
Association Between Muscular Strength and Cognition
in People With Major Depression or Bipolar Disorder
and Healthy Controls
Joseph Firth, PhD; Josh A. Firth, DPhil; Brendon Stubbs, PhD; Davy Vancampfort, PhD; Felipe B. Schuch, PhD;
Mats Hallgren, PhD; Nicola Veronese, MD; Alison R. Yung, MD; Jerome Sarris, PhD

IMPORTANCE Objective physical fitness measures, such as handgrip strength, are associated
with physical, mental, and cognitive outcomes in the general population. Although people
with mental illness experience reduced physical fitness and cognitive impairment, the
association between muscular strength and cognition has not been examined to date.

OBJECTIVE To determine associations between maximal handgrip strength and cognitive
performance in people with major depression or bipolar disorder and in healthy controls.

DESIGN, SETTING, AND PARTICIPANTS In a multicenter, population-based study conducted
between February 13, 2005, and October 1, 2010, in the United Kingdom, cross-sectional
analysis was conducted of baseline data from 110 067 participants in the UK Biobank. Data
analysis was performed between August 3 and August 18, 2017. Invitations were mailed to
approximately 9.2 million UK homes, recruiting 502 664 adults, all aged 37 to 73 years.
Clinically validated measures were used to identify individuals with major recurrent
depression (moderate or severe) or bipolar disorder (type I or type II) and healthy controls
(those with no indication of present or previous mood disorders).

MAIN OUTCOMES AND MEASURES Handgrip dynamometry was used to measure muscular
function. Cognitive functioning was assessed using computerized tasks of reaction time,
visual memory, number memory, reasoning, and prospective memory. Generalized linear
mixed models assessed the association between handgrip strength and cognitive
performance, controlling for age, educational level, sex, body weight, and geographic region.

RESULTS Of the 110 067 participants, analyses included 22 699 individuals with major
depression (mean [95% range] age, 55.5 [41-68] years; 7936 [35.0%] men), 1475 with bipolar
disorder (age, 54.4 [41-68] years; 748 [50.7%] men), and 85 893 healthy controls (age, 53.7
[41-69] years; 43 000 [50.0%] men). In those with major depression, significant positive
associations (P < .001) between maximal handgrip strength and improved performance on all
5 cognitive tasks were found, including visual memory (coefficient, −0.146; SE, 0.014),
reaction time (coefficient, −0.036; SE, 0.002), reasoning (coefficient, 0.213; SE, 0.02),
number memory (coefficient, 0.160; SE, 0.023), and prospective memory (coefficient, 0.341;
SE, 0.024). Similar results were found in healthy controls. Among participants with bipolar
disorder, handgrip strength was positively associated with improved visual memory
(coefficient, −0.129; SE, 0.052; P = .01), reaction time (coefficient, −0.047; SE, 0.007;
P < .001), prospective memory (coefficient, 0.262; SE, 0.088; P = .003), and reasoning
(coefficient, 0.354; SE, 0.08; P < .001).

CONCLUSIONS AND RELEVANCE Grip strength may provide a useful indicator of cognitive
impairment in people with major depression and bipolar disorder. Future research should
investigate causality, assess the functional implications of handgrip strength in psychiatric
populations, and examine how interventions to improve muscular fitness affect
neurocognitive status and socio-occupational functioning.
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M ood disorders, such as major depression and bipo-
lar disorder, are associated with deficits in cogni-
tion including executive functioning, memory, and

attentional processing.1 These cognitive deficits also impair so-
cial and occupational functioning,2 contributing to the per-
sonal, social, and economic burden associated with mood
disorders.3 Thus, novel approaches for reducing these impair-
ments and improving cognition in this population are needed.

Although the magnitude of cognitive deficits can vary
over time, impairments are often present from adolescence and
young adulthood,4 perhaps even preceding psychiatric
diagnoses.5 Furthermore, some degree of dysfunction per-
sists over the course of illness despite medication or current
affective status.1,6 Increasing our understanding of the pathol-
ogy and factors contributing to cognitive deficits is essential
for developing novel treatment strategies.

