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ABSTRACT
Background: In bipolar disorder (BD), physical inactivity and sedentary behaviour are prevalent and have been linked to BD's 
cognitive symptoms, although the directionality of these links is not clear. This proof-of-concept study examined whether cog-
nitive function during mid- and later-life was prospectively related to physical activity and sedentary time, and whether the 
association differed in presence or extent between those with BD and healthy controls.
Methods: Relevant UK Biobank data were available for 646 BD participants and 18,041 psychiatrically healthy controls, aged 
40–69 years at baseline. Cognition was assessed during a baseline assessment, and wrist-worn accelerometry data were collected 
at a follow-up assessment 2.8–6.6 years later. Regression analyses examined prospective relationships of global cognition, diag-
nostic group, and their interaction, with physical activity (total, light, and moderate to vigorous) and sedentary time.
Results: Baseline cognitive function was inversely associated with light physical activity (coeff. = −5.64, 95% CI: −6.30 to 
−4.98) and positively associated with sedentary time (coeff. = 5.17, 95% CI: 4.48–5.86) and moderate-to-vigorous physical activity 
(coeff. = 0.48, 95% CI: 0.28–0.68) at follow-up. Observed effect sizes were small but significant. In general, associations were not 
moderated by age or diagnostic group.
Conclusions: The current study provides preliminary evidence that cognitive function may influence subsequent physical ac-
tivity and sedentary time similarly in those with BD and healthy controls; however, further research is needed to confirm and 
further explore this findings.
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1   |   Introduction

Bipolar disorder (BD) is associated with low levels of physical ac-
tivity and its more structured form, exercise, as well as with higher 
amounts of sedentary time, even when euthymic, resulting in 
those with BD often not meeting recommended physical activity 
guidelines [1, 2]. Impairments in cognitive function are also appar-
ent for more than 50% of those with BD, affecting various cognitive 
domains, as well as cognition globally, during symptomatic and 
asymptomatic states [3, 4]. Existing general population research 
has largely linked increased physical activity and reduced seden-
tary time to better cognition [5–8], however research on these links 
in BD is sparse and the directionality inconsistent [9–13]. Indeed, 
recent work from our group has shown a negative association in 
which high levels of self-reported physical activity (in comparison 
to low–moderate levels) were associated with a lower global cogni-
tive score in BD [9, 13], while other BD studies have found positive 
associations [10, 14], and in a separate study failed to observe any 
associations [12].

The temporal directionality of the associations between physi-
cal inactivity or sedentariness and cognitive impairment is not 
clear, as most observational studies on the topic in those with 
and without BD have been conducted using cross-sectional de-
signs. Despite this, there is often an implicit assumption that 
cognitive impairment is the consequence of physical inactivity 
and a sedentary lifestyle, leading to assertions that interventions 
targeting a more active lifestyle will improve cognition in both 
the general population and in BD populations specifically [6, 15]. 
A recent umbrella review, however, of 24 meta-analyses of inter-
ventional studies reported only small exercise-related benefits 
on cognition that became almost negligible after accounting 
for key moderators and correcting for publication bias [16]. It 
is plausible that these weak intervention effects were because 
baseline cognitive functioning impacts physical activity levels or 

sedentary behaviour [17–20] more than physical activity levels 
and/or sedentary behaviour affecting cognition.

Cognition can be bidirectionally associated with motivation and 
reward processing, which are important for the adoption and 
maintenance of physical activity [21]. Motivation may be nega-
tively influenced by executive control and planning difficulties 
[22], which are necessary for self-evaluation, monitoring, and 
self-reinforcement (components of self-regulation) [23]. Thus, it 
is plausible that individual differences in cognitive function in-
directly influence the extent of later physical activity and seden-
tary behaviour, though evidence that motivational and reward 
processes change across the lifespan suggests that the nature of 
this influence may vary as a function of age [24–26]. This may be 
particularly relevant to the ‘later-life’ period (e.g., ~60 years and 
above) in which mental processes are known to deteriorate, and 
physical activity becomes less intense and less regular [27–29].

