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Background

Cognitive impairment is strongly linked with persistent disability
in people with mood disorders, but the factors that explain
cognitive impairment in this population are unclear.

Aims

To estimate the total effect of (a) bipolar disorder and (b) major
depression on cognitive function, and the magnitude of the
effect that is explained by potentially modifiable intermediate
factors.

Method

Cross-sectional study using baseline data from the UK Biobank
cohort. Participants were categorised as having bipolar disorder
(n =2709), major depression (n =50975) or no mood disorder
(n=102931 and n = 105 284). The outcomes were computerised
tests of reasoning, reaction time and memory. The potential
mediators were cardiometabolic disease and psychotropic
medication. Analyses were informed by graphical methods and
controlled for confounding using regression, propensity score-
based methods and G-computation.

Results

Group differences of small magnitude were found on a visuo-
spatial memory test. Z-score differences for the bipolar disorder
group were in the range —0.23 to —-0.17 (95% CI —0.39 to —0.03)
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across different estimation methods, and for the major depres-
sion group they were approximately —0.07 (95% CI —0.10 to
—0.03). One-quarter of the effect was mediated via psychotropic
medication in the bipolar disorder group (-0.05; 95% Cl —0.09 to
—0.01). No evidence was found for mediation via cardiometa-
bolic disease.

conclusions

In a large community-based sample in middle to early old age,
bipolar disorder and depression were associated with lower
visuospatial memory performance, in part potentially due to
psychotropic medication use. Mood disorders and their treat-
ments will have increasing importance for population cognitive
health as the proportion of older adults continues to grow.
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Cognitive impairment is a key determinant of occupational and
social outcomes and quality of life in people with mood disorders."*
Up to 57% of adults with bipolar disorder and up to 50% of adults
with major depression show clinically significant levels of cognitive
impairment, even in euthymia.* In bipolar disorder, impairment is
typically found on tests of attention, working and episodic memory,
processing speed and executive function, with group differences of
medium to large effect size compared with adults without a history
of psychiatric illness.>® The profile of impairment is similar in
major depression, but with effect sizes of smaller magnitude.” The
causal nature of this relationship is unclear, however, because
approaches to accounting for confounding influences have been
inconsistent in the literature. Moving towards causal explanations
requires careful modelling of a range of potential confounding,
mediating and moderating factors, acknowledging the complexity
of their inter-relationships with mood disorder exposure, cognitive
outcome and each other. The application of novel confounder
control techniques in psychiatric epidemiology is not yet wide-
spread. The counterfactual approach, in which causal effects are
conceptualised as alternative ‘potential outcomes’” of an exposure,
can be linked with graphical notation in the form of directed
acyclic graphs (DAGs) to systematically identify causal effects in
complex systems.&9 This, in turn, informs rigorous statistical ana-
lyses and clarifies the assumptions needed to interpret estimates
as causal. In this study, we applied a graphical approach to under-
stand the structure of confounding and mediation with regard to
cognitive performance in UK Biobank'® participants with a
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history of bipolar disorder or major depression. We estimated the
total effect of bipolar disorder and major depression on cognitive
function, and the magnitude of the effect that was transmitted
through potentially modifiable intermediate factors.

Method

Participants

UK Biobank recruited adults from the general population across 22
centres in Great Britain between 2006 and 2010. The target age
range was 40 to 69 years and no other exclusion criteria were
applied. Postal invitation lists were generated from National
Health Service (NHS) registers, with a response rate of approxi-
mately 6%. We used cross-sectional data from the full cohort at
baseline (n =502 618). Participants were included in the analysis
if they had sufficient data to classify their bipolar disorder or
major depression exposure status (see below) and had data on at
least one cognitive outcome measure. We assert that all procedures
contributing to this work comply with the ethical standards of the
relevant national and institutional committees on human experi-
mentation and with the Declaration of Helsinki 1975, as revised
in 2008. All procedures involving human participants were
approved by the North West - Haydock NHS Research Ethics
Committee (reference 16/NW/0274 and 11/NW/0382). Written
informed consent was obtained from all participants.
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Mood disorder status