Physical health is increasingly recognized as a determin-
ing factor of neurocognitive status in psychiatric and nonpsy-
chiatric populations. For instance, higher body mass index is
associated with poorer cognitive performance and reduced gray
matter in healthy samples.4,7 In addition, increasing cardio-
respiratory fitness improves cognition and increases brain vol-
ume in people with schizophrenia.8-11 However, the effects of
exercise on brain structure and function in people with affec-
tive disorders are inconsistent and underinvestigated.12

Nonetheless, epidemiologic studies have found that cogni-
tive functioning in people with depression holds significant
correlations with physical activity.13

There is increasing recognition of the importance of ob-
jective physical fitness tests as being indicators of physical,14

mental,15 and cognitive16 outcomes in the general popula-
tion. Hand handgrip strength is easily assessed and provides
an objective measure of muscular fitness, which is emerging
as a valid indicator of overall health status.17 For example,
higher maximal handgrip scores are associated with reduced
all-cause and cardiovascular mortality, independent of body
mass index.14,17 Furthermore, handgrip strength in aging popu-
lations bears significant associations with cognitive health, with
higher scores indicating less cognitive decline and related func-
tional disability.18,19 Owing to the strength of the evidence in
this area, handgrip strength is now considered an easily ad-
ministered and clinically useful biomarker of cognitive de-
cline across the lifespan.16,20

Although handgrip strength has already been shown to be
an indicator of risk of developing psychiatric disorders,15,21 the
potential value of handgrip strength as a marker of cognitive
status in psychiatric disorders has not been explored. If hand-
grip strength provides a reliable indication of overall cogni-
tive functioning, it is an attractive measure in comparison with
other neurocognitive or biological markers, being noninva-
sive, inexpensive, and quickly administered with relatively
little training.16

The aim of this study was to use population-scale data from
the UK Biobank to establish how muscular function as mea-
sured by handgrip strength relates to cognitive functioning in
people with major depression or bipolar disorder and healthy
controls. The findings, in turn, will increase current under-
standing on the use of a handgrip dynamometer as an indica-

tor of overall cognitive status, along with providing new in-
sights into the contributing factors and possible interventions
for cognitive functioning in people with and without psychi-
atric conditions.

Methods
The study was performed using data collected between
February 13, 2005, and October 1, 2010. The UK Biobank is a
nationwide, health-oriented, cohort study conducted across
22 dedicated assessment centers throughout the United
Kingdom22 investigating the association of lifestyle, environ-
mental, and genetic factors with an array of health outcomes.
Invitations to participate were mailed to approximately 9.2 mil-
lion UK homes. These invitations recruited 502 664 partici-
pants, aged 37 to 73 years, who attended UK Biobank assess-
ment centers in person. Written informed consent was obtained
from participants at the assessment centers before they were
led through an extensive assessment process including touch-
screen questionnaires, in-person interviews, and physical
health examinations. There was no financial compensation.
Full details of the UK Biobank data collection procedures
are available elsewhere.22 This study is covered under the
generic ethical approval for the UK Biobank from the
National Health Service Research Ethics Committee. The
specific analysis presented in this study was separately
approved by the UK Biobank research committee.

Participant Sampling
Participants were categorized into groups of those with previ-
ous or present (1) major recurrent depression or (2) bipolar dis-
order and (3) healthy controls (ie, no indication of present or pre-
vious affective disorders). This categorization was conducted
with respect to a previous study, which systematically assessed
the prevalence of mood disorders within the UK Biobank
cohort.23 Thestudyappliedapreestablishedcriteriontoindividu-
als’ answers to the Structured Clinical Interview for DSM-IV Axis
I Disorders and Patient Health Questionnaire23 to categorize par-
ticipants as likely having a single episode of major depression,

Key Points
Question Can handgrip strength provide an indication of
cognitive functioning in people with major depression or bipolar
disorder and healthy controls?

Findings In this cross-sectional analysis of a population-scale data
set of 110 067 individuals, handgrip strength was significantly
associated with all 5 domains of cognition in people with major
depression and in healthy controls, independently of confounding
factors. Similar associations, but to a lesser extent, were observed
in those with bipolar disorder.

