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Key Points
Questions: Are hypothesized associations between familial risk of depression and lower
cognitive performance evident across the lifespan, for both family history and genetic risk
measures?
Findings: In three younger cohorts (TGS, ABCD, and Add Health; age range 6-42y), family
history of depression was primarily associated with lower performance in the memory
domain, whereas in the older UK Biobank cohort (age range 44-83y) the associations were
stronger for processing speed, attention and executive function; effect sizes were largest in
the deeply-phenotyped TGS cohort. Associations were similar in the polygenic risk score
analyses and were evident even in participants who had never been depressed themselves but
had a family history of depression.
Meaning: Whether assessed by family history or genetic data, there is evidence that
depression in prior generations is associated with lower cognitive performance in offspring,
which has important implications for understanding and addressing potentially modifiable

risk factors.
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Abstract
Importance: Cognitive impairment in depression is poorly understood. Family history of
depression is a potentially useful risk marker for cognitive impairment, facilitating early
identification and targeted intervention in those at highest risk, even if they do not themselves
have depression. Several research cohorts have emerged recently which enable findings to be
compared according to varying depth of family history phenotyping, in some cases also with
genetic data, across the lifespan.
Objective: To investigate associations between familial risk of depression and lower
cognitive performance in four independent cohorts with varied depth of assessment, using
both family history and genetic risk measures.
Design: Longitudinal or cross-sectional analyses conducted in March-June 2022, of data
from the ‘Three Generations’ family study (TGS; data collected 1982-2015) and three large
population cohorts: ABCD (2016-2021), Add Health (1994-2018), and UK Biobank (2006-
2022).
Setting: Family and population-based research cohorts.
Participants: Children and adults with or without familial risk of depression.
Exposures: Family history (across one or two prior generations) and polygenic risk of
depression.
Main Outcome(s) and Measure(s): Neurocognitive tests at follow-up. Regression models
were adjusted for confounders and corrected for multiple comparisons.
Results: The sample sizes for analysis were 87 in TGS (mean age 19.71y, SD 6.55; 48%
female), 10,258 in ABCD (mean age 12.00y, SD 0.66; 48% female), 1,064 in Add Health
(mean age 37.75y, SD 1.88; 49% female), and 45,899 in UK Biobank (mean age 63.99y, SD
7.71; 51% female). In the younger cohorts (TGS, ABCD, and Add Health), family history of

depression was primarily associated with lower performance in the memory domain and there



77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

were indications that this may be partly related to educational and socioeconomic factors. In
the older UK Biobank cohort, the associations were stronger for processing speed, attention,
and executive function, with little evidence of education or socioeconomic influences. These
associations were evident even in participants who had never been depressed themselves.
Effect sizes were largest in TGS: largest standardized mean differences in primary analyses
were -0.55, 95% CI -1.49 to 0.38 (TGS); -0.09, 95% CI -0.15 to -0.03 (ABCD); -0.16, 95%
CI-0.31 to -0.01 (Add Health); -0.10, 95% CI -0.13 to -0.06 (UK Biobank). Results were
generally similar in the polygenic risk score analyses. In UK Biobank, several tasks showed
statistically significant associations in the polygenic risk score analysis that were not evident
in the family history models.

Conclusions and Relevance: Whether assessed by family history or genetic data, there is
evidence that depression in prior generations is associated with lower cognitive performance
in offspring. There are opportunities to generate hypotheses about how this arises through
genetic and environmental determinants and moderators of brain development and brain

aging, and potentially modifiable social and lifestyle factors across the lifespan.
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Introduction
Cognitive impairment is a key cause of disability in adults with depression. It is evident at the
first depressive episode1 and persists even after remission’ leading to worse ﬁmctioning3 and
lower quality of life.* Cognitive impairment in depression is poorly understood, but likely
involves a complex interplay between background risk factors for both depression and
cognitive dysfunction, and other factors that operate further downstream after depression
onset.

Background risk can be elucidated by studying biological relatives of people with
depression. A meta-analysis of studies of never-depressed first-degree relatives of people
with major depressive disorder’ showed consistent effect sizes across all cognitive domains
(standardized mean difference -0.2), which were statistically significant for intelligence,
memory, and language but not attention, speed, or executive function. Family history of
depression therefore has potential to be a clinically useful risk marker, opening the possibility
of early identification and targeted prevention or intervention for cognitive dysfunction in
those at highest risk.