Three sources of information were available regarding history of
mood disorder: self-reported doctor diagnosis; probable classifica-
tion based on self-reported lifetime mood disorder symptoms and
help-seeking;'' and linked NHS hospital in-patient and day case
records. The definitions used in these sources are provided in the
supplementary Methods available at https:/doi.org/10.1192/bjp.
2019.188. To permit consistency across each information source,
a single manic episode and bipolar disorder were analysed as one
exposure (mania/bipolar disorder) and the major depression expos-
ure included single episode and recurrent illness.

Participants were classified as exposed if they were positive for
mania/bipolar disorder or major depression in at least one informa-
tion source. Mania/bipolar disorder and major depression were then
separated hierarchically into two mutually exclusive exposure
groups. Participants with a record of both mania/bipolar disorder
and major depression were classified in the mania/bipolar disorder
group only. The unexposed comparison group comprised partici-
pants who had complete self-reported data that did not indicate
mania/bipolar disorder or major depression and whose hospital
records had no primary or secondary diagnosis of mania/bipolar
disorder or major depression. Furthermore, because misclassifica-
tion is common between mania/bipolar disorder and schizophrenia
spectrum disorders,'* participants with a self-reported diagnosis or
hospital record of schizophrenia (ICD-10 code F20*) were excluded
from all exposed and unexposed groups. In summary, the final
groups for analysis were: mania/bipolar disorder (excluding partici-
pants with only major depression and those with schizophrenia);
major depression (excluding participants with mania/bipolar dis-
order and those with schizophrenia); and unexposed (complete
data indicating no mania/bipolar disorder or major depression or
schizophrenia). Participants who did not meet the above criteria
for either the exposed or unexposed groups were not further ana-
lysed (e.g. those with incomplete data, preventing inclusion in the
unexposed group).

Cognitive outcome measures

The cognitive measures analysed were reasoning, reaction time,
numeric memory, visuospatial memory and prospective memory,
as described in detail elsewhere.'> All tests were administered via
a touchscreen computer. The psychometric properties of these
tests have been reported previously.'* The data were provided by
UK Biobank as raw scores, and for the purposes of the present ana-
lysis were standardised within 5-year age strata, using all available
data in the cohort at baseline. Five-year bands were deemed appro-
priate in light of the typical rate of age-related change in cognitive
performance in middle to older adulthood."” To address skew in
the raw data distributions, the scores were first transformed into
percentiles and then into z-scores (mean=0 and s.d.=1). The
scores for reaction time and visuospatial memory were reflected
so that higher scores represent better performance, in line with
the other tests. It was not possible to standardise the prospective
memory data in this way because responses were dichotomised
(correct response at the first attempt or not), and so the raw data
were used in the analyses involving this test.

Covariates
Sociodemographic, environmental, lifestyle and physical measures

Details of these measures are provided in the supplementary
Methods. Briefly, the sociodemographic variables were age,
gender, ethnic background, country of birth, educational attainment
and neighbourhood deprivation level. Local environment measures
comprised population density, proximity to the nearest major road,
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and air pollutants (particulate matter and nitrogen dioxide).
Lifestyle and physical measures comprised smoking, alcohol con-
sumption, insomnia, physical activity and body mass index (BMI).

Medical and family history

A dichotomous indicator was created for history of any cardiometa-
bolic disease (self-reported diagnosis of angina, hypertension or
non-gestational diabetes, or adjudicated diagnosis of myocardial
infarction or stroke; see supplementary Methods). A dichotomous
indicator was also created for history of any neurological or psychi-
atric condition (apart from mood disorder or schizophrenia) in the
self-reported or hospital records data; the conditions included are
listed in the supplementary Methods. Family history of certain
illnesses in biological parents and siblings was included in the
baseline questionnaire, and for the present analyses dichotomous
indicators were generated for history of psychiatric or neurological
conditions (dementia, Parkinson’s disease or severe depression,
coded separately) in any parent or sibling. Participants also self-
reported whether their mothers had smoked regularly around the
time of their birth.

