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Extended Data Fig. 1 | Dunedin Study attrition analysis using IQ. No significant 
differences in childhood IQ were found between the full cohort, those still 
alive, those seen at Phase 45, or those scanned at Phase 45. Those who were 
deceased by the Phase 45 data collection had significantly lower childhood 
IQ’s than those who were still alive (t = 2.09, p = 0.04). Center lines of boxes 
represent the median. Lower and upper hinges of boxes represent the 25th and 
75th percentiles. Whiskers show the range. The red line connects the means of 
each distribution. We report childhood IQ because it is known to be a strong 
predictor of late-life health outcomes, as shown by many cohort studies from 
many nations. Childhood IQ predicts health and social outcomes in adulthood, 
and these outcomes include physical functions, cognitive decline, mental health, 
inflammation, metabolic syndrome, disease incidence, dementia, mortality, and 
also neuroimaging-based, genomic, and epigenetic indicators of health. Based 

on the literature, we report three groups: study members who died before age 
45, and thus could not have taken part in data collection, study members who 
were alive and thus could take part, and study members who actually did take 
part. We compared these three groups to the original birth cohort. The figure 
shows that the small group of study members who had died before age 45 had 
significantly lower mean childhood IQ as a group. Some of the early deaths were 
Dunedin Study members who had more disadvantages in their lives leading to 
poorer health and increased risk of early mortality. Study members who died of 
childhood diseases may have been already unwell at the time of IQ testing, which 
could have lowered their scores. However, cohort members who are still alive 
and cohort members who took part in data collection did not differ from the 
full original cohort on their mean childhood IQ; they still represent population 
variation on this key health risk factor. Abbreviations: IQ = intelligence quotient.
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Extended Data Fig. 2 | Dunedin Study attrition analysis using SES. No 
significant differences were found between the full cohort, those deceased, 
those alive, those seen at Phase 45, or those scanned at Phase 45 on childhood 
SES. Center lines of boxes represent the median. Lower and upper hinges of boxes 
represent the 25th and 75th percentiles. Whiskers show the range. The red line 
connects the means of each distribution. We report childhood SES because it is 
known to be a strong predictor of late-life health outcomes, as shown by many 
cohort studies from many nations. Childhood SES separately predicts health and 
social outcomes in adulthood, and these outcomes include physical functions, 
cognitive decline, mental health, inflammation, metabolic syndrome, disease 
incidence, dementia, mortality, and also neuroimaging-based, genomic, and 
epigenetic indicators of health. Based on the literature, we report three groups: 

study members who died before age 45, and thus could not have taken part in 
data collection, study members who were alive and thus could take part, and 
study members who actually did take part. We compared these three groups 
to the original birth cohort. The figure shows that the small group of study 
members who had died before age 45 had somewhat lower mean childhood SES 
as a group. Some of the early deaths were Dunedin Study members who had more 
disadvantages in their lives leading to poorer health and increased risk of early 
mortality. However, cohort members who are still alive and cohort members who 
took part in data collection did not differ from the full original cohort on their 
mean childhood SES; they still represent population variation on this key health 
risk factor. Abbreviations: SES = socioeconomic status.
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Extended Data Fig. 3 | Associations with DunedinPACNI while excluding 
participants who go on to have cognitive decline or have high genetic risk for 
Alzheimer’s Disease in the UK Biobank. a. Forest plot of associations between 
cognitive, frailty, health, and social class measures and DunedinPACNI with and 
without inclusion of participants who later develop dementia or who carry two 
APOE E4 risk alleles. Effects are presented as standardized beta coefficients with 
error bars as 95% confidence intervals. Note that for visualization, the signs of 
some outcomes were flipped, such that higher scores for all outcomes reflected 
worse performance or health. b. Forest plot of DunedinPACNI hazard ratios for 