There are challenges with studying familial risk of depression. Retrospective
reporting of family history is liable to missingness and recall bias, but direct prospective
assessment is resource-intensive and difficult to implement at scale. The family study known
as ‘Three Generations at High and Low Risk of Depression Followed Longitudinally’®
(hereon, Three Generations, TGS) offers a unique opportunity to investigate family history
and cognitive function using gold-standard methods. Prospective clinical assessment of
depression by trained clinical interviewers has been undertaken on multiple occasions across
more than 30 years, together with high quality cognitive testing and neuroimaging. The
inclusion of multiple generations enables family risk to be characterized in greater detail than

the majority of studies to date, which have included only first-degree relatives. We have
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shown that there is a ‘dose’ effect in this cohort whereby offspring with both a parent and
grandparent with major depression were at highest risk for developing depression
themselves.’ No study to date has investigated whether a dose effect is also present for
offspring cognitive outcomes. If that were found to be the case, it would enable better
targeting of early intervention on the basis of number of prior generations affected.

Although the TGS cohort is uniquely well-placed to enable this research, it is essential
that findings are replicable and generalizable to the wider population, especially where direct
assessment of relatives is not feasible. We have demonstrated that a dose effect on offspring
depression outcomes is also evident in the general population-based Adolescent Brain
Cognitive Development study (ABCD Study®),”* which relied on family history reported
retrospectively by a single informant, and similar research is needed on cognitive outcomes.

It is also important to include cohorts with different age ranges; there are indications
that processing speed deficits are less prominent (compared with deficits in other domains) in
unaffected relatives’ and emerge later in life in those with depression,” implicating
downstream effects of depressive illness or differential aspects of brain aging. A further
advantage of studying large population cohorts such as ABCD is that many include
genotyping data, enabling the derivation of polygenic risk scores (PRS). Polygenic risk for
depression represents genetic aspects of familial depression risk based on common genotypic
variants, and has been shown to be associated with a wide range of phenotypes relating to
mental and physical health and brain structure in independent cohorts.” Socially diverse
population cohorts can also shed light on non-genetic aspects of familial risk; for example,
lower socioeconomic resources in families affected by depression may reduce opportunities
for cognitive development in offspring,™'® as well as modifying genetic risk in an interactive

manner.9
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In this study we quantified the association of familial risk of depression with
cognitive outcomes, in TGS and in three general population cohorts spanning childhood to
old age: ABCD,’ the National Longitudinal Study of Adolescent to Adult Health (‘Add
Health’),'" and UK Biobank.'? Our aims were to ascertain whether the hypothesized
associations with lower cognitive performance were evident in all cohorts and for both family
history and genetic data, and to elucidate the patterns of association across cognitive domains

and across the lifespan.

Method
This study used a cohort design within TGS, ABCD, and UK Biobank, with family history
data collected at one assessment wave and cognitive outcomes measured at a later wave. In
Add Health the family history data and cognitive data were only available at the same wave,

and so these analyses were cross-sectional. Reporting follows STROBE guidelines."

Participants
Each cohort’s study procedures were approved by the relevant Institutional Review Board or
Ethics Committee and participants gave written informed consent. Full details regarding the

design and composition of each cohort are provide in eMethods in the Supplement.
Familial Risk Exposures
Familial risk of depression was measured using two sources of data: reported/assessed

biological family history and PRS.

Family History of Depression
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TGS was the only cohort in which depression was directly assessed in all generations by
direct interview with the subject. In the other cohorts, family history was ascertained from
retrospective reporting by the participant or their parent. The cohorts varied in how
depression was defined (details in eMethods): TGS used a best-estimate major depressive
disorder diagnosis with an additional requirement of impaired functioning; ABCD asked
about “depression, that is, have they felt so low for a period of at least two weeks that they
hardly ate or slept or couldn't work or do whatever they usually do?”’; Add Health asked
about “depression” (not further defined); and UK Biobank asked about “severe depression”
(not further defined). The primary family history measure used in the main analyses was a
binary variable based on lifetime parental history (at least one biological parent with
depression versus no parent with depression); this is in keeping with the previous meta-
analysis, in which parental history was the exposure in most studies.” Three of the cohorts
(not UK Biobank) also collected data on biological grandparent history, enabling the creation
of secondary exposure measures: (i) binary variable for at least one parent/grandparent with
depression versus no parent/grandparent with depression and (ii) four-category dose variable®
representing the number of prior generations with depression (both generations; parent only;

grandparent only; neither generation).

Polygenic Risk for Depression

This was available in three cohorts (not TGS). In ABCD, we created LDpred PRS'" based on
a 2019 genome-wide association study (GWAS) meta-analysis of various depression
phenotypes (self-reported or clinically confirmed)."” Details are provided in eMethods. The
Add Health PRS was created centrally by the Add Health team'® based on the same 2019
meta-analysis. The UK Biobank PRS was not created from the 2019 meta-analysis because

UK Biobank was a discovery cohort in that GWAS. We instead created the UK Biobank



191  LDpred PRS from a 2018 GWAS of various depression phenotypes,'’ using summary

192  statistics that excluded UK Biobank participants. Details are provided in eMethods. All PRS
193  were standardized as z-scores (mean 0, SD 1) within each analysis sample.