Mental health and psychotropic medication

In addition to the self-reported and hospital records data regarding
psychiatric diagnoses, participants provided self-reported informa-
tion at baseline about depressive symptoms in the past 2 weeks and
current psychotropic medications (dichotomous indicator for any
mood stabiliser, antidepressant, antipsychotic, sedative or hyp-
notic), as detailed in the supplementary Methods. Self-reported
information regarding number of episodes of depressed mood or
anhedonia was collected at baseline and in a web-based follow-up
questionnaire in 2016, and data regarding childhood trauma experi-
ences were also collected in the web-based questionnaire (see sup-
plementary Methods).

Genome-wide polygenic scores

Genome-wide polygenic scores (GPS) were generated for cognitive
ability, bipolar disorder and major depression, based on summary
statistics from previous genome-wide association studies (GWAS).
Full details of the genotyping data, GPS methods and optimum
scores used in the present analyses are provided in the supplemen-
tary Methods.

Statistical analyses
Graphical models

The analyses were informed by a graphical model in the form of a
DAG, which is used to visually represent qualitative causal assump-
tions.'® The structural nature of these assumptions permits the
detection of implied patterns of dependency and independency
among variables, which can then be tested with data. Structural ana-
lysis of the DAG allows confounders, mediators and colliders to be
distinguished when planning multivariable analyses.'®

A DAG was constructed to represent plausible causal assump-
tions about the relationship between lifetime history of mania/
bipolar disorder and cognitive performance, in the context of pos-
sible confounding factors and intermediate pathways. This was
done before any data were analysed. The nodes in the DAG and
the assumed directional relationships between them were deter-
mined from previous systematic reviews of cognitive function in
bipolar disorder,>>'”~** as well as general background knowledge
and assumptions regarding other shared causes that it was necessary
to depict in order for the DAG to have a causal interpretation.'® The
fit of the DAG to the data was then evaluated by estimating partial
correlation coefficients for each pair of nodes that were predicted to
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be independent. Detection of a correlation between nodes that were
predicted to be independent may indicate that the DAG has been
misspecified. Where the results indicated lack of independence
(i.e. partial correlation coefficient >|0.1]*°), follow-up regression
models were conducted to obtain further detail. Modifications to
the structure of the DAG were then considered. A detailed
account of the construction and evaluation of the DAG is provided
in the supplementary Methods.

The DAG used in the major depression analyses was based on
the final DAG used in the mania/bipolar disorder analyses, with
an arrow added from gender to major depression; studies have con-
sistently shown higher prevalence of depression in women,*® and it
was assumed in the DAG that this relationship was at least partly
causal. No arrows were removed compared with the mania/
bipolar disorder DAG, on the assumption that similar causal rela-
tionships might be operating to explain cognitive impairment in
both disorders.

Total effects

The total effect of each mood disorder exposure on cognitive per-
formance was firstly identified in the DAGs using DAGitty software
version 0.2-2 for R (Windows).”” The DAGitty algorithm applies
d-separation rules®*® to find all the confounding paths between
the exposure and the outcome and ascertains whether there is a
set of nodes which, if conditioned on in the analysis, would
‘block’ these confounding paths. This information was then used
to plan regression- and matching-based analyses to estimate the
effect in the data-set. This was estimated separately for each of the
five cognitive outcome measures, to allow for the possibility of
task-specific variation in the results. Results are reported as standar-
dised mean differences or risk differences with 95% CI. Further
details of the estimation methods are given in the supplementary
Methods.