In BD, in addition to widely recognised impairments in executive 
function, motivation and reward processing are also known to be 
dysregulated [30–32]. Thus, the influence of cognition on physical 
activity and sedentariness may be even more pronounced in this 
group than that of the general population. However, the extent to 
which cognition may predict later levels of physical activity or sed-
entary behaviour in BD, or in those without, is largely unknown. 
Evidence on whether different types of physical activity may be 
differently influenced by cognition is also lacking, although intu-
itively it seems likely that impairments in motivation and reward 
processing (and thus cognition generally) would particularly im-
pact more vigorous or intentional types of physical activity, such 
as exercise, compared to impacting more incidental lighter types 
of activity, such as walking.

There is considerable potential to address the paucity of research 
on cognition and physical activity and sedentary behaviour in 
BD using the UK Biobank dataset [33]. This dataset is a unique 
resource with baseline cognitive data available for a large sam-
ple of those with BD and psychiatrically healthy controls, as well 
as objective measurements of physical activity and sedentary 
time available for a sub-sample of participants at a follow-up 
timepoint (2.8–6.6 years later).

1.1   |   Aims of the Study

In this proof-of-concept study, we used the UK Biobank dataset 
to specifically examine whether cognitive function was prospec-
tively associated with later levels of physical activity and sedentary 
time, and whether these associations differed in presence or extent 
between those with and without BD. We also examined whether 
these associations differed according to age, as well as different 
forms of physical activity, namely light physical activity (e.g., 
walking and/or habitual activities) compared with moderate-to-
vigorous physical activity (MVPA) (e.g., cycling, running).

2   |   Materials and Methods

We accessed the UK Biobank; a prospective dataset of ap-
proximately 500,000 participants, aged 40–69 at baseline. 
Data across a wide range of lifestyle, health, demographic, 

Summary

•	 Significant outcomes
○	 Baseline cognitive performance was associated with 

increased levels of moderate to vigorous physical 
activity and sedentary time, and decreased levels of 
light physical activity, at a follow-up 2.8–6.6 years 
later.

○	 The association of cognitive function with both 
physical activity and sedentary time was overall not 
moderated by diagnostic group or age.

•	 Limitations
○	 A composite cognitive score was used to provide 

greater measurement validity; however, it is likely 
certain cognitive domains are more relevant to phys-
ical activity and sedentary behaviour than others.

○	 Confounding factors that are known to cause fluc-
tuations in physical activity and time spent being 
sedentary over prolonged periods, such as mood 
state and recent life events, were not collected in the 
dataset.

○	 Accelerometry data were not collected on more than 
one occasion or at the same time as the cognitive 
assessment.
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cognitive, and biological variables were collected across 22 cen-
tres throughout the UK, with baseline assessments conducted 
between February 2005 and October 2010. This included the 
collection of three cognitive tests. An additional cognitive test 
was added to the existing protocol in the final 2 years of the as-
sessment period (2009–2010). We included this cognitive test 
in the current study, and thus only sampled baseline data col-
lected between 2009 and 2010. Device-measured physical ac-
tivity and sedentary time data were collected at a subsequent 
timepoint (2.8–6.6 years later) from a subset of some 100,000 
participants between June 2013 and December 2015 (refer to 
Figure 1 for visualisation of the data collection timeline). No 
other data (including cognitive data) were collected at this 
same timepoint. Full details of the data collection procedures 
are provided elsewhere [33]. The UK Biobank has approval 
from the Northwest Multi-Centre Research Ethics committee 
(reference 16/NW/0274 and 11/NW/0382), and all participants 
gave written informed consent.

2.1   |   Diagnostic Criteria for Participants 
and Healthy Controls

BD status was determined using a combination of self-report 
data and hospital records. Participants were classified as having 
BD if: (1) they matched ICD-10 diagnostic codes for BD, (2) they 
self-reported having BD, mania, or manic depression during 
an interview with a trained nurse, (3) they fulfilled criteria for 
having BD based on the mood disorder questionnaire given at 
baseline, or (4) they fulfilled criteria for having BD based on the 
online mental health questionnaire completed between 2016 
and 2017. The full methodology of categorising participants 
based on the baseline mood disorder questionnaire is detailed in 
a previous study that assessed the prevalence of mood disorders 
in the cohort [34]. In brief, the study used a touchscreen ques-
tionnaire based on symptoms within the Structured Clinical 
Interview for DSM-IV axis I disorders (introduced in the final 
2 years of recruitment; subsample of ~120,000 participants) to 

identify participants as likely having BD type I or type II, major 
depressive disorder, or no indicated mental disorder. This cate-
gorisation was validated against other demographic and clinical 
information available in the dataset. Participants who completed 
the online mental health questionnaire (subsample of ~100,000 
participants) were categorised as having lifetime bipolar disor-
der if they reported a period of feeling high, hyper, excited, or 
intense irritability that lasted at least 1 week and was associated 
with at least four manifestations of mania (for full details see 
Davis et al. [35]).