chronic disease and mortality with and without inclusion of participants who 
develop dementia or carry two APOE E4 risk alleles. Effects are presented as 
hazard ratios with error bars as 95% confidence intervals. Exact sample sizes for 
all tests are presented in Supplementary Table 4. Abbreviations: DSST = Digit 
Symbol Substitution Task, HR = hazard ratio, IQ = intelligence quotient, Matrix 
= Matrix Pattern Completion, RT = Reaction Time, Tower = Tower Rearranging, 
TrailsA = Trail Making Test Part A, TrailsB = Trail Making Test Part B, VM = Visual 
Memory, WM = Working Memory.
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Extended Data Fig. 4 | DunedinPACNI prediction of cognitive decline in ADNI 
with full follow-up window. Survival curve of the relative proportion of 624 
cognitively normal ADNI participants at baseline who remained cognitively 
normal during the follow-up window grouped by slow, average, and fast baseline 
DunedinPACNI scores. Censored timepoints (that is, points when participants 

either converted to MCI/dementia or were lost to follow-up) are shown with 
cross marks. Note that relatively few participants have >9 years of follow-up. 
Abbreviations: ADNI = Alzheimer’s Disease Neuroimaging Initiative, SD = 
standard deviation.
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Extended Data Fig. 5 | See next page for caption.
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Extended Data Fig. 5 | Comparison of DunedinPACNI and brain age 
gap associations with clinical outcomes in BrainLat. a. Forest plots of 
DunedinPACNI and brain age gap standardized mean differences between 
dementia groups and healthy controls in BrainLat. Error bars represent 95% 
confidence intervals. Lighter shades represent the effect size for each measure 
while controlling for the other measure (that is, effect of DunedinPACNI when 
controlling for brain age gap, and vice versa). b. Forest plots of DunedinPACNI 
and brain age gap absolute standardized association effect sizes with the MoCA. 
Error bars represent 95% confidence intervals. Lighter shades represent the 

effect size for each measure while controlling for the other measure (that is, 
effect of DunedinPACNI when controlling for brain age gap, and vice versa). 
c. Forest plot of absolute standardized associations between DunedinPACNI 
alone, brain age gap alone, and their combined associations with MoCA scores 
in BrainLat. Error bars represent 95% confidence intervals. Exact sample sizes 
for all tests are presented in Supplementary Tables 10, 11). Abbreviations: AD 
= Alzheimer’s dementia, FTD = frontotemporal dementia, MoCA = Montreal 
Cognitive Assessment, SDs = standard deviations.
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Extended Data Fig. 6 | Combined effects of DunedinPACNI and brain age 
gap were generally more sensitive to clinical outcomes. a. Forest plots for 
effect sizes for DunedinPACNI alone, brain age gap alone, and their combined 
associations with clinical outcomes. Combined effects were considered to be 
the sum of beta coefficients when both DunedinPACNI and brain age gap were 
included in a model while controlling for age and sex. Error bars represent 
95% confidence intervals. Note that for visualization, the signs of some 
outcomes were flipped, such that higher scores for all outcomes reflected 
worse performance or health. b. Forest plots of hazard ratios for risk of 
cognitive decline, dementia, chronic disease, and death. Combined effects were 
considered to be the products of respective hazard ratios for DunedinPACNI 
and brain age gap included in a model while controling for age and sex. Error 
bars represent 95% confidence intervals. Exact sample sizes for each test in a. 
and b. are reported in Supplementary Tables 2, 3, 7–9). Note that for cognitive 