194

195  Cognitive Outcome Measures

196  In each cohort, all available tests of neurocognition were analyzed (details in eMethods).
197 TGS Wave 6 follow-up included a detailed battery of assessor-administered gold-standard
198  tests of speed, reasoning/intelligence, attention, executive function, and memory. This was
199  administered only to participants who were assessed in person. ABCD Year 2 follow-up

200  included assessor-administered brief computerized tests of vocabulary, speed,

201  attention/executive function, and memory, using a mix of in person and videoconferencing
202  assessment. Add Health Wave V follow-up included three assessor-administered brief

203  bespoke measures of attention/executive function and memory, administered only to a

204  representative subsample who were assessed in person. The UK Biobank imaging visit

205  follow-up (in person) included self-administered brief computerized touchscreen tests of
206  speed, reasoning, attention, executive function, and memory. Composite scores (representing
207  the mean performance across tests within a cognitive domain) were also analyzed.

208

209  Covariates

210  Age, sex, ethnicity, country of birth (as an indicator of linguistic/cultural variation which may
211  affect performance on US/UK-designed cognitive tests), and duration between exposure and
212 outcome waves were analyzed as potential confounders. We also extracted data on highest
213 level of educational qualifications (except in ABCD, where all participants were still in

214 education) and socioeconomic status (SES); these may act as mediators rather than

215  confounders (i.e. if they are influenced by parental/grandparental depression and in turn

10
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affect opportunities for cognitive development in offspring), and their potential role was
evaluated by adding them as additional covariates in sensitivity analyses. For the purpose of
secondary analyses, we classified participants according to whether they had a lifetime
history of depression or of neurological disorders that may affect cognitive performance (see

eMethods).

Statistical Analyses

Analyses were conducted in Stata'® v15 or v17 and took account of complex survey structure
and relatedness in the datasets using weighting and cluster standard errors. Descriptive
statistics are reported for the whole sample and split by family history status. The validity of
the familial risk exposure measures was checked by examining their association with lifetime
history of depression in the analysis sample. Analyses of the association between familial risk
of depression and cognitive outcome were conducted using unadjusted and adjusted
regression models. All but one of the cognitive outcome measures were z-scores, so these
were analyzed in linear models and the coefficients can be interpreted as standardized mean
differences in cognitive score per unit of the exposure. The Prospective Memory score in UK
Biobank was binary, so this was analyzed in a logistic model with results expressed as the
odds ratio (OR) for a correct response per unit of the exposure. We report 95% confidence
intervals (CI), and two-tailed P values are reported with and without correction for multiple
comparisons (false discovery rate [FDR] maintained at .05). Full details of all models are

provided in the eMethods.

Results

Characteristics of the Samples

11
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Demographic, health, and family history characteristics in each cohort are summarized in
Table 1. Further descriptive statistics for all measures, stratified by family history status, are
provided in eTables 1-4. The validity of the family history and PRS exposures was
demonstrated by their clear associations with lifetime depression history in each analysis

sample (see eResults).

Association Between Family History of Depression and Cognitive Qutcomes

Three Generations

Sample sizes were small and so estimates have relatively wide confidence intervals and
should be interpreted with caution. In the primary adjusted models (parental history of
depression; Figure 1), the only task with an estimate tending towards lower performance was
dual-task decrement, with an effect size of medium magnitude. Additional adjustment for
SES showed similar results on most tasks, but shifted the results for IQ in a positive direction
(eFigure 1(C) in Supplement). Using the dose exposure measure, the specific contrast
analysis between the subgroups with both versus neither prior generations affected was
strongest for dual-task decrement (eFigure 2(B)). The exclusion of individuals with
depression attenuated some estimates towards the null, with the exception of the visual
delayed memory task (eFigure 3(A)). After taking account of missing data, results again
suggested possibly lower performance on some attention/executive tasks (eFigure 4). It was
not possible to conduct sensitivity analyses in an unrelated subgroup due to very small

sample sizes.

ABCD
The primary adjusted models (parental history; Figure 2(A)) showed that performance on the

picture memory task was lower in the group with a family history of depression, with verbal

12
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memory, the memory composite score, and processing speed also suggestive of slightly lower
performance. Effect sizes were very small. These differences attenuated towards the null after
additional adjustment for SES (eFigure 5(B) in Supplement). Participants with a family
history of depression showed relatively higher performance on vocabulary tasks in the
unadjusted model and in the adjusted model including SES (eFigure 5). Compared with the
primary models, the pattern of results across cognitive domains was similar in models that
took into account grandparental as well as parental history, that excluded participants with
depression or neurological disorders, that were restricted to unrelated participants, and that

took account of missing data (eFigures 6-8).

