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Abstract

Background Depression and anxiety are the leading mental health problems worldwide; depression is ranked as the
leading cause of global disability with anxiety disorders ranked sixth. Preventive strategies based on the identification
of modifiable factors merit exploration. The aim of the present study was to investigate the associations of handgrip
strength (HGS) with incident depression and anxiety and to explore how these associations differ by socio-
demographic, lifestyle, and health-related factors.

Methods The analytic sample comprised 162 167 participants (55% women), aged 38-70 years, from the UK Biobank
prospective cohort study. HGS was assessed at baseline using dynamometry. Depression and anxiety were extracted
from primary care and hospital admission records. Cox proportional models were applied, with a 2 year landmark anal-
ysis, to investigate the associations between HGS and incident depression and anxiety.

Results Of the 162 167 participants included, 5462 (3.4%) developed depression and 6614 (4.1%) anxiety, over a me-
dian follow-up period of 10.0 years (inter-quartile range: 9.3-10.8) for depression and 9.9 (inter-quartile range:
9.0-10.8) for anxiety. In the fully adjusted model, a 5 kg lower HGS was associated with a 7% (HR: 1.07 [95% CI:
1.05, 1.10]; P < 0.001) and 8% (HR: 1.08 [95% CI: 1.06, 1.10]; P < 0.001) higher risk of depression and anxiety, re-
spectively. Compared with participants in the sex and age-specific highest tertiles of HGS, those in the medium and
lowest tertiles had an 11% (HR: 1.11 [95% CI: 1.04, 1.19]; P = 0.002) and 24% (HR: 1.24 [95% CI: 1.16, 1.33];
P < 0.001) higher risk of depression and 13% (HR: 1.13 [95% CI: 1.06, 1.20]; P < 0.001) and 27% (HR: 1.27 [95%
CL: 1.19, 1.35]; P < 0.001) higher risk of anxiety, respectively. The association of HGS with depression was stronger
among participants with average or brisk walking pace (vs. slow walking pace; Pjyteraction < 0.001). The association
with anxiety was stronger in those participants aged >58 years (vs. <58 years; Pjyteraction = 0.002) and those living
in more affluent areas (vs. deprived; Piyeraction = 0.001).

Conclusions Handgrip strength was inversely associated with incident depression and anxiety. Because HGS is a sim-
ple, non-invasive, and inexpensive measure, it could be easily used in clinical practice to stratify patients and identify
those at elevated risk of mental health problems. However, future research should assess if resistance training aimed
at increasing HGS can prevent the occurrence of mental health conditions.
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Introduction

Depression and anxiety are the leading mental health
problems worldwide, affecting 322 and 264 million people,
respectively.! Depression is ranked, by the World Health Or-
ganization, as the leading cause of global disability (7.5% of
all years lived with disability) with anxiety disorders ranked
sixth (3.4%).' A growing body of evidence indicates that peo-
ple with depression or anxiety disorders are also at increased
risk of several co-morbidities,® particularly cardiovascular
diseases, and premature death® and incur higher personal
and healthcare costs.* Therefore, given that traditional phar-
macological treatments and psychotherapies offer limited
effectiveness,® preventive strategies based on the identifica-
tion of modifiable factors merit exploration.

There is an increasing recognition of the importance of
physical fitness as a potentially modifiable protective factor
for the occurrence of mental health disorders.® However,
while low cardiorespiratory fitness has been elucidated as a
risk factor for developing depression and anxiety,” the role
of muscular strength remains unclear.®° Handgrip strength
(HGS) is a simple, non-invasive, and low-cost method that
has been associated with several chronic diseases and
all-cause mortality across different age groups.'* Moreover,
a recent study suggested that HGS can improve the prediction
of existing cardiovascular risk scores.''? Nevertheless, the
temporal relationship between HGS and the development of
anxiety disorders has been minimally investigated.®#93
Gordon et al.® found that HGS was not significantly associated
with incidence of generalized anxiety; however, the study
population, which comprised 3234 older participants
(>50 years at baseline), limits the generalizability of the find-
ings to the general population. Recently, Kandola et al.*®
found a significant relationship between HGS and anxiety
among the UK Biobank participants, but the incidence of
anxiety was estimated using a self-reported scale.

Moreover, despite the accumulating evidence for the
prospective association between low muscular strength and
depression, most of previous studies have focused on the
recurrence of depressive symptoms in patients with history
of depression rather than on depression onset in apparently
healthy individuals. A recent narrative review of nine longitu-
dinal studies reported that higher levels of muscular strength
were associated with lower risk of developing depressive
symptoms.*® However, this review highlighted the need for
further studies on the topic, preferably spanning wider age
ranges, and able to adjust for a wider range of potential
confounders. To address gaps in the literature, we used
data from UK Biobank, a large prospective cohort study, to

investigate the associations of HGS with incident depression
and anxiety and to explore whether these associations differ
by socio-demographic, lifestyle, and health-related factors.