Meaning Handgrip strength is associated with overall cognition in
individuals with and without major depression; muscular function
may provide a proxy for assessing neurocognitive impairment and
present a novel interventional outcome for targeting cognitive
improvement.
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recurrent major depression (moderate or severe), previous or
present bipolar type I or type II disorder, or no indicated mood
disorders. Categorization of participants was subsequently
validated against other demographic and clinical information
available from the UK Biobank, and lifetime prevalence rates
were consistent with other population-based estimates for each
disorder across both sexes.23

For our study, participants with neurologic conditions
known to affect cognitive functioning and nonaffective se-
vere mental illnesses (eg, schizophrenia and other psychotic
disorders) were excluded from the analyses. The excluded neu-
rologic and psychiatric conditions are reported in eTable 1 in
the Supplement.

Cognitive Functioning
Cognitive functioning was assessed within a brief (15 min-
utes) computerized task battery. This battery was developed
specifically for UK Biobank population-scale research de-
signed to be delivered electronically without requiring super-
vision. The task battery was completed at UK Biobank assess-
ment centers and measured 5 domains of cognition, using the
following tests (detailed in full elsewhere24):
1. Visuospatial memory: attempts required to correctly pair

6 sets of symbol cards with their matching counterpart
following brief visual presentation of these stimuli;

2. Reaction time: response time (in milliseconds) to sequen-
tially matching cards presented in a digital game of “snap”;

3. Reasoning: number of numeric and verbal logic problems
correctly solved in 2 minutes;

4. Prospective memory: dichotomous measure, assessing if
participants acted correctly or incorrectly in response to an
earlier instruction following a delay/distraction period;

5. Numeric memory: longest string of digits recalled
correctly.

Handgrip Strength Measurement
Handgrip strength was measured at UK Biobank assessment
centers by a research assistant, using a Jamar J00105 hydrau-
lic hand dynamometer, in line with standard procedures for
obtaining reliable and reproducible handgrip measurements.25

A single, maximum score indicating the greatest strength was
obtained for each hand. The testing began by allowing partici-
pants to select the most comfortable of 5 possible handgrip
positions (ranging between 3.49 and 8.57 cm). Participants sat
upright, elbow adjacent to their torso, and forearm posi-
tioned on an armrest with the thumb facing upward. The score
from participants’ self-reported dominant hand was used for
our analyses. If participants failed to specify handedness, the
value from their highest-scoring hand was used.

Confounding Variables
Age, sex, educational level, body weight, and geographic
location were identified as the key confounding variables.
Age, sex, and educational level information was collected
from computerized questionnaires completed at UK Biobank
assessment centers. Highest educational level and qualifica-
tions responses were dichotomized to categorize partici-
pants as either having or not having university/college

degree–level qualifications. Body weight measurement was
acquired by a research assistant on-site during the physical
health assessments. Geographic location was determined
from the UK Biobank assessment center, which was recorded
automatically during data collection.

Statistical Analysis
We aimed to assess factors related to performance in the cog-
nitive domains by setting each of these measures as the de-
pendent variable in separate models within the same analyti-
cal framework. Linear mixed models (LMMs) were run for
reasoning, number memory, and reaction time, which was log
transformed to normalize the data. Generalized LMMs with
Poisson error structure were used when assessing visuospa-
tial memory, as this measure is essentially count data, and gen-
eralized LMMs with binomial error structure (with logit link
function) were used when considering prospective memory
due to this being a binomial measurement. For each cogni-
tive measure, we ran the same structure but separate models
for each of the 3 separately considered samples (bipolar dis-
order, major depression, and control). Within each of the mod-
els, we primarily aimed to determine the association be-
tween handgrip strength (continuous measure) and the
response variable (cognitive measure) while controlling for fac-
tors that are likely to influence the cognitive measure and for
which sufficient data were available. Therefore, we fit hand-
grip strength as a fixed effect along with age, sex, body weight,
and educational status. We also fit UK Biobank testing center
as a random effect to account for the nonindependence
between the different testing centers and other potentially
associated variables. For each of the models run, we report ap-
propriate summary statistics regarding the sample composi-
tion (sample size, means, and errors surrounding measure-
ments of interest), the model parameter estimates, and
associated 2-tailed P values, with significance determined
at P < .05. Data analysis was conducted between August 3
and August 18, 2017. R, version 3.1.2 (R Foundation) was used
for analysis.