Add Health

Delayed memory and the memory composite score showed suggestive evidence of lower
performance in those with a family history (primary adjusted analysis for parental history,
Figure 3(A)), with small effect sizes. This attenuated slightly after additional adjustment for
education and SES (eFigure 9 in Supplement). Results were similar in secondary models
taking into account grandparental history (eFigure 10), in models that excluded people with
depression or neurological conditions (eFigure 11), and after accounting for missing data
(eFigure 12(B)). In models restricted to unrelated participants, all estimates shifted towards

the null or positive direction (eFigure 12(A)).

UK Biobank

Figure 4(A) shows associations in the primary adjusted analyses between family (parental)
history and lower performance on tests of processing speed, attention and executive function.
Effect sizes were very small. Results were essentially the same after additional adjustment for

education and SES (eFigure 13 in Supplement). Results attenuated after excluding people

13
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with depression (though still showed lower performance) but there was little or no evidence
of attenuation after excluding those with neurological conditions (eFigure 14), or restricting
to unrelated participants (eFigure 15(A)). Results were the same after accounting for missing

data (eFigure 15(B)).

Association Between Polygenic Risk for Depression and Cognitive Qutcomes

ABCD

Primary adjusted models in the White subgroup (Figure 2(B)) showed lower performance on
picture memory, similar to the family history models, but also showed lower performance on
picture vocabulary and a tendency towards lower performance on other tasks except verbal
memory. Effect sizes were very small. After additional adjustment for SES (eFigure 16(B) in
Supplement), the picture memory result was essentially unchanged but the vocabulary
estimates attenuated towards the null. Results were virtually the same in the larger multi-
ancestry sample (eFigure 17). Compared with the primary models, results were almost the
same in models that excluded participants with depression or neurological disorders, that
were restricted to unrelated participants, and that took account of missing data (eFigures 18

and 19).

Add Health

Primary adjusted models in the European subgroup (Figure 3(B)) showed no association with
memory performance, but there was a positive association of small magnitude on the
attention task (digit span) that had not been evident in the family history analyses. This
remained evident after additional adjustment for education and SES (eFigure 20 in
Supplement), and was also seen in the larger multi-ancestry sample (eFigure 21). Excluding

participants with depression or neurological disorders, restricting to unrelated participants,

14
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and taking account of missing data did not make any appreciable difference to the results

(eFigures 22 and 23).

UK Biobank

Lower performance was seen on all but two of the cognitive tests in the primary adjusted
models (Figure 4(B)). The general pattern of performance across domains was quite similar
compared with the family history results, with similarly small effect sizes, but several tasks
showed statistically significant associations in the PRS analysis only (reasoning, digit span,
memory). Additional adjustment for education and SES did not change the results (eFigure
24 in Supplement); nor did excluding participants with depression or neurological disorders
(eFigure 25), restricting to unrelated participants (eFigure 26(A)) or accounting for missing

data (eFigure 26(B)).

Discussion
This study provides evidence for lower cognitive performance in people with familial risk of
depression, which appears to manifest differently across the lifespan. In the younger cohorts
(primarily ABCD and Add Health), family history of depression was associated with lower
performance in the memory domain, albeit inconsistently, and there were indications that this
may be partly related to educational and socioeconomic factors. In contrast, family history in
the older UK Biobank cohort was associated with lower performance in the domains of
processing speed, attention and executive function, but not memory, and there was little
evidence of an influence of education or SES. Although there was a dose effect for
depression itself, with participants with two prior generations affected showing greater odds
of depression, this effect was not clearly evident with regard to the strength of association

with cognitive performance.
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The largest effect sizes were found in TGS, albeit with wider confidence intervals due
to the small sample size. Effect sizes in the other cohorts were smaller than in TGS and the
previous systematic review.’ Larger effect sizes in TGS may reflect the gold-standard
assessments used for both family history and cognitive testing, which increases measurement
reliability, as well as the strict eligibility criteria in the first generation at cohort inception.
The other cohorts had broader inclusion criteria and relied on responses from the participant
or their parent to retrospective questions about family history; similarly, the PRS were
created from GWAS of a broad depression phenotype. These factors may have biased
associations towards the null, although the large sample sizes nevertheless enabled weaker
associations to be detected from less reliable measures. This demonstrates the value of using
population cohorts for this type of research, where gold-standard phenotyping is not feasible
at such a large scale. A major strength of our study is that we have used small-scale, carefully
phenotyped data alongside big datasets with less detailed phenotyping. Using only the former
may mean that results might not be replicable, while using only the latter risks generating
large numbers of statistically significant yet trivial results that are not clinically meaningful.

