifebrain.h2020

info@lifebrain.uio.no

lifebraineu
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