Methods
Participants

UK Biobank recruited more than 502 000 participants, aged
37-73 years, from the general population (5.5% response
rate), between April 2007 and December 2010.** Participants
were invited to attend one of 22 assessment centres across
England, Wales, and Scotland, where they completed a
touchscreen questionnaire, and physical measurements and
biological samples were also taken. Detailed procedures are
described elsewhere.*® The study population for the present
study comprised 162 167 UK Biobank participants
(Supporting Information, Figure S1). The main outcomes in
our analyses were depression and anxiety incidence. The ex-
posure of interest was HGS, expressed in kg. A comprehen-
sive list of potential confounders was considered including
socio-demographic, lifestyle, and health-related factors.

The North West Multi-centre Ethics Committee granted
ethical approval to UK Biobank (reference: 16/NW/0274),
and all participants provided written informed consent to
participate in the study.

Outcome measurement

To ensure comprehensive ascertainment, incident depression
and anxiety were derived from linkage to both hospital
inpatient and primary care records, which were available for
~45% of the UK Biobank cohort (n = 23 000). An interim re-
lease of primary care records (up to 2016 or 2017 depending
on the data supplier) was made available in 2019. This data
set incorporates data from the GP system suppliers and con-
tains coded clinical events, including diagnoses, procedures,
consultations, and laboratory test. Hospital inpatient data
were obtained via record linkage to Hospital Episode Statistics
for England, Scottish Morbidity Record, and Patient Episode
Database for Wales. This provides information on hospital ad-
missions (up to 2018 or 2021 depending on the data supplier),
including date of admission and discharge, and diagnosis,
underlying conditions, and procedures during admission.
Extensively detailed linkage procedures are available else-
where  (http://biobank.ndph.ox.ac.uk/showcase/showcase/
docs/primary_care_data.pdf; https://biobank.ndph.ox.ac.uk/
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ukb/ukb/docs/HospitalEpisodeStatistics.pdf; and https://
biobank.ndph.ox.ac.uk/ukb/exinfo.cgi?src=Data_providers_
and_dates).

Thus, depression and anxiety were diagnosed by physi-
cians, following the guidelines of the National Institute for
Health and Care Excellence (https://pathways.nice.org.uk/
pathways/common-mental-health-disorders-in-primary-care).
We defined incident depression as the first record coded as
the International Classification of Diseases, 10th Revision
(ICD-10), F32.0, F32.1, F32.2, F32.3, F32.8, F32.9, F33.0,
F33.1, F33.2, F33.3, F33.4, F33.8, or F33.9. Incident anxiety
was defined as the first record coded as ICD-10 F40, F41,
F42, or F43. As appropriate, follow-up was censored at the
most updated date of data extraction or at the date of the
incident depression or anxiety, if this occurred earlier.

Exposure measurement

Handgrip strength was assessed using a Jamar J00105
hydraulic hand dynamometer. This instrument measures grip
isometric force (without movement); it can be adjusted to
the hand size in five half-inch increments, and the
dual-scale readout displays isometric grip strength from 0 to
90 kg. The dynamometer was calibrated before each mea-
surement day, and the isometric grip strength was evaluated
from a single 3 s maximum grip effort, separately for the right
and left arms; the participant was sitting upright with their
elbow by their side and flexed at 90° so that their forearm
was facing forwards and resting on an armrest. The mean
of both hands was derived and expressed in absolute units
(kg). For the subsequent analyses, continuous HGS in kg,
5 kg decrease in HGS, and sex-specific and age-specific tertiles
of HGS were used.

Covariates

Socio-demographic factors, including sex and ethnicity, were
self-reported at the baseline assessment visit. We calculated
age from date of birth and date of baseline assessment. The
Townsend Deprivation Index was derived from postcode of
residence using census data on unemployment, non-car own-
ership, non-home ownership, and household overcrowding.16

Weight and height were measured by trained nurses, and
body mass index (BMI; weight/height?) was used to classify
participants as underweight (<18.5 kg/m?), normal weight
(18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), and obese
(>30 kg/m?). Physician-diagnosed long-term conditions were
self-reported and confirmed at nurse-led interview at base-
line. A number of morbidities, based on 43 commonly
long-term conditions,17 were categorized into none, one,
and two or more.

Smoking status was self-reported and categorized into
never, former, and current smokers. Likewise, alcohol intake
was recorded as (i) daily or almost daily, (ii) three or four
times a week, (iii) once or twice a week, (iv) one to three
times a month, (v) special occasions only, and (vi) never. Die-
tary intake information was self-reported by a touchscreen
questionnaire. Fruits and vegetables and red meat consump-
tion were estimated as g/day and portion/day, respectively;
processed meat and oily fish intake were collected using five
categories: (i) never, (ii) less than once a week, (iii) 2—4 times
a week, (iv) 5-6 times a week, and (v) once or more daily. Fur-
ther details of these measurements can be found in the on-
line protocol of UK Biobank (http://www.ukbiobank.ac.uk).