tests in ADNI, only baseline observations were used in this analysis to facilitate 
combination of effects. Thus, sample sizes for these tests are reflected by the 
number of individuals, not observations, in the sample. This information is 
provided in Supplementary Table 2. Abbreviations: ADAS-Cog = Alzheimer’s 
Disease Assessment Scale – Cognitive Subscale 13, ADLs = activities of daily living, 
ADNI = Alzheimer’s Disease Neuroimaging Initiative, CI = confidence interval, CN 
= cognitively normal, Cog. = cognitive, DSST = Digit Symbol Substitution Task, 
FAQ = Functional Activities Questionnaire, Hipp. = hippocampal, HR = hazard 
ratio, IQ = intelligence quotient, LogMemory = Logical Memory, Matrix = Matrix 
Pattern Completion, MCI = mild cognitive impairment, MMSE = Mini-Mental 
State Exam, MoCA = Montreal Cognitive Assessment, RT = Reaction Time, RAVLT 
= Rey Auditory Visual Learning Test, SD = standard deviation, Tower = Tower 
Rearranging, TrailsA = Trail Making Test Part A, TrailsB = Trail Making Test Part B, 
VM = Visual Memory, WM = Working Memory.
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Extended Data Fig. 7 | Cross-sectional cognitive associations with 
DunedinPACNI, hippocampal volume, and ventricular volume in the UK 
Biobank. a. Forest plot of associations between cognitive measures and 
DunedinPACNI and hippocampal volume. Effects are presented as standardized 
beta coefficients with error bars as 95% confidence intervals. Note that we 
flipped the direction of hippocampal associations to match the direction of 
DunedinPACNI. b. Forest plot of associations between cognitive measures and 
DunedinPACNI and ventricular volume. Effects are presented as standardized 
beta coefficients with error bars as 95% confidence intervals. Lighter shades 
represent the effect size for each measure while controlling for the other 

measure (that is, effect of DunedinPACNI when controlling for hippocampal 
or ventricular volume, and vice versa). Note that for visualization, the signs of 
some outcomes were flipped, such that higher scores for all outcomes reflected 
worse performance or health. Exact effect sizes and sample sizes for each test are 
presented in Supplementary Table 12, 13). Abbreviations: DSST = Digit Symbol 
Substitution Task, Hipp. = hippocampus, IQ = intelligence quotient, Matrix = 
Matrix Pattern Completion, RT = Reaction Time, Tower = Tower Rearranging, 
TrailsA = Trail Making Test Part A, TrailsB = Trail Making Test Part B, Vent. = ventricle,  
vol. = volume, VM = Visual Memory, WM = Working Memory.
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Extended Data Fig. 8 | Cross-sectional frailty and health associations with 
DunedinPACNI, hippocampal volume, and ventricular volume in the UK 
Biobank. a. Forest plot of associations between frailty and health measures and 
DunedinPACNI and hippocampal volume. Effects are presented as standardized 
beta coefficients with error bars as 95% confidence intervals. Note that we 
flipped the direction of hippocampal associations to match the direction 
of DunedinPACNI. b. Forest plot of associations between frailty and health 

measures and DunedinPACNI and ventricle volume. Effects are presented as 
standardized beta coefficients with error bars as 95% confidence intervals. 
Lighter shades represent the effect size for each measure while controlling 
for the other measure (that is, effect of DunedinPACNI when controlling for 
hippocampal or ventricular volume, and vice versa). Exact sample sizes for 
each test are presented in Supplementary Table 12, 13). Abbreviations: Hipp. = 
hippocampus, Vent. = ventricle, vol. = volume.
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Extended Data Fig. 9 | See next page for caption.
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Extended Data Fig. 9 | Cognitive decline, disease, and mortality prediction by 
DunedinPACNI, hippocampal volume, and ventricular volume. a. Cognitive 
decline prediction among cognitively normal ADNI participants, b. Chronic 
disease prediction in UK Biobank. C. Mortality prediction in UK Biobank. Gray 
points indicate hazard ratios for each brain measure while covarying for sex and 
age at scan. The blue point indicates the DunedinPACNI hazard ratio while also 
covarying for hippocampal volume. The pink point indicates the DunedinPACNI 
hazard ratio while covarying for ventricular volume. The orange points indicate 

the hippocampal and ventricular volume hazard ratios while covarying for 
DunedinPACNI. Note that we flipped the direction of hippocampal associations 
to match the direction of DunedinPACNI. Error bars on all plots represent 
95% confidence intervals. Exact sample sizes for each test are presented 
in Supplementary Table 14). Abbreviations: ADNI = Alzheimer’s Disease 
Neuroimaging Initiative, Hipp. = hippocampus, HR = hazard ratio, UKB = UK 
Biobank, Vent. = ventricle, vol. = volume.
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