This study is the first to examine both polygenic risk and family history of depression
in multiple cohorts: we found that both exposures showed similar results, although the PRS
models tended to show associations with lower performance on a greater number of cognitive
tests. An exception was the digit span test in Add Health, on which higher PRS was
associated with better performance. We did not directly compare the contribution of family
history and polygenic risk in the same models, and so we cannot infer the relative strength of
their distinct associations with cognitive outcome. This would require detailed multivariate
modelling to take account of the mediating paths between genetic and non-genetic aspects of

family history, and their interactions.
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The memory domain findings in the younger cohorts are congruent with
neuroimaging markers in depression that also underpin memory function: hippocampal
volumes are lower on average19 and cortical gray matter is thinner on average in various
regions including the temporal lobes® in people with depression, and we have previously
shown in TGS that family history of depression is associated with hippocampal
microstructure differences,”! cortical ‘[hinning,22 and default mode network
hyperconnectivity.” The speed, attention, and executive function findings in the older UK
Biobank cohort may point to differences in brain aging (e.g. white matter disease), even in
never-depressed participants, although evidence is currently lacking on neuroimaging in older
people with high familial risk of depression and this should be investigated in future UK
Biobank analyses. It should also be borne in mind that the different pattern of results in UK
Biobank may not be fully attributable to older age, but rather to the other differences in the
methods used in this cohort, including the use of a bespoke test battery with an emphasis on
timed and executive function tasks.

There was little impact on the results after excluding participants who themselves had
depression. Only UK Biobank showed clear evidence of attenuation in those models, but not
enough to negate the findings. This suggests that lifetime experience of depression may have
some influence on cognitive outcomes, especially in older participants, but other factors must
be at play.

Education and SES may explain some of the association: this was evident in the three
younger cohorts and may reflect a mediating role of household/neighborhood environment,
resource access and opportunities, in influencing cognitive development and reserve, in
families affected by parental or multi-generational depression. This warrants further research
within a mediation framework, with important implications for early intervention on

potentially modifiable intermediate risk factors.
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Limitations

The four cohorts we analyzed have various strengths and limitations with regard to sample
size, representativeness, and depth and completeness of measures, which means that it is
difficult to disentangle age-related and generational effects from methodological differences
when interpreting the patterns of findings. TGS was the only cohort with clinically confirmed
depression diagnoses in all generations, but PRS data are not available at present in this
cohort. We focused on biological family history and so have not captured the influence of
non-biological relatives, such as step-parents, in the household. It would also be of interest to
analyze the number of affected biological relatives in detail (e.g. whether one or both parents
had a depression history), but this was not feasible owing to the amount of missing data. We
aimed to analyze exposures and outcomes from different assessment waves (to reduce the
possibility of reverse causality and allow for future mediation analyses to examine
intermediate measures such as brain imaging) but data from different waves were not

available in Add Health.

Conclusions

Whether assessed by family history or genetic data, there is evidence that depression in prior
generations is associated with lower cognitive performance in offspring. The next challenge
is to elucidate the pathways by which this arises, which may include genetic and
environmental determinants and moderators of brain development and brain aging, and
potentially modifiable social and lifestyle factors at play across the lifespan. These and other
cohorts enable such research at a scale and depth never before possible, opening new research

directions for prevention and early intervention in at-risk individuals.
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statistical analysis code for the ABCD, Add Health and UK Biobank analyses in this study is

available at https://osf.io/tnggh/.
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Figure Legends

Figure 1. Association Between Familial Risk of Depression and Cognitive Function in
the Three Generations Cohort (age 6-38y)

Primary family history exposure (at least one parent with depression versus none), adjusted
for age, sex, ethnicity, and duration between exposure and outcome measurement.

Plot shows point estimates and 95% CI. Estimates are in z-score units and can be interpreted
as standardized mean differences. Higher scores represent better performance. FDR
correction was applied across the set of P values within the forest plot.

Abbreviations: Attn/Exec, Attention & Executive; Aud/Ver, Auditory/Verbal; CI, confidence
interval; Comm. Err., commission errors; comp., composite; CPT, Continuous Performance
Test; C-W Interf., color-word interference; Decr., decrement; FDR, false discovery rate;

Immed., immediate; 1Q, intelligence quotient; RT, reaction time.

Figure 2. Association Between Familial Risk of Depression and Cognitive Function in
the ABCD Cohort (age 10-13y)

(A) Primary family history exposure (at least one parent with depression versus none),
adjusted for age, sex, ethnicity, birth country, duration between exposure and outcome
measurement, and mode of cognitive test administration (in-person or remote). (B) Polygenic
risk score for depression, in the White subgroup, adjusted for age, sex, birth country, mode of
cognitive test administration, and first 10 genetic principal components.