Results
Included Participants
The summary characteristics of the participants are dis-
played in Table 1. The final analyses included a maximum of
110 067 participants who provided sufficient data, complet-
ing mood disorders screening, handgrip strength testing, and
at least 1 of the cognitive tasks (visual memory being most com-
monly completed). Of these, 85 893 participants had no indi-
cation of any mood disorders (healthy controls), 22 699 re-
ported recurrent major depression, and 1475 reported bipolar
disorder (type I or type II). The mean age of the healthy con-
trol, bipolar disorder, and major depression samples was 53.7
years (95% range, 41-69 years; 43 000 [50.0%] men), 54.4 years
(95% range, 41-68 years; 748 [50.7%] men), and 55.5 years (95%
range, 41-68 years; 7936 [35.0%] men), respectively. Only a
subset of participants (32 467 [29.5%] of total) completed the
number memory task, as this was administered only during
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the pilot phase of the UK Biobank. The raw mean scores for
handgrip strength and performance in each cognitive task
across the major depression, bipolar disorder, and healthy con-
trol samples are reported in eTable 2 in the Supplement.

Associations Between Handgrip Strength
and Cognitive Functioning
Table 2 displays the results of the generalized LMMs examin-
ing associations between handgrip strength and cognition in
the major depression, bipolar disorder, and control samples.
As shown in the Figure, A and B, all associations were in the
hypothesized direction, with any negative effects below being
related to cognitive task scoring where lower scores equate to
improved cognitive performance.

In people with major depression, the generalized LMMs
(setting age, sex, and weight qualifications as fixed effects, and
geographic location as a random effect) showed that hand-
grip strength was a significant predictor of better cognitive per-
formance in all 5 domains (all P < .001) (Figure, B): visual
memory (t = −10.8; coefficient, −0.146; SE, 0.014), reaction
time (t = −20.3, coefficient, −0.036; SE, 0.002), reasoning
(t = 10.8; coefficient, 0.213; SE = 0.02), number memory
(t = 6.89; coefficient, 0.160; SE, 0.023), and prospective
memory (t = 14.3; coefficient, 0.341; SE, 0.024).

Similar findings were observed in the sample of 85 895
healthy participants with no indication of affective or neuro-
psychiatric conditions; significant associations were noted be-
tween greater handgrip strength and increased performance
across all 5 cognitive domains (all P < .001) (Table 2, Figure, A).

In the models considering people with bipolar disorder
(Figure, C), we found that handgrip strength was significantly
associated with visual memory (t = −2.48; coefficient, −0.129;
SE, 0.052; P = .01), reaction time (t = −6.66; coefficient, −0.047;
SE, 0.007; P < .001), reasoning (t = 4.43; coefficient, −0.354; SE,
0.080; P < .001), and prospective memory (t = 2.98; coeffi-

cient, 0.262; SE, 0.088; P = .003). The association with num-
ber memory remained similar when considering people with
major depression or healthy controls but it fell short of signifi-
cance, potentially due to reduced power from the smaller sub-
set of participants with bipolar disorder completing this mea-
sure (n = 383; t = 1.8; coefficient, −0.189; SE, 0.105; P = .07).

To examine if significant relationships between handgrip
strength and cognition persisted when also controlling for meta-
bolic health, we conducted post hoc sensitivity analysis, also
adjusting for waist circumference (a marker of obesity-related
health risk)26and any reported history of vascular or heart prob-
lems diagnosed by a physician (including hypertension, an-
gina, stroke, or myocardial infarction). Controlling for these ad-
ditional factors did not affect the results (eTable 3 in the
Supplement) other than the association between handgrip and
visual memory in the bipolar disorder sample, which was now
only approaching statistical significance (P = .07). The full model
outputs for all of the confounding factors controlled for in our
analyses are displayed in eTable 4 in the Supplement.