Mediation analyses

The DAGs were used to assess whether indirect effects via various
mediators of interest could be identified. This required all con-
founding paths between the exposure and the mediator and
between the mediator and the outcome to be blocked, as well as
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those between the exposure and the outcome. Where this require-
ment was satisfied (i.e. covariate adjustment sets could be found),
G-computation was used to estimate the natural direct and indirect
effects.”” This was implemented using the Stata package gformula
version 1 (2011) for Windows;>° gformula permits mediation ana-
lysis in the presence of intermediate confounding, whereby a medi-
ator-outcome confounder is itself caused by the exposure. Results
are reported as standardised mean differences or risk differences
with 95% CI.

Sensitivity analyses

Additional analyses were conducted to evaluate the sensitivity of the
results to various potential sources of bias, including residual con-
founding, missing data and exposure misclassification (see supple-
mentary Methods). These informed our interpretation with regard
to key threats to the validity of the analytic framework.

Reporting follows STROBE guidelines.”!

Data availability

The corresponding author had full access to the original UK
Biobank data and the derived data generated while conducting
this study. UK Biobank is an open access resource. Data are avail-
able to bona fide scientists, undertaking health-related research
that is in the public good. Access procedures are described at
http://www.ukbiobank.ac.uk/using-the-resource/.

Results

Cognitive impairment in mania/bipolar disorder
Characteristics of the sample

Supplementary Fig. 2 shows a flowchart of exclusions leading to the
final analysis sample, which comprised 2709 participants with
mania/bipolar disorder and 105284 comparison participants. The
descriptive results indicated worse cognitive performance and less
favourable covariate characteristics in the mania/bipolar disorder
group, although they were younger on average and more likely to
have a university/college degree (Table 1 and supplementary
Table 5).

Complete covariate data®

a. Participants with complete data on all the covariates that were entered into the maximally adjusted total effects models (age, gender, White British genetic ancestry, English-speaking
country of birth, university/college degree, comorbid neurological/psychiatric condition, family history of dementia, family history of Parkinson’s disease, family history of severe depression,

Comparison Mania/bipolar disorder Comparison
105 284 504 26997
1627 (1.6) 1(0.3) 89 (0.3)
—-0.20 (0.97) 0.05 (0.96) 0.12 (0.92)

0.70 0.70 0.68
1167 (1.1) 1(0.2) 72 (0.3
—0.03 (0.98) 0.03 (0.94) 0.07 (0.96)
0.82 0.72 0.82
755 (2.4) 0.0 51(0.7)
—-0.35 (0.94) —-0.23 (1.08) —-0.16 (0.93)
2896 (2.8) 10 (1.2) 212 (0.8)
0.26 (1.05) 0.20 (1.09) 0.37 (1.03)
80502 (76.9) 286 (80.3) 23112 (85.7)

Table 1 Summary of cognitive outcome measures in the mania/bipolar disorder and comparison groups
All available data
Mania/bipolar disorder
n 2709
Reasoning z-score
n (%) missing® 31(1.8)
Mean (s.d.) -0.35 (1.07)
Cronbach’s o 0.71
Reaction time z-score
n (%) missing 51 (1.9
Mean (s.d.) -0.19 (1.01)
Cronbach’s o 0.82
Numeric memory z-score
n (%) missing® 18 (3.9)
Mean (s.d.) —0.52 (1.00)
Visuospatial memory z-score
n (%) missing 157 (5.8)
Mean (s.d.) 0.07 (1.07)
Prospective memory®©
n (%) correct 1264 (72.1)
maternal smoking around birth, childhood trauma, education/cognition genome-wide polygenic score (GPS), bipolar disorder GPS).
b. Missing data refers only to the period when this measure was included in the battery.
¢. No missing data.
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Estimation Total 95% Cl 95% Cl

method n Estimate lower  upper

Unadjusted regression

All available data 104 940 - -0.194 -0.236 -0.152

Complete data only 27279 —— -0.171 0268 -0.075

Multiple regression w/covariates

Minimum adjustment set 22895 —— -0.176  -0.286 -0.066

All common ancestors 22851 —— -0.167 -0.277 -0.056

Multiple regression w/propensity covariate

Propensity score continuous 22819 —— -0.166 0277 -0.056

Propensity score deciles 22819 —— -0.173 -0.284 -0.062

Propensity score matching

1:1 matching 798 — -0.196 0362 -0.030

1:3 matching 1460 —— -0.234  -0.386 -0.082

Propensity score weighting

Inverse probability weighting (IPW) 22819 —— -0.220 -0.384 -0.056

Doubly robust (propensity and covariates)