Participants were classified as healthy controls if they did not 
meet any of the above criteria, did not have any other mental 
disorder (as determined by ICD-10, self-report, and baseline and 
online mental health questionnaire classifications), and were 
not using any type of psychotropic medication. If participants 
met any of these criteria, they were excluded from the study. 
Participants who were pregnant, as well as those with neuro-
logical conditions known to affect cognitive functioning were 
also excluded from both the BD and psychiatrically healthy 
control groups (see Supporting Information Appendix S1 for a 
detailed list).

2.2   |   Baseline

2.2.1   |   Cognitive Assessment

Cognitive functioning was assessed through a brief computerised 
battery (15 min) obtained at baseline, which was developed specif-
ically for the UK Biobank and designed to be completed electroni-
cally without examiner supervision. Assessments were completed 
at the UK Biobank assessment centres and included measurement 
of the following cognitive domains: visuospatial memory, process-
ing speed, reasoning, and prospective memory.1 In the current 
study, scores were coded so that higher scores equated to better 
performance. A global cognitive score was then created by: (1) 
calculating z-scores for the continuous measures (visuospatial 

FIGURE 1    |    Timeline of UK Biobank data relevant to the current study. Data included in this study come from the bolded years. The shaded sec-
tion in the charts represents the percentage of the full UK Biobank cohort that were included in the respective components of data collection. There 
are several other follow up components that are not depicted here. In figure superscript “a” represents data collection related to medical records is 
ongoing.
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memory, processing speed, and reasoning) based on means and 
standard deviations in the full sample, and (2) summing these z-
scores with the raw prospective memory score (dichotomous vari-
able equalling 0 or 1), as has been done previously [36]. A global 
cognitive score was used rather than individual domain scores, as 
aggregate scores are known to have greater validity in measuring 
the construct of interest and are more reliable [37].

2.2.2   |   Baseline Covariates

Age and sex were collected at baseline, and socio-economic sta-
tus (SES) measured by the Townsend Deprivation Index [38] at 
recruitment.

2.3   |   Follow-Up (2.8–6.6 Years Later)

2.3.1   |   Device-Measured Physical Activity 
and Sedentary Time

At follow-up, physical activity was measured over a 7-day period 
using an Axivity wrist-worn AX3 triaxial accelerometer, worn on 
the dominant hand continuously for 7 days. The raw accelerometer 
data were calibrated, and wear-time periods were calculated using 
the UK Biobank pre-processing measures [39]. The average pro-
portion of time spent being sedentary and in light physical activity, 
MVPA and sleep per hour across all days were calculated using a 
machine learning method by Walmsley et al. [40]. Hourly values 
were summed to create average hours per day of each behaviour 
(light physical activity, MVPA, sedentary time and sleep; refer 
to Supporting Information S1 for details on behaviour classifica-
tion), and then converted to minutes per day for interpretability. 
Light physical activity and MVPA were summed to reflect total 
physical activity per day. In line with data quality metrics from 
the UK Biobank, participants were excluded from the analyses if 
(i) their accelerometer record failed calibration, including those 
not calibrated on their own data, (ii) they had less than 3 days of 
valid wear time, or if they did not have data in each 1-h period of 
the 24 h cycle, (iii) the average acceleration was implausibly high 
(> 100 mg) or (iv) more than 1% of readings fell outside the device's 
dynamic range of ±8 g before or after calibration [39, 40].

2.3.2   |   Follow-Up Covariates

Average minutes of sleep per day, as well as the season when 
accelerometry data were collected, were used as a covariate in 
the statistical models.

2.4   |   Statistical Analysis

All analyses were completed using the Statistical Package for 
the Social Sciences (SPSS) Version 29 (IBM). Demographic, cog-
nitive, and accelerometry data of each diagnostic group  were 
compared using χ2 tests and one-way ANOVAs, and associations 
of the different types of activity assessed using partial correla-
tions controlling for age, sex, baseline SES, season of acceler-
ometry data collection, and average minutes of sleep per day at 
follow-up.