Participants indicated their usual walking pace as (i) slow,
(ii) average/steady, or (iii) brisk. TV viewing was declared
through the question: ‘In a typical day, how many hours do
you spend watching TV?’ Sleep duration was self-reported
and categorized as short (<7 h/day), normal (7-9 h/day),
and long (>9 h/day). Physical activity was obtained with
the short-form International Physical Activity Questionnaire,
and total physical activity was calculated as the sum of walk-
ing plus moderate and vigorous activity, expressed as meta-
bolic equivalents (MET-min/week).'*

Statistical analyses

Baseline characteristics of the analytical sample by tertiles of
HGS are presented as mean and standard deviation (SD) for
continuous variables, and numbers of observations and per-
centages for categorical variables. We excluded from the anal-
yses all individuals with any of the following conditions at
baseline, based on retrospective record linkage: depression,
anxiety, Parkinson’s disease, schizophrenia, bipolar disorder,
or substance abuse (n = 33 329); moreover, to reduce the po-
tential influence of reverse causality, landmark analysis was
performed excluding participants who developed depression
or anxiety within the first 2 years of the follow-up (Figure S1).

Cox proportional models were used to investigate the as-
sociations between HGS and risk of depression and anxiety,
using follow-up time as the timescale variable. The results
were expressed as hazard ratios (HRs) and their 95% confi-
dence intervals (Cls). To explore non-linear associations, we
used Cox proportional hazard models with exposure variables
fitted on penalized cubic splines. Penalized spline is a varia-
tion of basis spline (B spline), with better model fit for most
scenarios and comparable with the restricted cubic spline in
other scenarios.'® We zeroed the estimated hazard ratio
curves at the median of HGS. To check overall statistical sig-
nificance, as well as non-linearity of the exposures, we used
likelihood ratio tests. Moreover, we also performed Cox re-
gression to investigate the association of 5 kg decrements
in HGS with incident depression and anxiety. In order to com-
pare our results with previous studies, we also performed
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HRs for age-specific and sex-specific tertiles of HGS, using the
highest tertile (Q3) as the reference category in all models.
Additionally, we performed analyses using a sex-specific cut-
off point for clinically relevant muscle weakness according
to the Foundation for the National Institutes of Health
Sarcopenia Project (HGS < 26 kg for men and <16 kg for
women)*® and the European Working Group on Sarcopenia
in Older People (EWGSOP; HGS < 27 kg for men and <16
for women).%°

Three Cox models were fitted with incremental adjustment
for potential confounders. Model 1 (minimally adjusted) was
adjusted for socio-demographic variables: age, sex, depriva-
tion index, and ethnicity. Model 2 was additionally adjusted
for lifestyle factors, including smoking status, alcohol intake,
walking pace, TV viewing, sleep time, and dietary intake:
fruits and vegetables, read meat, processed meat, and oily
fish intake. Model 3 was further adjusted for health indica-
tors: BMI and multimorbidity. We also conducted a sensitivity
analysis by additionally adjusting for total physical activity.
Further, sensitivity analyses were performed excluding partic-
ipants with cardiovascular disease (CVD), cancer, or chronic
obstructive pulmonary disease (COPD) at baseline.

To investigate whether the association between HGS
(expressed per 5 kg decrement) and the study outcomes dif-
fer by socio-demographic, lifestyle, and health-related fac-
tors, the analyses were stratified by sex (male or female),
age (below median or above median; <59 or >59 years), dep-
rivation index (affluent or deprived), BMI (normal weight,
overweight, or obese), number of morbidities (none, 1, or
>2), smoking status (never, former, or current smoker), alco-
hol intake (not heavy or heavy intake), walking pace (brisk,
average, or slow pace), TV viewing (>4 or <4 h/day), and
sleep duration (normal, short, or long). Model 3 was applied
to stratified analyses, excluding the grouping variable. Addi-
tionally, we fitted interaction terms between HGS and each
of these factors using the fully adjusted model.

Analyses were performed with the statistical software
Stata v.14 (StataCorp LP) and R statistical software v.3.6.2,
using the package survival. The significance level was set at
P < 0.05.

Results

Of the 502 628 participants recruited to UK Biobank, 162 167
had full data available for the exposure, outcomes, and covar-
iates, did not have prevalent mental health conditions at
baseline, and were not excluded by the 2 year landmark anal-
ysis (Figure S1). The median follow-up period was 10.0 years
(inter-quartile range: 9.3-10.8) for depression and 9.9 (inter-
quartile range: 9.0-10.8) for anxiety. Over the follow-up pe-
riod, 5462 (3.4%) participants developed depression and
6614 (4.1%) developed anxiety.

Table 1 shows the main characteristics of the participants
by HGS tertile. Briefly, compared with participants in the
highest tertile of HGS, those in the lowest tertile were more
likely to be women, from deprived areas, and of non-White
ethnic background; they were older and had higher preva-
lence of obesity, multimorbidity, and slow walking pace. They
also reported a lower intake of fruits and vegetables and red
meat and spent more time watching TV. However, they were
more likely to have lower alcohol consumption.