Discussion
To the best of our knowledge, the present study is the first
population-scale study to examine associations between mus-
cular and cognitive functioning in people with major depres-
sion and bipolar disorder. Across 110 067 participants of the
UK Biobank, we showed that maximal handgrip strength held
significant associations with greater performance in tasks of
reasoning, reaction time, and immediate and delayed memory
measures in people with major depression, bipolar disorder,
and the general population. The consistent associations be-
tween handgrip strength and reaction time could potentially
be explained by the rapid motor demands of reaction time tasks
intuitively relating to muscular function of the hand, thus

Table 1. Characteristics of Participants

Characteristic

Raw, Mean (95% Range of Data)
Healthy Controls
(n = 85 893)

Major Depression
(n = 22 699)

Bipolar Disorder
(n = 1475)

Age, y 53.7 (41-69) 55.5 (41-68) 54.4 (41-68)

Men, No. (%) 43 000 (50.0) 7936 (35.0) 748 (50.7)

Body weight, kg 85.7 (63-118) 78.3 (53-117) 80.7 (52-120)

Table 2. Results of Linear Mixed Models Analyses Showing the Associations Between Handgrip Strength and Each Cognitive Domain

Cognitive
Task

Healthy Controls Major Depression Bipolar Disorder

Total No. Coefficient (SE) t Value P Value Total No. Coefficient (SE) t Value P Value Total No. Coefficient (SE) t Value P Value
Visual
memorya

85 893 −0.176 (0.007)b −23.9 <.001 22 699 −0.146 (0.014)b −10.8 <.001 1475 −0.129 (0.052)b −2.48 .01

Reaction
timea

84 947 −0.034 (0.001)b −35.7 <.001 22 504 −0.036 (0.002)b −20.3 <.001 1458 −0.047 (0.007)b −6.66 <.001

Prospective
memory

85 445 0.332 (0.013)b 26.5 <.001 22 615 0.341 (0.024)b 14.3 <.001 1467 0.262 (0.088)b 2.98 .003

Reasoning 82 948 0.202 (0.011)b 18.8 <.001 22 107 0.213 (0.02)b 10.8 <.001 1419 0.354 (0.080)b 4.43 <.001

Number
memory

25 336 0.140 (0.012)b 11.3 <.001 6748 0.160 (0.023)b 6.89 <.001 383 0.189 (0.105) 1.80 .07

a For negative associations, lower scores indicate better cognitive performance.
b Statistically significant correlation.
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increasing the correlation between this cognitive domain and
handgrip strength. Nonetheless, given the consistent associa-
tions found for other cognitive domains, such as fluid intelli-
gence (reasoning) and delayed recall (prospective memory),
which were assessed using tasks that do not rely on hand
speed or dexterity, the associations between cognition and
maximal handgrip strength cannot be ascribed only to greater
motor skill inflating task performance. The findings are con-
sistent with earlier smaller studies that have shown signifi-
cant associations between muscular and cognitive function-
ing in other samples. The majority of research in this area to
date has been conducted in older adults.16 Weak handgrip
strength in this group has been shown to be a valid and clini-
cally useful marker of both cognitive decline and impaired daily
functioning.16

Although handgrip is the most widely used and validated
measure of muscular fitness, the association between strength
and cognitive performance extends to other muscle groups.
Population-scale studies have shown that maximal force out-
puts of various muscle groups in the upper and lower limbs
indicate both global cognitive functioning and risk of cogni-
tive impairment among healthy older adults.27

The exact nature of the association between handgrip
strength and cognition is unclear. For instance, some studies

have shown that changes in handgrip strength precede cog-
nitive decline16 and that high handgrip strength at baseline is
protective of age-related cognitive deterioration.27 However,
other studies have indicated an opposite directionality of this
association, showing that cognitive impairments indicate
future decline in muscular fitness.28 Nonetheless, a recent, lon-
ger study assessed 708 adults at 6 time points over a 20-year
period and concluded that the strength and stability of the con-
nections between handgrip and cognition indicate bidirec-
tionality and/or third-factor causality.20 One possible under-
lying mechanism for the association is white matter integrity,
as this is implicated in physical and mental performance across
a range of tasks and domains. However, recent studies have
indicated that other neural mechanisms must also play a role
in the association between handgrip and cognition as the
decrements in handgrip and cognition that occur over time
in aging adults cannot be accounted for entirely by white
matter degradation.18