To assess whether cognitive function was prospectively associ-
ated with later physical activity and sedentary time and whether 
this relationship was moderated by diagnostic group member-
ship, two separate moderation models were run (Model 1 of the 
PROCESS plugin for SPSS (v4.2)), with either physical activity 
or sedentary time at follow-up as the dependent variable (Y), 
global cognition at baseline set as the independent variable (X), 
and diagnostic group membership as the moderator (W). Age, 
sex, baseline SES, average minutes of sleep per day at follow-up, 
season when accelerometry data was collected, and months be-
tween baseline and follow-up were entered as covariates in all 
models a priori.

To explore whether the association between cognition and phys-
ical activity was influenced by the type of physical activity, two 
secondary moderation models were run with either light phys-
ical activity or MVPA specified as the dependent variable (Y). 
In the models in which light physical activity or MVPA was not 
entered as the dependent variable, they were entered as a covari-
ate a priori. All other variables in the models remained the same.

Lastly, to explore whether these relationships changed with 
age, participants were stratified by grouping those aged 40–59 
at baseline into a ‘mid-life’ category and those aged 60 or above 
at baseline into a ‘later-life’ category. We then re-ran the above-
mentioned models in the age-stratified groups. Total physical 
activity was not considered in these models because both light 
physical activity and MVPA were found to be significantly re-
lated to cognition in the full sample models described above. 
Sex, baseline SES, average minutes of sleep per day at follow-up, 
season when accelerometry data was collected, and months be-
tween baseline and follow-up were entered as covariates in all 
models a priori. A false discovery rate of p < 0.05 was applied 
to all results to account for multiple comparisons using the 
Benjamini-Hochberg method.

3   |   Results

3.1   |   Participants Included in the Analyses, 
Demographic Group Comparisons, and Activity 
Correlations

The final sample included 18,687 participants, of whom 646 
met UK Biobank criteria for BD and 18,041 were psychiatrically 
healthy controls (see Figure  S1 for more detail on participant 
sampling, including exclusion counts). Demographic charac-
teristics and mean cognitive and accelerometry scores of the 
diagnostic groups are compared in Table 1. The BD cohort had 
a greater proportion of females and were, on average, signifi-
cantly younger and of lower SES in comparison to the controls. 
Additionally, those with BD had more minutes sleep, and fewer 
minutes of total physical activity and MVPA in comparison to 
controls.

Correlations between the different types of activity indicated 
that sedentary time was negatively correlated with both light 
physical activity (very strongly) and MVPA (weakly) in the full 
sample, as well as in the diagnostic and age-stratified subgroups. 
However, light physical activity and MVPA did not significantly 
correlate with each other, with the exception of being weakly 
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positively associated in the later-life (≥ 60 years of age at base-
line) group. All relevant correlation coefficients can be found in 
the Supporting Information (Tables S1–S5).

3.2   |   Total Physical Activity and Sedentary Time

Results of the primary models are reported in Table 2, with full 
model output (including covariates) shown in Table S6. In all par-
ticipants, better cognitive performance at baseline was inversely 
associated with total physical activity and greater sedentary time at 
follow-up, with 5.2 min/day less total physical activity and 5.2 min/
day more sedentary time for every one-unit increase in the global 
cognitive score. These associations were not significantly moder-
ated by diagnostic group, nor was there a main effect of diagnostic 
group for either total physical activity or sedentary time.

3.3   |   Light Physical Activity and MVPA

Results of the secondary models exploring subtypes of physical 
activity are reported in Table 2, with full model output (includ-
ing covariates) shown in Table  S7. Cognitive performance at 
baseline was inversely associated with levels of light physical 
activity and positively associated with MVPA at follow-up. Light 

physical activity was 5.6 min/day less, and MVPA 0.5 of a min-
ute per day more, for every one unit increase in the global cogni-
tive score. These associations were not significantly moderated 
by diagnostic group, nor was there a main effect of diagnostic 
group for either light physical activity or MVPA.

3.4   |   Age-Stratified Models

3.4.1   |   Midlife

Results of the midlife model are reported in Table  3, with full 
model output (including covariates) shown in Table S8. In mid-life 
participants (40–59 years of age at baseline), global cognition was 
inversely associated with light physical activity (7.3 min/day de-
crease) and positively associated with both sedentary time (6.7 min/
day increase) and MVPA (0.6 of a minute per day increase). These 
associations were not moderated by diagnostic group membership, 
nor were there any main effects of diagnostic group.