Regression w/IPW and covariates 22819 —— -0.202  -0.348 -0.056

teffects IPWRA 22851 — -0.187 -0.328 -0.047

teffects augmented IPW 22851 —— -0.194  -0.344 -0.044
[ I I

Fig. 1 Total effect of mania/bipolar disorder on visuospatial memory.

T 11 |

w, with; IPW, inverse probability weighting; IPWRA, inverse probability weighting with regression adjustment; teffects, Stata v15 teffects package.

Estimates are in z-score units and can be interpreted as standardised mean differences. The minimum sufficient adjustment set comprised gender, educational attainment, English-
speaking birth country, ethnicity, education/cognition genome-wide polygenic score (GPS), bipolar disorder GPS, family history of dementia or Parkinson’s disease, maternal
smoking around birth, childhood trauma and comorbid psychiatric/neurological conditions. The extended adjustment set (‘all common ancestors’) also included age and family
history of depression. This extended adjustment set was used as the predictor set for the propensity score model. Ethnicity was accounted for in all the multivariable analyses and in
the propensity score estimation by restricting these to participants of White British genetic ancestry. The GPS scores were residualised as described in the supplementary Methods,

and were entered as deciles, based on the distribution in the full analysis sample.

Evaluation of the graphical model

The original DAG is shown and explained in the supplementary
Methods. The different predicted independences implied by alter-
native plausible specifications of this DAG were tested (see supple-
mentary Results for details). Supplementary Fig. 3 shows the best
fitting DAG, which was used as the basis for the analysis models.

Total effects

Only the visuospatial memory test (Fig. 1) and, more equivocally,
the prospective memory test (supplementary Fig. 4) indicated a det-
rimental effect of mania/bipolar disorder that remained evident in
the multivariable models. The effect sizes were small: the mania/
bipolar disorder group scored approximately 0.2s.d. lower than
the unexposed comparison group on the visuospatial memory
test, and the proportion of the mania/bipolar disorder group suc-
ceeding on the prospective memory task was lower by approxi-
mately 5 percentage points (approximately 82% in the mania/
bipolar disorder group versus 87% in the unexposed group). The
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visuospatial and prospective memory estimates showed little
change between the unadjusted and adjusted/matched models,
whereas the estimates for the other three cognitive measures gener-
ally attenuated towards the null (supplementary Figs 5-7).

Mediation analyses

Structural analysis of the DAG indicated that direct and indirect
effects could be decomposed for two potentially modifiable media-
tors: cardiometabolic disease and psychotropic medication. Further
details of these models are provided in the supplementary Results.
There was no evidence of substantive indirect effects via cardi-
ometabolic disease in any of the models (supplementary Table 8).
There was evidence that the previously noted detrimental effect
of mania/bipolar disorder on visuospatial memory was indirectly
transmitted via psychotropic medication (supplementary Table 9).
Of the estimated total effect of —0.19 s.d. units (95% CI —0.31 to
—0.08), approximately one-quarter was mediated via psychotropic
medication (—0.05; 95% CI —0.09 to —0.01). Indirect effects were
also evident in the reasoning, reaction time and prospective
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Table 2 Summary of cognitive outcome measures in the major depression and comparison groups

All available data

Major depression

n 50975
Reasoning z-score

n (%) missing® 421 (1.3)

Mean (s.d.) —0.20 (0.96)