Plot shows point estimates and 95% CI. Estimates are in z-score units and can be interpreted
as standardized mean differences. Higher scores represent better performance. FDR
correction was applied across the set of P values within each forest plot. P values reported as

0.000 in the figure should be taken as P<.001.
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Abbreviations: CI, confidence interval; comp., composite; FDR, false discovery rate; NIH,

National Institutes of Health Toolbox; RAVLT, Rey Auditory Verbal Learning Test.

Figure 3. Association Between Familial Risk of Depression and Cognitive Function in
the Add Health Cohort (age 32-42y)

(A) Primary family history exposure (at least one parent with depression versus none),
adjusted for age, sex, ethnicity, and birth country. (B) Polygenic risk score for depression, in
the European subgroup, adjusted for age, sex, birth country, and first 10 genetic principal
components.

Plot shows point estimates and 95% CI. Estimates are in z-score units and can be interpreted
as standardized mean differences. Higher scores represent better performance. FDR
correction was applied across the set of P values within each forest plot.

Abbreviations: CI, confidence interval; FDR, false discovery rate; immed., immediate.

Figure 4. Association Between Familial Risk of Depression and Cognitive Function in
the UK Biobank Cohort (age 44-83y)

(A) Primary family history exposure (at least one parent with depression versus none),
adjusted for age, sex, ethnicity, birth country, and duration between exposure and outcome
measurement. (B) Polygenic risk score for depression, in the White British subgroup,
adjusted for age, sex, birth country, first 10 genetic principal components, and batch.
Some tests were added to the battery part-way through the assessment wave and so sample
sizes vary. The 8-pair version of the Visual Memory task was only administered to
participants who had made <2 errors on the 6-pair version. Plot shows point estimates and
95% CI. Estimates are in z-score units and can be interpreted as standardized mean

differences. Higher scores represent better performance. FDR correction was applied across
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the set of P values within each forest plot as well as the Prospective Memory results. P values
reported as 0.000 in the figure should be taken as P<.001. Prospective Memory results are not
shown in plots as these are expressed as odds ratios for a correct response: family history OR
1.01 (95% C10.93 to 1.10, P=.79, Prpr=.91); polygenic risk score OR 0.95 (95% CI 0.92 to
0.97, P<.001, Pgpr<.001).

Abbreviations: assoc., associates; Attn/Exec, Attention & Executive; CI, confidence interval;

comp., composite; FDR, false discovery rate; Proc., Processing.

29



Table 1. Demographic, Health, and Family History Characteristics in Each Cohort

Three ABCD Add Health UK Biobank
Generations (n=10,258)" (n=1,064)>* (n=45,899)"
(n=87)*
Demographics
Age at baseline
No. missing 27° 0 NA 0
Mean (SD), y 14.22 (4.98) 9.92 (0.63) NA 55.02 (7.55)
Age at follow-up
No. missing 0 0 0 0
Mean (SD), y 19.71 (6.55) 12.00 (0.66) 37.75 (1.88) 63.99 (7.71)
Duration from baseline to follow-
up
No. missing 27 0 NA 0
Mean (SD), y 7.84 (1.69) 2.08 (0.22) NA 8.97 (1.78)
Sex, No. (%)
No. missing 0 0 0 0
Female 42 (48) 4,899 (48) 584 (49) 23,605 (51)
Male 45 (52) 5,359 (52) 480 (51) 22,294 (49)
College degree, No. (%)
No. missing 35° NA 0 747
Yes 11(21) NA 415 (36) 21,154 (47)
Health Status
Lifetime depression, No. (%)
No. missing 0 184 2 0
Yes 18 (21) 662 (7) 347 (24) 5,507 (12)
Lifetime neurological condition,
No. (%)
No. missing 0 0 0 0
Yes 12 (14) 1,558 (15) 17 (2) 2,212 (5)
Family History of Depression
Parental history, No. (%)
No. missing 12 566 185 4,415
At least one parent with 21 (28) 3,059 (32) 344 (41) 4,401 (11)
depression
Multi-generation history, No. (%)
No. missing 6 570 293 NA
At least one parent or 53 (65) 4,447 (46) 392 (54) NA
grandparent with depression
Multi-generation ‘dose’, No. (%)
No. missing 12 901 427 NA
Neither generation 28 (37) 5,241 (56) 379 (56) NA
Grandparent only 26 (35) 1,324 (14) 34 (5) NA
Parent only 8 (11) 1,026 (11) 122 (23) NA
Both generations 13 (17) 1,766 (19) 102 (16) NA

joNleleNeoe)
[USIUR] ST\ ] S}
—O\O00]