Figure 1 shows the association of HGS with incident de-
pression. There was no strong evidence of a non-linear
association between HGS and incident depression. Although
the magnitude of the association was slightly attenuated
when the models were incrementally adjusted for lifestyle
and health-related factors, the association remained linear
(Figure 1). The risk of incident depression was 13% higher
per 5 kg decrement in HGS (HR: 1.13 [95% Cl: 1.10, 1.15]).
The associations were slightly attenuated when analyses
were adjusted for lifestyle (HR: 1.08 [95% Cl: 1.06, 1.10])
and health-related (HR: 1.07 [95% Cl: 1.05, 1.10]) factors
(Table 2). When the risk of depression was estimated based
on tertiles of HGS, those in the middle and lowest tertiles
had a 14% and 39% higher risk of depression compared with
those in the highest tertile. When the analyses were adjusted
for lifestyle and health-related factors, the associations were
attenuated but remained significant (Table 2).

The associations between HGS and incident anxiety are
presented in Table 2 and Figure 1. Again, there was no
evidence of a non-linear association between HGS and inci-
dent anxiety (Figure 1). The risk for anxiety was 12% higher
per 5 kg decrement in HGS (HR: 1.12 [95% CI: 1.10, 1.14]),
and compared with the highest tertile for HGS, those in
the middle and lowest tertiles of HGS had a 15% (HR:
1.15 [95% CI: 1.08, 1.23]) and 37% (HR: 1.37 [95% ClI:
1.29, 1.45]) higher anxiety incidence (Table 2). The associa-
tions were attenuated, but remained significant, when the
analyses were adjusted for lifestyle and health-related
factors (Table 2).

When the analyses were further adjusted for total physical
activity, the associations between HGS and incident depres-
sion and anxiety were very similar (Figure S2 and Table S1).
Sensitivity analyses excluding people with CVD, cancer, or
COPD at baseline yielded almost identical results on the asso-
ciation of HGS with depression and anxiety incidence (Figure
S3 and Table S2).

Muscle weakness, defined using previously derived cut-off
points,***° was associated with an increased risk of incident
depression (HR: 1.16 [95% Cl: 1.06, 1.27]) and anxiety (HR:
1.24 [95% Cl: 1.14, 1.35]), in the fully adjusted models (Model
3; Table S3). Virtually identical results were observed when
EWGSOP classification was used to define muscle weakness
(Table S3).

When the analyses on depression were stratified by
socio-demographic, lifestyle, and health-related factors, no
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Table 1 Characteristics of the study sample by sex-specific and age-specific tertiles of handgrip strength
Tertile of handgrip strength®
All Highest Medium Lowest
n 162 167 52 426 52 431 57 310
Handgrip strength (kg), mean (SD)b 30.94 (11.04) 38.81 (10.44) 31.01 (8.53) 23.69 (8.32)

Socio- demographlc factors
Sex”
Female
Male
Age (years), mean (SD)b
Deprivation index®
Lower (least deprived)
Middle
Higher (most deprived)
Ethnicityb
White
Mixed background
South Asian
Black
Chinese
Lifestyle factors
Smoking status
Never
Former
Current
Alcohol intake
Daily or almost daily
Three or four times a week
Once or twice a week
One to three times a month
Special occasions only
Never
Walking pace”
Slow pace
Average pace
Brisk pace
TV viewing (h/day), mean (SD)°
Sleep time (h/day)”
Short sleep (<7 h/day)
Normal (7-9 h/day)
Long sleep (>9 h/day)
Fruits and vegetables intake (g/day), mean (SD)
Processed meat intake
Never
Less than once a week
Once a week
2-4 times a week
5-6 times a week
Once or more daily
Red meat mtake (portlon/day) mean (SD)°
QOily fish intake®
Never
Less than once a week
Once a week
2-4 times a week
5-6 times a week
Once or more daily
Health-related factors
BMI categories
Underweight
Normal weight
Overweight
Obesity
Multimorbidity®
None
One morbidity
Two or more morbidities

89 567 (55.23)
72 600 (44.77)
56.64 (8.06)

57 617 (35.53)
56 370 (34.76)
48 180 (29.71)

155 267 (95.75)
1807 (1.11)
3079 (1.90)
1556 (0.96)

458 (0.28)

97 888 (60.36)
55 859 (34.45)
8420 (5.19)

31677 (19.53)
39749 (24.51)
43 877 (27.06)
18176 (11.21)
17 082 (10.53)
11 606 (7.16)

10 179 (6.28)

84 841 (52.32)

67 147 (41.41)
2.75 (1.51)

122 552 (75.57)
37 573 (23.17)
2042 (1.26)
334.14 (189.85)

15188 (9.37)
51317 (31.64)
47 688 (29.41)
42 264 (26.06)
4586 (2.83)
1124 (0.69)
2.11 (1.42)

17 030 (10.50)
53 302 (32.87)
62 679 (38.65)
27 819 (17.15)
1009 (0.62)
328(0.20)

715 (0.44)
53 595 (33.05)
69 713 (42.99)
38 144 (23.52)

62 957 (38.82)
54 592 (33.66)
44 618 (27.51)

28390 (54.15)
24 036 (45.85)
55.96 (8.31)

20 383 (38.88)
18 449 (35.19)
13 594 (25.93)

51 058 (97.39)
476 (0.91)
267 (0.51)
548 (1.05)
7 (0.15)

31082 (59.29)
18 482 (35.25)
2862 (5.46)

10992 (20.97)

13731 (26.19)

14 329 (27.33)
5760 (10.99)
4804 (9.16)
2810 (5.36)