Cronbach’s o 0.69
Reaction time z-score

n (%) missing 534 (1.1)

Mean (s.d.) —0.08 (0.98)

Cronbach’s o 0.82
Numeric memory z-score

n (%) missing® 252 (2.6)

Mean (s.d.) -0.39 (0.93)
Visuospatial memory z-score

n (%) missing 1653 (3.2)

Mean (s.d.) 0.19 (1.05)

Prospective memory®©

n (%) correct 25006 (78.0)

b. Missing data refers only to the period when this measure was included in the battery.
¢. No missing data.

a. Participants with complete data on all the covariates that were entered into the maximally adjusted total effects models (age, gender, White British genetic ancestry, English-speaking
country of birth, university/college degree, comorbid neurological/psychiatric condition, family history of dementia, family history of Parkinson’s disease, family history of severe depression,
maternal smoking around birth, childhood trauma, education/cognition genome-wide polygenic score (GPS), major depression GPS).

Complete covariate data®
Comparison Major depression Comparison
102931 11662 26392
1584 (1.6) 25(0.3) 84 (0.3
-0.20 (0.97) 0.10 (0.90) 0.13(0.92)
0.70 0.66 0.68
1139 (1.1) 34 (0.3 68 (0.3)
—0.03 (0.98) 0.04 (0.94) 0.07 (0.95)
0.82 0.82 0.82
733 (2.4) 18 (0.8) 49 (0.7)
—0.35 (0.94) —-0.24 (0.90) —-0.17 (0.93)
2843 (2.8) 106 (0.9) 206 (0.8)
0.26 (1.05) 0.30 (1.04) 0.37 (1.03)
78 673 (76.8) 7003 (85.6) 22591 (85.7)

memory models, although the total effects estimates in these models
did not show reliable decrements for mania/bipolar disorder.

Sensitivity analyses

The results of the sensitivity analyses are provided in the supple-
mentary Results. Briefly, these indicated that: the total effects
results for visuospatial memory are likely to be sensitive to expos-
ure misclassification and would not be robust to an unmeasured
confounder with even a weak association with exposure group
membership (leading to minimally unbalanced odds of exposure,
i.e. 45/55); the total effects results showed less attenuation when
missing covariate data were imputed; the mediation results with
imputation of missing covariate data showed stronger evidence
for an indirect effect via psychotropic medication, but no evidence
of an indirect effect via cardiometabolic disease; the DAGitty
algorithm determined that there were six other DAGs that were
equivalent to the DAG shown in supplementary Fig. 3, but none
of these alternative configurations was causally plausible.

Cognitive impairment in major depression
Characteristics of the sample

Supplementary Fig. 9 shows that the analysis sample comprised 50
975 participants with major depression and 102 931 comparison
participants. Table 2 summarises their cognitive outcome data,
and supplementary Table 12 summarises their covariate data.

Evaluation of the graphical model

The different predicted independences implied by alternative plaus-
ible specifications of the DAG were tested (see supplementary
Results). The best fitting DAG followed the same structure as that
used in the mania/bipolar disorder analysis, with the addition of a
path between gender and major depression.

Total effects

Major depression was negatively associated with visuospatial
memory performance in the multivariable models (Fig. 2). The
effect size was very small, with the major depression group
scoring approximately 0.07 s.d. lower than the comparison group.
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Group differences were not seen on the other cognitive measures
(supplementary Figs 10-13).

Mediation analyses

As with the mania/bipolar disorder analyses, direct and indirect
effects could be decomposed via cardiometabolic disease and via
psychotropic medication (see supplementary Results). There was
no evidence of substantive indirect effects via cardiometabolic
disease in any of the models (supplementary Table 16). There was
little evidence of mediation via psychotropic medication (supple-
mentary Table 17): approximately one-third of the total effect on
visuospatial memory (itself of very small magnitude, at —0.058)
was estimated to be indirect, but the confidence interval included
the null (—0.019; 95% CI —0.040 to 0.003).