3.4.2   |   Later-Life

Results of the later-life model are reported in Table  4, with 
full model output (including covariates) shown in Table  S9. 

TABLE 1    |    Characteristics of participants with bipolar disorder and healthy controls.

Characteristic BD (n = 646) HC (n = 18,041)
Statistical 

comparison
Effect 
sizea

Ageb 54.75 ± 8.03 57.08 ± 7.88 F(1,18,685) = 54.52, 
p < 0.001*

−0.30

Sex (% female)b 56.7 52.0 χ2 = 6.58, p = 0.010* −0.01

Townsend deprivation indexb −0.84 ± 2.93 −1.66 ± 2.63 F(1,18,685) = 60.22, 
p < 0.001*

0.30

Global cognitive scoreb 0.76 ± 2.12 0.84 ± 2.07 F(1,18,685) = 0.82, 
p = 0.365

−0.04

Total physical activity (minutes per day)c 338.77 ± 109.97 347.72 ± 100.86 F(1,18,685) = 4.88, 
p = 0.027*

−0.08

Light physical activity (minutes per day)c 301.45 ± 103.71 307.68 ± 97.48 F(1,18,685) = 2.54, 
p = 0.111

−0.06

Moderate-to-vigorous physical activity 
(minutes per day)c

37.32 ± 28.74 40.03 ± 27.77 F(1,18,685) = 5.92, 
p = 0.015*

−0.07

Sedentary time (minutes per day)c 565.14 ± 112.40 563.67 ± 106.50 F(1,18,685) = 0.18, 
p = 0.732

0.01

Sleep (minutes per day)c 535.91 ± 81.06 528.55 ± 72.60 F(1,18,685) = 6.36, 
p = 0.012*

0.10

Season of accelerometry assessment (% 
winter/autumn/spring/summer)c

21.5/30.8/24.4/23.3 21.7/29.7/22.9/25.7 χ2 = 3.27, p = 0.352 0.01

Months between timepoint 1 and timepoint 
2

56.52 ± 8.49 56.89 ± 8.72 F(1,18,685) = 1.08, 
p = 0.298

−0.04

Abbreviations: BD, bipolar disorder; HC, healthy control.
aCohen's d effect size is reported for continuous variables, ɸ for categorical variables with two groups, and Cramer's V for categorical variables with > 2 groups. Data 
are expressed as mean ± SD.
bData collected at baseline assessment.
cData collected at follow-up assessment.
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TABLE 2    |    Associations of global cognition, diagnostic group, and their interaction with device-measured physical activity and sedentary time.

Coeff.a SE p 95% LLCIb 95% ULCIc

Global cognition

Total physical activity −5.16 0.35 < 0.0001* −5.85 −4.47

Light physical activity −5.64 0.34 < 0.0001* −6.30 −4.98

Moderate to vigorous physical activity 0.48 0.10 < 0.0001* 0.28 0.68

Sedentary time 5.17 0.35 < 0.0001* 4.48 5.86

Diagnostic group

Total physical activity −8.18 3.77 0.0301* −15.58 −0.79

Light physical activity −5.43 3.60 0.1320 −12.49 1.63

Moderate to vigorous physical activity −2.61 1.09 0.0164* −4.47 −0.48

Sedentary time 8.06 3.77 0.0327* 0.66 15.45

Global cognition by diagnostic group interaction

Total physical activity −2.98 1.78 0.0938 −6.46 0.51

Light physical activity −2.25 1.70 0.1851 −5.57 1.08

Moderate to vigorous physical activity −0.68 0.51 0.1867 −1.68 0.33

Sedentary time 3.02 1.78 0.0894 −0.46 6.50

Note: A * indicates significance at p < 0.05 before Benjamini-Hochberg FDR correction for multiple comparisons, and bolded values indicate significance after 
Benjamini-Hochberg FDR correction for multiple comparisons. Healthy control coded as 0, BD coded as 1. The full primary and secondary models, including 
covariates, are reported in Tables S6 and S7 for brevity.
aUnstandardised regression coefficient.
bLower-limit confidence interval.
cUpper-limit confidence interval.

TABLE 3    |    Age stratified associations (< 60 years of age at timepoint 1).