1846 (3.52)
25562 (48.76)
25018 (47.72)

2.63 (1.44)

40 567 (77.38)

11339 (21.63)
520 (0.99)

337.17 (185.32)

4521 (8.62)
17 029 (32.48)
15516 (29.60)
13 586 (25.91)

1432 (2.73)

342 (0.65)
2.15(1.41)

4700 (8.97)
17 309 (33.02)
20 828 (39.73)
9157 (17.47)

337 (0.64)

5(0.18)

152
16 503
23 464
12 307

0.29)

31.48)
44.76)
23.47)

o~~~ —~

22 301 (42.54)
17 894 (34.13)
12 231 (23.33)

29903 (57.03)
22 528 (42.97)
56.62 (7.99)

19 073 (36.38)
18 389 (35.07)
14 969 (28.55)

50 689 (96.68)
523 (1.00)
638 (1.22)
451 (0.86)

130 (0.25)

31 750 (60.56)
18 079 (34.48)
2602 (4.96)

10 405 (19.85)
13 034 (24.86)
14 252 (27.18)
6001 (11.45)
5301 (10.11)
3438 (6.56)

2541 (4.85)
27 515 (52.48)
22 375 (42.68)

2.73 (1.49)

40 078 (76.44)
11772 (22.45)
581 (1.11)
335.17 (187.98)

4960 (9.46)
16 906 (32.24)
15 407 (29.39)
13 401 (25.56)

1405 (2.68)

352 (0.67)

2.09 (1.38)

5304 (10.12)
17 254 (32.91)
20337 (38.79)
9112 (17.38)

318 (0.61)

106 (0.20)

229
18 335
22 363
11 504

0.44)

34.97)
42.65)
21.94)

o~~~ —~

20933 (39.92)
17 848 (34.04)
13 650 (26.03)

31 274 (54.57)
26 036 (45.43)
57.28 (7.84)

18 161 (31.69)
19 532 (34.08)
19 617 (34.23)
53 520 (93.39)

(
(1.
2174 (3.
(0.
(0.

19723 (34.41)
18 850 (32.89)
18 737 (32.69)

BMI, body mass index; SD, standard deviation.
Values are number (percentage), unless stated otherwis
Sex-speaflc and age-specific tertiles of grip strength.

e.

*Significant differences (P < 0.05) between tertiles of grip strength estimated by 4> test and analysis of variance (ANOVA) for categorical

and continuous variables, respectively.
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Figure 1 Penalized cubic spline analyses for the association of handgrip strength with (A—C) depression and (D—F) anxiety incidence. Data are pre-
sented as hazard ratio (HR) (thick blue line) and their 95% confidence interval (shaded areas). Participants with depression, anxiety, or mental health
conditions at baseline were excluded from the analyses. A 2 year landmark analysis was applied. Analyses were adjusted for Model 1 (top plots) by
socio-demographic variables, including age, sex, deprivation index, and ethnicity; Model 2 (middle plots) was additionally adjusted by lifestyle factors,
including smoking status, alcohol intake, walking pace, TV viewing, sleep time, and dietary intake (fruits and vegetables, read meat, processed meat,
and oily fish intake); and Model 3 (bottom plots) was additionally adjusted by health markers, including body mass index and multimorbidity.
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Table 2 Risk of depression and anxiety incidence according to HGS

Depression incidence

No. of Model 1 Model 2 Model 3
participants/
Handgrip strength incidence HR (95% Cl) HR (95% Cl) HR (95% Cl)
Tertile 3 (highest) 52 426/1508 Ref. Ref. Ref.
Tertile 2 (medium) 52 431/1715 1.14 (1.06, 1.22) 1.11 (1.04, 1.19) 1.11 (1.04, 1.19)
Tertile 1 (lowest) 52 310/2239 1.39 (1.29, 1.48) 1.26 (1.18, 1.35) 1.24 (1.16, 1.33)
HR for tertile trend 162 167/5462 1.18 (1.14, 1.22) 1.13 (1.09, 1.16) 1.11 (1.08, 1.15)
P for trend <0.001 <0.001 <0.001
HR per 5 kg lower HGS 162 167/5462 1.13 (1.10, 1.15) 1.08 (1.06, 1.10) 1.07 (1.05, 1.10)
P value <0.001 <0.001 <0.001
Anxiety incidence
No. of Model 1 Model 2 Model 3
participants/
incidence HR (95% Cl) HR (95% Cl) HR (95% Cl)

Tertile 3 (highest)
Tertile 2 (medium)
Tertile 1 (lowest)
HR for tertile trend
P for trend

Per 5 kg lower HGS
P value

52 426/1831
52 431/2117
57 310/2666
162 167/6614

162 167/6614

Ref.
1.15 (1.08, 1.23)
1.37 (1.29, 1.45)
1.17 (1.14, 1.21)
<0.001
1.12 (1.10, 1.14)
<0.001

Ref.
1.13 (1.06, 1.21)
1.30 (1.22, 1.38)
1.14 (1.11,1.17)
<0.001
1.10 (1.07, 1.12)
<0.001

