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Objective of the study:
As the global populations ages, there will be a requisite increase in global health burden of
aging related diseases1. Individuals vary substantially in the speed at which they age and in their
susceptibility to aging related health decline2. Reliable measures of these individual differences in
the rate of aging would allow better prediction of health outcomes as well as increased ability to
identify individuals in most need of anti-aging intervention before irreversible decline has taken
place3. Aging related deterioration of the brain is particularly detrimental to health and well-being
because of the significant burden of cognitive decline and dementia4.
Recent work has demonstrated that the chronological age of an individual’s brain can be
reliably predicted from magnetic resonance imaging (MRI) data5. Interestingly, differences between
MRI-estimated brain ages and a person’s true chronological age appear to be related to their risk for
neurological dysfunction, including cognitive decline6 and schizophrenia6, their history of traumatic
brain injury7, and their future risk of death8. However, while several different brain-age metrics have
been proposed, no study has yet investigated them together in the same group of humans. Of
particular interest for development of brain-age measurements as clinical tools is whether MRI
measures can serve as markers of biological aging of the brain in a relatively young population for
whom prevention is still possible.
We propose investigating brain aging metrics in the Dunedin birth cohort. Using a birth
cohort is important because chronological age is inherently controlled for. All variation in brain age
will reflect biological aging of the brain. This 45-year-old cohort will also have limited aging related
disease and therefore representative of a population for whom anti-aging intervention may be most
effective. We would like to know if brain age measures are related to risk factors for
neurodegeneration as well as cognitive decline in mid-age. We would also like to investigate the
relationship between brain age and measures of biological aging derived from non-brain biomarker
panels.
Data analysis methods:
Our analysis will address 3 questions:
1) Do proposed measures of brain aging show variation in a birth cohort who are all the
same chronological age and is such variation correlated across different brain aging
measures?
Analysis will compute distributions of different brain age measures and test correlations

between different measures. Previously developed predictive models of brain age have been
based on different machine learning algorithms and used different types of brain imaging
data as inputs but have yet to be tested in the same sample. We will compare 3 models
leading models available at the time of writing this concept proposal5,6,9.
2) Is measured brain aging accelerated in individuals with epidemiological risk factors for
neurodegeneration?
Analysis will use OLS regression to test associations between brain age and
a. Psychopathology (thought disorder)
b. Drugs (cannabis use)
c. TBI (use head injury records)
d. Hypertension
e. Diabetes and pre-diabetes
f. Genetic risk for schizophrenia
g. Genetic risk for Alzheimer’s
3) Is measured brain aging accelerated in individuals showing poor cognitive function and
evidence of early-emerging cognitive decline?
Analysis will test associations between brain age and cognitive function at age 45. Analysis
will also test associations with cognitive decline measured as changes from childhood
through age 45 years. In addition, we will analyze associations between brain age and other
neuropsychological measures that integrate cognitive function and physical functioning (Gait
Rite and grooved pegboard).
4) Is accelerated brain aging associated with faster aging of the body?
Analysis will test associations between brain age and measures of aging in the body (KDM
biological age, pace of aging, age-related homeostatic dysregulation, epigenetic clocks and
facial aging)

Variables needed at which ages:
P factor at age 45
Lifetime cannabis use (joint years or other metric)
Head injury records across lifetime
Hypertension across lifetime
PGS for schizophrenia
PGS for Alzheimer’s
Biological aging variables (Pace of Aging, KDM Biological Age, Epigenetic Clocks, Telomeres,
Facial Age)
Childhood IQ (average over 7, 9, 11, 13)
Adult IQ at 38 and 45
Gait Rite at age 45
Grooved pegboard at age 38
Significance of the Study (for theory, research methods or clinical practice):

The significance of this study is to extend our understanding of brain age as a clinical tool that may
be useful in identifying individuals at midlife who are at risk for age-related health problems. This
project will also provide a novel measure (brain age) to the Dunedin study that will be useful in
future studies of midlife aging.
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