Coeff.a SE p 95% LLCIb 95% ULCIc

Global cognition

Light physical activity −7.28 0.49 < 0.0001* −8.23 −6.33

Moderate to vigorous physical activity 0.63 0.14 < 0.0001* 0.35 0.91

Sedentary time 6.67 0.50 < 0.0001* 5.68 7.66

Diagnostic group

Light physical activity −7.75 4.68 0.0976 −16.91 1.42

Moderate to vigorous physical activity −3.18 1.37 0.0204* −5.86 −0.49

Sedentary time 10.57 4.86 0.0295* 1.05 20.09

Global cognition by diagnostic group interaction

Light physical activity −0.66 2.34 0.7778 −5.26 3.93

Moderate to vigorous physical activity −0.64 0.69 0.3504 −1.99 0.71

Sedentary time 1.34 2.44 0.5829 −3.44 6.11

Note: A * indicates significance at p < 0.05 before Benjamini-Hochberg FDR correction for multiple comparisons, and bolded values indicate significance after 
Benjamini-Hochberg FDR correction for multiple comparisons. Healthy control coded as 0, BD coded as 1. The full model, including covariates, is reported in Table S8 
for brevity.
aUnstandardised regression coefficient.
bLower-limit confidence interval.
cUpper-limit confidence interval.
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In later-life participants (≥ 60 years of age at baseline), global 
cognition was inversely associated with light physical activity 
(3.8 min/day decrease) and positively associated with sedentary 
time (3.3 min/day increase). Global cognition was also positively 
associated with MVPA (0.4 of a minute increase per day). These 
associations were not moderated by diagnostic group, nor were 
there any diagnostic group main effects.

4   |   Discussion

This study used UK Biobank data to explore whether global 
cognitive functioning was prospectively associated with later 
physical activity and sedentary time in mid-and later-life partic-
ipants with BD and psychiatrically healthy controls. We found 
that higher global cognitive performance in the sample at base-
line was prospectively associated with less light physical activity 
(e.g., walking and/or habitual activities) and greater sedentary 
time, as well as greater MVPA. The absence of interaction ef-
fects with diagnostic group suggests that the nature of these 
associations is similar in people with BD and healthy controls. 
These associations also did not appear to be moderated by age, 
since they were present and in the same direction in both mid-
life and later-life participants, albeit being slightly stronger in 
the former. However, it should be noted that the magnitude of 
all associations was small despite being statistically significant.

Regarding directionality, the positive association between global 
cognition and MVPA in the full sample in this study is in line with 
several general population studies that have focused on total ac-
tivity levels [17–20]. Although our study is the first to have looked 
at subtypes of physical activity (both in BD and more generally) 
in this context, it is unsurprising that MVPA was marginally in-
creased in those with higher cognitive function since structured 

exercise and/or participation in sports are large contributors to 
MVPA levels [41]. These are intentional forms of physical activity 
that we speculate are more likely to be affected by cognitive pro-
cesses involved in motivation and effort. This contrast with light 
physical activity and sedentariness, which tend to involve activ-
ities such as housework and/or occupational office work, where 
participation is less affected by cognitive processes involved in mo-
tivation and effort as they are essential parts of daily life.

To this end, the negative directionality of associations between 
light physical activity and sedentary time might be explained as 
simply reflecting that participants with greater cognitive perfor-
mance at baseline were more likely to be employed in occupations 
involving less daily physical movement and more sedentary time at 
the follow-up (i.e., office workers). Although detailed occupational 
information was not available in the UK Biobank to confirm this, 
past studies have found that cognitive ability is correlated with de-
gree of educational achievement [42], which affects occupational 
choice. Higher cognitive ability has also been linked specifically 
to cognitively demanding professions in which office work is more 
common, such as law, science, research, and finance, consistent 
with this speculation. In contrast, lower cognitive ability has been 
linked to professions in which more physical activity is required, 
such as factory work or hairdressing [43]. While this assertion is 
purely speculative and needs to be explored further, it is relevant 
that in the current data there was a positive correlation (r = 0.92, 
p < 0.001) between global cognition and SES2 (data not shown), 
which can be considered a proxy marker of occupational status 
[44]. It should be noted, however, that the SES measure was only 
available at baseline and not the timepoint at which the accelerom-
etry data was collected.