Sensitivity analyses

The sensitivity analyses (see supplementary Results) indicated that:
the total effects results for visuospatial memory are likely to be sen-
sitive to exposure misclassification and would not be robust to an
unmeasured confounder with even a very weak association with
exposure group membership; the total effects results for reaction
time showed less attenuation when missing covariate data were
imputed; the mediation results with imputation of missing covariate
data showed stronger evidence for an indirect effect via psycho-
tropic medication, but no evidence of an indirect effect via cardio-
metabolic disease; there were six structurally equivalent DAGs but
none was causally plausible.

Discussion

This study demonstrates small but robust associations between
mood disorders and cognitive function in a large community-
based sample, with rigorous confounder control based on exten-
sively evaluated graphical models and analytical methods. A total
effect of mania/bipolar disorder on cognitive function was evident
on a test of short-term visuospatial memory, but not on other
tests. The magnitude of this effect was small, with the point esti-
mates across the various matched/adjusted models being in the
range —0.23 to —0.17 s.d. units. There was evidence of an indirect
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Estimation Total 95% Cl 95% Cl

method n Estimate lower upper

Unadjusted regression

All available data 149410 - -0.070  -0.081 -0.059

Complete data only 37742 —— -0.076  -0.099 -0.053

Multiple regression w/covariates

Minimum adjustment set 31930 —— -0.068  -0.093 -0.043

All common ancestors 31875 e -0.065  -0.091 -0.040

Multiple regression w/propensity covariate

Propensity score continuous 31826 —— -0.065 -0.091 -0.039

Propensity score deciles 31826 —— -0.065 -0.090 -0.039

Propensity score matching

1:1 matching 14432 —— -0.066  -0.097 -0.034

1:3 matching 22761 —— -0.069  -0.097 -0.040

Propensity score weighting

Inverse probability weighting (IPW) 31826 —— -0.067  -0.093 -0.040

Doubly robust (propensity and covariates)

Regression w/IPW and covariates 31826 —— -0.067  -0.093 -0.040

teffects IPWRA 31875 —— -0.067 -0.094 -0.041

teffects augmented IPW 31875 —— -0.067  -0.094 -0.041
I I I I I I

-0.15 -0.1-0.05 0 0.05 0.1 0.15

Fig. 2 Total effect of major depression on visuospatial memory.

w, with; IPW, inverse probability weighting; IPWRA, inverse probability weighting with regression adjustment; teffects, Stata v15 teffects package.

Estimates are in z-score units and can be interpreted as standardised mean differences. The minimum sufficient adjustment set comprised gender, educational attainment, English-
speaking birth country, ethnicity, education/cognition genome-wide polygenic score (GPS), major depression GPS, family history of dementia or Parkinson'’s disease, maternal
smoking around birth, childhood trauma and comorbid psychiatric/neurological conditions. The extended adjustment set (‘all common ancestors’) also included age and family
history of depression. This extended adjustment set was used as the predictor set for the propensity score model. Ethnicity was accounted for in all the multivariable analyses and in
the propensity score estimation by restricting these to participants of White British genetic ancestry. The GPS scores were residualised as described in the supplementary Methods,

and were entered as deciles, based on the distribution in the full analysis sample.

effect through psychotropic medication, accounting for approxi-
mately one-quarter of the total effect, but (perhaps surprisingly)
not through cardiometabolic disease. The total effect of major
depression on cognitive performance followed a similar pattern to
that of mania/bipolar disorder, although with an effect size of
around one-third the magnitude. The proportion of the total
effect mediated by psychotropic medication was similar to that in
mania/bipolar disorder, but the confidence interval was wide and
the estimate was reliably different from the null only after imput-
ation of missing data. The effect estimates for both mood disorders
are likely to be sensitive to residual confounding and exposure mis-
classification, and they may be biased towards the null as a result of
missing covariate data.