[o)leNeo o Yo No)}
WLILILIWIL
~N NN RN

Abbreviations: ABCD, Adolescent Brain Cognitive Development study; Add Health, National Longitudinal Study of Adolescent to Adult Health; NA,
not applicable; No., number; SD, standard deviation.
Note: Ethnic categories, birth country categories, socioeconomic status measures, and cognitive measures were different in each cohort and so are
presented separately in eTables 1-4 in the Supplement. Descriptive statistics for polygenic scores are also provided in the eTables.

a. Total sample size refers to participants with data on at least one cognitive test. Within that, sample sizes available for analysis varied from model
to model, depending on which exposure measures and covariates were being analyzed.
b. Summary statistics (%, mean, SD) are weighted using svy commands in Stata. Sample sizes are reported as observed (unweighted).

c. Some participants did not attend Wave 5 themselves but did have family history data from their relatives at Wave 5 and so were included in the

analysis sample.
d. Only available for adult participants.
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Lower performance | Higher performance

ggrneitive n Estimate Eg\%c’e(r3I %Spoé)e(rzl P p(FDR)
Processing speed
CPT-II Hit RT 55 * 0.08 -0.77 0.94 0.849 0.849
Reasoning
Verbal 1Q 58 * 0.09 -0.73  0.92 0.824 0.849
Performance IQ 58 0.24 -0.28 0.77 0.377 0.849
Reasoning comp. 58 0.17 -0.48 0.82 0.618 0.849
Attention & Executive
Working Memory 58 0.20 -0.39 0.79 0.512 0.849
Dual Task Decr.  56¢€ -0.72 -1.54 0.10 0.099 0.849
CPT-Il Comm. Err.55 —— -0.09 -0.47 0.29 0.644 0.849
Stroop C-W Interf. 56 0.23 -0.50 0.96 0.541 0.849
Attn/Exec comp. 58 -0.11 -0.44  0.21 0.504 0.849
Memory
Aud/Ver Immed. 58 ¢ -0.07 -0.66 0.52 0.817 0.849
Aud/Ver Delayed 58 . -0.09 -0.75 0.56 0.785 0.849
Visual Immed. 58 -0.23 -0.83 0.38 0.470 0.849
Visual Delayed 58 ¢ —-0.38 -1.00 0.24 0.242 0.849
Memory comp. 58 -0.19 -0.64 0.25 0.406 0.849
I I I I
-15 -1 -5 0 1.5




Lower performance | Higher performance

:
Vocabulary

NIH Picture Vocab. 8,138 —r—
NIH Reading Recog. 8,106 —_—

Vocabulary comp. 8,140 —

Processing speed

NIH Pattern Comparisor6,296 ¢

Attention & Executive

NIH Flanker 6,324 —_——
Memory

NIH Picture Sequence 8,082 —_——
RAVLT Immediate 8,075 —
RAVLT Delayed 8,012 —
Memory comp. 8,389 ——

Estimate

0.02
-0.00
0.01

-0.06

-0.03

-0.09
-0.04
-0.04
-0.05

95% CI
Lower

-0.03
-0.06
-0.04

-0.15

-0.09

-0.15
-0.09
-0.10
-0.10

95% Cl
Upper

0.08
0.06
0.06

0.03

0.03

-0.03
0.01
0.01
-0.00

Y

0.445
0.992
0.724

0.163

0.278

0.005
0.143
0.107
0.034

p(FDR)

0.572
0.992
0.815

0.293

0.417

0.045
0.293
0.293
0.153




Lower performance | Higher performance

n
Vocabulary

NIH Picture Vocab. 4,450 ——
NIH Reading Recog. 4,437 —
Vocabulary comp. 4,451 ——]

Processing speed

NIH Pattern Comparisor8,601 —

Attention & Executive

NIH Flanker 3,617 ——
Memory

NIH Picture Sequence 4,424 ——
RAVLT Immediate 4,423 ——
RAVLT Delayed 4,395 ——
Memory comp. 4,594 ——

Estimate

-0.05
-0.02
-0.03

-0.04

-0.03

-0.07
-0.01
-0.01
-0.03

95% CI
Lower

-0.08
-0.06
-0.06

-0.09

—-0.06

-0.11
-0.04
-0.05
-0.06

95% Cl
Upper

-0.01
0.02
-0.00

0.01

0.01

-0.03
0.03
0.03
0.00

P p(FDR)

0.010 0.045
0.266 0.342
0.042 0.126

0.120 0.184

0.123 0.184

0.000 0.000
0.657 0.657
0.576 0.648
0.087 0.184




Lower performance | Higher performance

Cognitive 95% ClI  95% Cl
Score n Estimate Lower Upper p p(FDR)
Attention & Executive
Digit span 879 —— 0.03 -0.16 0.22 0.778 0.778
Memory
Word recall immed. 852 — -0.13 -0.30 0.05 0.165 0.220
Word recall delayed 855  —— -0.16 —-0.31 —0.01 0.043 0.120
Memory composite 861 —— -0.15 -0.30 0.00 0.060 0.120
o b
-6-.4.20.2.4.6