Ref.
1.13 (1.06, 1.20)
1.27 (1.19, 1.35)
1.13 (1.09, 1.16)
<0.001
1.08 (1.06, 1.10)
<0.001

Cl, confidence interval; HGS, handgrip strength; HR, hazard ratio.
Model 1 was adjusted for age, sex, deprivation index, and ethnicity. Model 2 was adjusted for Model 1 plus lifestyle factors, including
smoking status, alcohol intake, walking pace, TV viewing, sleep time, and dietary intake (fruits and vegetables, red meat, processed meat,
and oily fish intake). Model 3 (fully adjusted) was adjusted as in Model 2 plus body mass index and multimorbidity. Significant values

(P < 0.05) are in bold.

significant interactions were observed, with the exception of
walking pace (Pinteraction < 0.001), such that the risk of inci-
dent depression per 5 kg decrement in HGS was slightly
higher among those with average or brisk walking pace than
those with slow walking pace (Figure 2). For incident anxiety,
the association with HGS was stronger among older partici-
pants (Pinteraction = 0.002) and those living in more affluent
areas (Pinteraction = 0.001) (Figure 3).

Discussion

The main finding of the present study is that lower HGS was
associated with a higher risk of incident depression and
anxiety in a large cohort of adults free of major mental health
disorders. Potential socio-demographic, health-related, and
lifestyle confounders explained relatively little of these
associations. These findings may have important public
health implications, as maintaining muscular strength may
be protective against developing depression and anxiety.
However, causality cannot be tested in the current study,
and so there is a need for randomized controlled trials to in-
vestigate the effect of muscle strengthening exercise training
on anxiety and depression.

Although a cross-sectional association between muscle
strength and depressive symptoms has been previously
reported,? there is limited and conflicting evidence from

prospective studies.’® Bertoni et al.??> found that neither
baseline nor incident muscle weakness (estimated by HGS)
was associated with the onset of depressive symptoms
among 6526 adults, aged >70 years, from 12 European
countries. Conversely, a lower HGS was associated with the
development of depressive symptoms among older adults
in cohorts from England (3862 adults aged 64.4 + 8.3 years)?®
and Italy (970 elderly subjects >65 years).?* Similarly,
McDowell et al.?® revealed that the middle and highest HGS
tertiles had 32.1% and 32.8% lower odds of reporting
incident depression over 2 year follow-up, among a sample
of 4104 adult (>50 years) residents in Ireland. Likewise, lower
HGS was associated with depressive symptoms after 1 year
(adjusted odds ratio: 1.13 [1.01-1.27] per 1-SD decrease)
in a prospective cohort of 4314 Japanese individuals aged
40-79 years.*® Finally, a prospective cohort study, which
enrolled 8470 Chinese adults aged >45 years who were
followed up for 3.7 years, reported a 13% lower risk for
severe depressive symptoms per 1-SD increase in absolute
HGS.?” However, these studies were largely conducted on
small study populations predominantly composed of older
adults, and depression was ascertained from self-report
rather than clinical diagnoses. A recent study using UK
Biobank participants reported that low and medium HGS
was associated with 1.41 and 1.12 higher odds of depression
incidence, estimated by questionnaire (Patient Health
Questionnaire-9).*3 Therefore, our study adds to the existing
evidence by demonstrating an inverse association between
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Subgroup Hazard Ratio P-value P for
(95% Cl) interaction
Sex i —_———
Women : SR S 1.06 (1.03, 1.09) <0.001 0.120
Men : 1.08 (1.05, 1.11) <0.001
<58 years : . 1.04 (1.01, 1.07) 0.003 0.587
=59 years : 1.07 (1.04, 1.10) <0.001
Deprivation index o
Affluent 1.09 (1.06, 1.12) <0.001 0.329
Deprived 1.05 (1.03, 1.08) <0.001
Body mass index
Normalweight : 1.06 (1.01, 1.10) 0.009 0.643
| P
Overweight : 1.08 (1.04, 1.11) <0.001
. : —_——————
Obesity : 1.07 (1.03, 1.11) <0.001
Multi-morbidity |
! s
None : 1.09 (1.04, 1.14) <0.001 0.524
’ °
One : 1.07 (1.04, 1.11) <0.001
Two or more § e 1.06 (1.03, 1.10) <0.001
Smoking status
: e
Never : 1.08 (1.05, 1.11) <0.001 0.148
Former | e 1.06 (1.02, 1.10) 0.001
Current ; . 1.05 (0.98, 1.13) 0.131
Alcohol intake :
Non-heavy intake C 1.08 (1.04, 1.11) <0.001 0.091
Heavy intake | ——O— 1.07 (1.04, 1.09) <0.001
Walking pace
Average/ brisk : O 1.08 (1.05, 1.10) <0.001 <0.001
Slow ——C— 1.05 (1.00, 1.10) 0.051
TV viewing é
<4hid : —— 1.07 (1.04, 1.09) <0.001 0.445
> 4h/d i . 1.09 (1.03, 1.14) 0.001
Sleep time
Normal sleeper e @ 1.06 (1.04, 1.09) <0.001 0.102
Short sleeper BRI e 1.09 (1.05, 1.13) <0.001
Long sleeper L 1.01(0.90, 1.14) 0.823
Per 5-Kg lower grip —— 1.07 (1.05, 1.09) <0.001
T f T
0.9 1.0 11
HR (95% CI)

Figure 2 Depression incidence per 5 kg lower handgrip strength stratified by socio-demographic, lifestyle, and health-related factors. Analyses were
adjusted for age, sex, deprivation index, ethnicity, smoking status, alcohol intake, walking pace, TV viewing, sleep time, dietary intake (fruits and veg-
etables, red meat, processed meat, and oily fish intake), body mass index, and multimorbidity, eliminating as co-variable the grouping variable in each

case. Cl, confidence interval; HR, hazard ratio.