The complexity inherent in this area was acknowledged and
addressed by developing and evaluating comprehensive graphical
models and by incorporating a broad range of genetic, sociodemo-
graphic, environmental, lifestyle and clinical measures in the ana-
lyses. Model estimation was conducted in multiple ways, and
quantitative and graphical sensitivity analyses were carried out to
investigate the robustness of the results to key assumptions. The
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samples were substantially larger than those used in previous
studies in the field, allowing small effect sizes to be estimated with
precision.

The observed gradation in severity of impairment on the visuo-
spatial memory task across mania/bipolar disorder and major
depression is congruent with previous reports,” although the mag-
nitude of the difference compared with the non-mood-disorder
group is notably smaller.'”'®** The absence of group differences
on the other cognitive tasks was surprising, in light of previous
research showing multidomain impairments, and it remains
unclear to what extent this reflects insufficient adjustment for con-
founding in previous studies, the characteristics of the UK Biobank
cohort, or the possibility that memory performance is a particularly
sensitive marker of cognitive function in mood disorders.

The results also contribute to the evidence base on the relation-
ship between psychotropic medication and cognitive impairment,
which has been repeatedly highlighted in previous studies.”
Mediation analyses, taking account of intermediate confounders
such as past depressive episodes, indicated that an appreciable pro-
portion of the detrimental effect of mania/bipolar disorder on
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visuospatial memory performance was accounted for by this. The
interplay between reasons for prescribing - especially of anti-
psychotic medications - and affective remission in understanding
this relationship is not yet understood, but the present results
appear to confirm that psychotropic medications warrant closer
study as potential modifiable causes of cognitive impairment in
mood disorders.

Limitations

The analyses were necessarily limited by the data collected in the UK
Biobank resource: many of the measures were brief, key cognitive
functions such as verbal memory were not assessed and clinician
diagnoses were unavailable. The reliability of some of the cognitive
measures is suboptimal.'* This may cause imprecision in effect size
estimates,” but such imprecision is mitigated by the large sample in
the present study. However, imprecision that is not due to random
error could result in underestimated magnitudes of associations.
The cognitive tests administered in UK Biobank may be less sensi-
tive than the neuropsychological assessments used in clinical
studies, which may partly account for the small group differences
observed here. Assumptions about the temporal order of the vari-
ables could not be verified empirically. Conducting estimation
one mediator at a time may lead to erroneous conclusions about
the contribution of each mediator to the overall effect.’* Possible
collider stratification bias should be acknowledged;™ it is likely
that people with a history of less severe mood disorder and better
cognitive function will have joined UK Biobank, and this will
have been amplified further in the patterns of missingness across
the cognitive outcome measures and the covariates. What is
unknown, however, is the magnitude of the bias arising from col-
lider stratification and how this compares with similar or opposing
biases from residual confounding. The missing-at-random assump-
tion that is required for multiple imputation is arguably not valid for
some of the measures in these analyses, given the probability that,
for example, missingness on mental health-related measures will
be influenced by true mental health status. Finally, the UK
Biobank cohort is not representative of the UK population; associa-
tions may be heterogeneous across other populations.*®

Cconclusions and future directions

A small group difference in visuospatial memory performance was
observed between mood disorder and comparison groups in this
large general population cohort. Mediation analyses highlighted a
potential causal pathway through psychotropic medication use.
Our understanding of causal pathways towards cognitive impair-
ment in psychiatric and neurological conditions will improve as
the UK Biobank cohort is followed up over time and other prospect-
ive cohorts, such as the Avon Longitudinal Study of Parents and
Children,>” mature into adulthood. The availability of a fuller
range of background and intermediate data, including early life
factors, premorbid cognitive ability measures and brain imaging,
will expand the kinds of causal effects that can be identified in
models such as those proposed here. Linkage with prescribing
data will permit more detailed investigation of the role of different
classes of psychotropic medication, and combinations thereof, in
explaining adverse cognitive outcomes.
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