Lower performance | Higher performance

Cognitive 95% Cl 95% CI
Score n Estimate Lower Upper p p(FDR)
Attention & Executive
Digit span 348 —— 0.15 0.01 0.29 0.032 0.128
Memory
Word recall immed. 339 0.01 -0.13 0.15 0.889 0.889
Word recall delayed 338 -0.05 -0.21 0.12 0.582 0.889
Memory composite 341 -0.02 -0.15 0.12 0.800 0.889
o b
-6-.4.20.2.4.6




Cognitive
Score

Processing speed
Reaction time
Symbol-digit

Proc. speed comp.

Reasoning
Verbal-numerical
Matrix patterns

Reasoning comp.

Attention & Executive
Digit span

Trails A time

Trails A errors

Trails B time

Trails B errors

Trails B-A time
Tower test

Attn/Exec comp.

Memory

Visual memory-6pairs
Visual memory-8pairs
Verbal paired assoc.

Memory comp.

Lower performance | Higher performance

95% Cl
Lower

-0.06
-0.12
-0.08

-0.04
-0.05
-0.04

-0.03
-0.13
-0.08
-0.10
-0.10
-0.08
-0.11
-0.08

-0.06
-0.06
-0.01
-0.03

95% ClI
Upper

0.00
-0.05
-0.03

0.01
0.02
0.01

0.04
-0.06
0.03
-0.03
0.02
-0.01
-0.04
-0.03

0.01
0.05
0.05
0.02

P

0.077
0.000
0.000

0.322
0.396
0.344

0.911
0.000
0.420
0.000
0.200
0.023
0.000
0.000

0.139
0.885
0.282
0.489

p(FDR)

0.173
0.000
0.000

0.476
0.504
0.476

0.911
0.000
0.504
0.000
0.360
0.059
0.000
0.000

0.278
0.911
0.461
0.550

n Estimate
41,149 o | -0.03
29,863 —— -0.08
41,236 —_—— -0.05
40,659 — 1 -0.02
29,841 ——— -0.01
40,869 — -0.01
30,569 —_— 0.00
29,805 —— -0.10
29,871 ¢ -0.02
29,075 —— -0.07
29,684 -0.04
29,075 —— -0.04
29,576 —_— -0.08
30,873 —_—— -0.06
40,715 —t -0.03
16,174 <4 -0.00
30,176 —I— 0.02
41,026 —— -0.01
| | | | | |

-15 -1 -05 O 05 A1 15




Lower performance | Higher performance

(S:c?grneitive n Estimate Eg\j{;’ecr)I aspoé)e?I p p(FDR)
Processing speed
Reaction time 38,656 <> 0.00 -0.01 0.01 0.814 0.814
Symbol-digit 27,928 --- -0.03 -0.04 -0.02 0.000 0.000
Proc. speed comp. 38,743 <+ -0.01 -0.02 -0.00 0.004 0.006
Reasoning
Verbal-numerical 38,198 - -0.03 -0.04 -0.02 0.000 0.000
Matrix patterns 27,917 - -0.03 -0.04 -0.02 0.000 0.000
Reasoning comp. 38,401 L g -0.03 -0.04 -0.02 0.000 0.000
Attention & Executive
Digit span 28,572 - -0.02 -0.03 -0.01 0.002 0.003
Trails A time 27,873 -4 -0.03 -0.04 -0.01 0.000 0.000
Trails A errors 27,932 —— 0.00 -0.02 0.02 0.787 0.814
Trails B time 27,149 --- -0.05 -0.06 -0.03 0.000 0.000
Trails B errors 27,758 —— -0.03 -0.05 -0.02 0.000 0.000
Trails B-A time 27,149 --- -0.04 -0.05 -0.03 0.000 0.000
Tower test 27,682 - -0.01 -0.03 -0.00 0.010 0.013
Attn/Exec comp. 28,865 L g -0.03 -0.03 -0.02 0.000 0.000
Memory
Visual memory—6pairs 38,259 - -0.03 -0.04 -0.02 0.000 0.000
Visual memory-8pairs 15,243 —— -0.02 -0.03 -0.00 0.034 0.038
Verbal paired assoc. 28,216 - -0.01 -0.02 -0.00 0.013 0.016
Memory comp. 38,554 L 2 -0.02 -0.03 -0.01 0.000 0.000
I I I I I
-15 -1 -05 O .05 15
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