HGS and subsequent onset of physician-diagnosed depres-
sion in a large cohort of both middle aged and older adults.

In relation to anxiety, there is existing evidence of an
association between low HGS and persistence of anxiety
disorders,”® but the relationship between HGS and subse-
quent onset of anxiety remains largely unexplored.
Carvalho et al.® found no evidence that muscle weakness
(HGS < 30 kg for men and <20 kg for women) was associated
with incident anxiety among 5271 participants of the Irish
Longitudinal Study on Ageing. Based on 3234 participants

from the same cohort, Gordon et al.’ showed that 1-SD
higher HGS was non-significantly associated with 24.2% lower
odds of incident generalized anxiety disorders. In contrast,
we found that, compared with the highest tertiles of HGS,
participants in the medium and lowest tertiles had 13% and
27% higher risk of incident anxiety, respectively. Moreover,
supplementary analyses revealed muscle weakness
(HGS < 26 kg for men and <16 kg for women) to be associ-
ated with a 24% higher risk of incident anxiety. Similarly,
Kandola et al.*®* found that low and medium HGS was
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Subgroup Hazard Ratio P-value P for
(95% Cl) interaction
Sex i —_——
Women S 1.08 (1.05, 1.11) <0.001 0.907
Men : 1.08 (1.04, 1.11) <0.001
<58 years . 1.05 (1.03, 1.08) <0.001 0.002
=59 years : 1.09 (1.06, 1.13) <0.001
Deprivation index o
Affluent 1.10(1.07, 1.13) <0.001 0.001
Deprived 1.06 (1.04, 1.09) <0.001
Body mass index i
Normalweight : 1.06 (1.03, 1.10) <0.001 0.478
' —_—
Overweight i 1.08 (1.05, 1.11) <0.001
Obesity : 1.10 (1.06, 1.14) <0.001
Multi-morbidity H
] —0—
None : 1.09 (1.05, 1.13) <0.001 0.751
One | o o 1.08 (1.04, 1.11) <0.001
Two or more ® 1.08 (1.05, 1.12) <0.001
Smoking status
Never 1.07 (1.04, 1.09) <0.001 0.359
Former | s O 1.11(1.08, 1.15) <0.001
Current —e 1.03(0.95,1.12) 0.450
Alcohol intake :
Non-heavy intake O 1.06 (1.03, 1.09) <0.001 0.871
Heavy intake e O 1.09 (1.07, 1.12) <0.001
Walking pace
Average/ brisk : ® 1.08 (1.05, 1.10) <0.001 0.366
Slow | — 1.11 (1.0, 1.17) <0.001
TV viewing é
<4hid : e 1.09 (1.06, 1.11) <0.001 0.190
> 4h/d I 1.06 (1.01, 1.11) 0.018
Sleep time
Normal sleeper e @ 1.07 (1.05, 1.10) <0.001 0.476
Short sleeper N 1.10 (1.06, 1.14) <0.001
Long sleeper : A 1.14 (1.00, 1.29) 0.048
Per 5-Kg lower grip —— 1.08 (1.06, 1.10) <0.001
T f T T T
0.9 1.0 11 12 1.3
HR (95% CI)

Figure 3 Anxiety incidence per 5 kg lower handgrip strength stratified by socio-demographic, lifestyle, and health-related factors. Analyses were ad-
justed for age, sex, deprivation index, ethnicity, smoking status, alcohol intake, walking pace, TV viewing, sleep time, dietary intake (fruits and vege-
tables, red meat, processed meat, and oily fish intake), body mass index, and multimorbidity, eliminating as co-variable the grouping variable in each

case. Cl, confidence interval; HR, hazard ratio.

associated with 1.38 and 1.14 higher odds of anxiety inci-
dence, self-reported through the Generalized Anxiety
Disorder-7 scale. Our results add evidence to the study by
Kandola et al.,*® because we used quality information derived
from both hospital and primary care records, rather than
self-reported information. However, given the limited
number of studies to date, further research on the potential
protective effect of HGS on anxiety onset is needed.
Interestingly, we found slight moderation effects by some
socio-demographic, lifestyle, and health-related factors on