To our knowledge, this study is the first to identify hand-
grip strength as a marker of cognitive function in mood disor-
ders. However, the cross-sectional design of this investiga-
tion means that further longitudinal and mechanistic research
must be conducted to determine the causative nature of the
association between handgrip strength and cognition in

Figure. Association Between Handgrip Strength and Cognitive Domains
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A, Healthy sample. B, Individuals with major depression. C, Individuals with bipolar
disorder. Blue lines show the fit of the linear mixed models (number memory,
reasoning, and reaction time) and generalized linear mixed models (visual memory

and prospective memory) (see Table 2 for full model details). Blue shaded area
shows the 95% CI around the mean of the raw cognitive measure split into bins
(dependent on total sample size) of A, 0.1%, B, 1.0%, and C, 5.0% of the data.
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psychiatric populations. This work could contribute toward
handgrip strength providing an easily administered and clini-
cally useful objective tool for routine assessment of cognitive
and functional status in people with mood disorders. Its clini-
cal potential is underlined by previous findings in people with
bipolar depression that showed that handgrip scores have the
highest reproducibility and intraclass correlations of all physi-
cal functional assessments.29

Two recent meta-analyses of cognitive effects of exercise
in depressive disorders found no overall effect, although the
results were based largely on interventions using aerobic
training.12,30 Only a small number of studies have examined
cognitive outcomes of resistance training in bipolar or depres-
sive disorders. First, in a small, single-arm study, Strassnig
et al31 reported significant improvements in memory and
processing speed among a mixed sample of patients with
schizophrenia and bipolar disorder undertaking 8 weeks of
high-intensity weight training. Second, Krogh et al32 found no
difference between resistance vs aerobic vs relaxation train-
ing on cognitive outcomes in people with depression. How-
ever, strength training outperformed aerobic training and re-
laxation groups for occupational functional outcomes, reducing
days off work by 12% (P = .009) over 12 months, whereas aero-
bic exercise had no significant effect. This is a notable finding
since unemployment and work absence confer the majority of
economic burden associated with mood disorders.3 Other clini-
cal trials have also shown socio-occupational benefits
of strength training exercise in depression,33 with greater
effects from interventions that use high-intensity rather than
low-intensity weight training. This finding indicates that
the benefits of resistance training interventions are tied to
improvements in muscular fitness.34

Limitations
A limitation of this study is that no social or occupational func-
tioning data were available. Thus, we were unable to explore
the association between handgrip strength cognition and func-

tioning. Furthermore, the cognitive task battery used did not
include any of the traditional and/or widely validated tasks for
assessing social cognition, which is an important cognitive con-
struct that may mediate the association between neurocog-
nition and real-world functioning. Another limitation of this
study is that the mean age of the participants was approxi-
mately 55 years. Thus, the findings may not generalize to
younger samples. Although the association between hand-
grip and cognition in younger psychiatric samples has not been
assessed to date, a longitudinal population-scale study of over
1 million adolescents21 has previously shown that weak hand-
grip strength in younger people is associated with a 15% to 65%
increased risk for psychiatric disorders in later life, thus, im-
plicating handgrip as an important indicator of mental health
risk, even prior to illness onset.

In addition, beyond considering handgrip strength as a
marker of cognitive and functional capacities, further work
should investigate how increasing muscular fitness may be a
therapeutic target for improving cognitive and functional out-
comes of individuals with mood disorders. There is now evi-
dence from randomized clinical trials in aging populations that
strength training exercise interventions significantly im-
prove cognitive functioning35,36 and may be more effective
than computerized cognitive training.37 The beneficial
effects of resistance training may be mediated through exercise-
induced increases in gray matter and attenuation of aging-
related white matter abnormalities.37

Conclusions
Further investigation is required to assess the effects of resis-
tance training on cognitive functioning in people with depres-
sion and bipolar disorder to determine whether muscular
function provides not only a biomarker of cognition, but also
potential therapeutic target for reducing the social and
economic burden of these conditions.
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