Regarding effect size, the strength of associations in our 
study suggests that cognitive functioning is not a particularly 

TABLE 4    |    Age stratified associations (≥ 60 years of age at timepoint 1).

Coeff.a SE p 95% LLCIb 95% ULCIc

Global cognition

Light physical activity −3.76 0.45 < 0.0001* −4.65 −2.88

Moderate to vigorous physical activity 0.42 0.14 0.0032* 0.14 0.70

Sedentary time 3.33 0.48 < 0.0001* 2.39 4.27

Diagnostic group

Light physical activity −1.66 5.76 0.7736 −12.94 9.63

Moderate to vigorous physical activity −1.58 1.81 0.3851 −5.13 1.98

Sedentary time 3.60 6.11 0.5554 −8.37 15.58

Global cognition by diagnostic group interaction

Light physical activity −3.42 2.59 0.1870 −8.49 1.66

Moderate to vigorous physical activity −0.59 0.82 0.4692 −2.19 1.01

Sedentary time 4.25 2.74 0.1223 −1.14 9.63

Note: A * indicates significance at p < 0.05 before Benjamini-Hochberg FDR correction for multiple comparisons, and bolded values indicate significance after 
Benjamini-Hochberg FDR correction for multiple comparisons. Healthy control coded as 0, BD coded as 1. The full model, including covariates, is reported in Table S9 
for brevity.
aUnstandardised regression coefficient.
bLower-limit confidence interval.
cUpper-limit confidence interval.
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meaningful predictor of future physical activity levels in people 
with BD and healthy controls. However, it is also important to 
note that the strength of these associations may be moderated by 
unspecified variables that we were unable to explore in the cur-
rent study by nature of the methodological limitations of the UK 
Biobank. Indeed, confounding factors that are known to cause 
fluctuations in physical activity and time spent being sedentary 
over prolonged periods, such as mood state and recent life events 
[45, 46], were not collected in the dataset. Thus, we were unable 
to examine whether cognition was differently related to activ-
ity levels in participants with different mood states or life event 
burdens at follow-up. Similarly, sufficient data on other health 
risk behaviours, such as diet and sleep quality, were not compre-
hensively collected across the timepoints included, and as such 
not considered in the current study. Future research would do 
well to explore a more comprehensive grouping of health risk 
behaviours, given they are likely to co-occur in individuals with 
BD. Unfortunately, accelerometry data were also not collected 
on more than one occasion or at the same time as the cognitive 
assessment. Thus, we were also unable to longitudinally track 
the stability of physical activity levels nor the degree to which 
they correlated with cognition at different points in time, where 
differences in the latter might signal the influence of unmea-
sured time-varying confounding factors.

Another limitation of the study relates to our use of a compos-
ite cognitive score as the primary cognitive measure. Although 
this was used to provide greater measurement validity given 
the limited and non-BD specific cognitive measures available 
in the UK Biobank dataset, it remains likely that certain cog-
nitive domains, such as executive functioning, attention, and 
memory, are more relevant to physical activity and sedentary 
behaviour than others due to their role in motivation [22] and 
reward processing [47]. To explore inter-relationships between 
cognition and physical activity levels more comprehensively in 
future, further studies should simultaneously track cognition 
and physical activity across multiple timepoints and use more 
complete cognitive assessments and cognitive domain focussed 
analyses. These studies should also incorporate explicit mea-
sures of reward processing and motivation to better understand 
their role in the association of cognition and physical activity/
sedentariness.

5   |   Conclusion

In summary, our findings, although preliminary, provide ev-
idence of a positive association between baseline cognition 
and follow-up MVPA and sedentary time, while an inverse 
association was observed for light-intensity physical activity. 
Although effect sizes in our study were small, and several 
limitations were evident, the significant findings do warrant 
further prospective analyses. Determining the directionality 
of this association is particularly relevant for BD, as targeting 
cognition in this group may be an appropriate intervention to 
increase physical exercise, complementing the more widely ac-
cepted inverse. Not only would this be beneficial for cognitive 
outcomes in BD, but it could lead to positive flow-on effects re-
lating to both mood and physical health commonly associated 
with increased exercise.
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Endnotes

	1	Further detail on each measure can be found in the Supporting 
Information S1.

	2	For the purpose of this analysis, SES (as measured by the Townsend 
deprivation index) was coded so that a higher score equated to greater 
SES.
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