the associations between HGS and incidence of depression
and anxiety. Regarding depression onset, we found a signifi-
cant interaction term between HGS and walking pace, so
that the relationship between HGS and incident depression
was stronger among those with average or brisk walking
pace, in comparison with those with slow walking pace. It
has been reported that individuals with slow gait speed are
at higher risk of developing depressive symptoms; mobility
impairments limit the ability to perform activities of daily liv-
ing, undermine self-esteem, and decrease social interaction,
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which may result in the onset of depression.?® Therefore, it
is possible that the participants in our study with low slow
walking pace were already at increased baseline risk of
depression, reducing the potential additional effect of low
HGS. On the other hand, the association between HGS and
incident anxiety was stronger among participants aged
>59 years. This concurs with previously reported findings
showing that the effect of HGS on mental health is
greater among older participants.?*3° Similarly, a previous
meta-analysis demonstrated that the effectiveness of
strength training in the treatment of mood disorders is
greater among patients older than 60 years.?! A possible rea-
son may be that HGS strongly correlates with functional ca-
pabilities and cognitive function in the elderly.>> Moreover,
we found stronger associations between HGS and incident
anxiety among participants living in more affluent areas. A
recent review by Linder et al.3®> demonstrated that the neg-
ative consequences of depression and anxiety are greater
among individuals with lower socio-economic status.
Therefore, the beneficial effect of HGS on incident anxiety
may not be as great among disadvantaged communities,
where access to treatment or prevention programmes is
more limited.>

The mechanisms underpinning the associations of HGS
with the development of depression or anxiety are largely un-
clear, but some hypotheses involving neurophysiological and
psychosocial pathways could be speculated. Brain functional
and structural alterations have been previously informed in
patients with anxiety and depression; the most consistently
affected area in people with mood disorders is the hippocam-
pus, an area implicated in emotional processing and stress
regulation.3*3> Substantial evidence also demonstrated that
people with depression or anxiety have decreased levels of
BDNF, a marker of neuronal growth and plasticity.>® Mean-
while, greater HGS has been positively associated with hippo-
campal volume, white matter integrity, and neurocognitive
functioning,®” and resistance training is known to increase
BDNF levels,®® which might prevent anxiety and depressive
symptoms. Moreover, there are several lines of evidence sug-
gesting that chronic low-grade inflammation may play an im-
portant role in the pathophysiology of mood disorders,
because elevated levels of pro-inflammatory markers [i.e.,
interleukin (IL)-6, IL-1, tumour necrosis factor-a, or C-reactive
protein] have been described among patients with mood
disorders.®® In response to muscle contractions, skeletal mus-
cle tissues release several cytokines and myokines into the
circulation, which anti-inflammatory properties could protect
against the risk of mood disorders.?° Besides, chronic oxida-
tive stress was associated with an increased risk for mental
conditions, but a recent meta-analysis found resistance exer-
cise associated with reductions on indicators of oxidative
stress and increases in antioxidant levels.*° From a psychoso-
cial perspective, engaging in health behaviours, such as exer-
cise, increases feelings of self-efficacy, self-esteem, and social

support, which may contribute to prevent mental health dis-
orders; specifically, higher HGS has been linked to increased
quality of life, mobility, and engagement in daily activities.>*
Thus, it is possible that people with higher HGS are more
likely to engage in more social activities and receive more so-
cial support, which, in turn, may lead to lower risk of develop-
ing depression or anxiety.

Overall, we found consistent positive associations of HGS
with lower risk of incident depression and anxiety, which
highlights the importance of maintaining healthy levels of
strength across the lifespan. Therefore, the promotion of re-
sistance exercise training, which reduces functional limita-
tions and exerts anxiolytic effects,** could be an effective
strategy not only to reduce symptom severity among people
with established mental health problems but also to protect
the general population from developing them. Previous evi-
dence from randomized controlled trials supports the effec-
tiveness of resistance training programmes to reduce
anxiety** and depressive symptoms*? in people with mental
health disorders. However, further work is needed to deter-
mine if resistance exercise can reduce incidence of depres-
sion and anxiety in general population.

Strengths and limitations

Strengths of the current study include its prospective design,
large sample, and the detailed assessment of the population,
which allowed for conservative adjustment as well as sub-
group analyses. Moreover, the main outcomes used in this
study—depression and anxiety—were ascertained using link-
age to primary care records, instead of self-reported out-
comes, and the exposure—HGS—was objectively measured
by trained staff using validated methods and standard
operating procedures. In addition, a wide range of potential
confounders, covering socio-demographic, lifestyle, and
health-related factors, could be controlled for in the analyses.
However, this study is not without limitations. UK Biobank is
relatively representative of the general UK population; there-
fore, summary statistics should not be generalized.*® Further,
most of socio-demographic, lifestyle, and health-related
factors were self-reported, which could obscure the risk esti-
mate due to recall bias. Moreover, although primary care and
hospital records (based on diagnosis by physicians) may be a
higher quality source of information than self-reported
measures, the diagnosis of depression and anxiety may be
under-reported so that the incidence of non-severe symp-
toms of depression or anxiety may not have been recorded.
Finally, although we excluded participants with relevant men-
tal morbidities at baseline and undertook 2 year landmark
analysis, residual confounding is possible in any observational
study, reverse causation is still possible, and causality cannot
be inferred from association.
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Conclusions

In conclusion, this study found an inverse association be-
tween HGS and incident depression and anxiety in a large
prospective cohort of adults free of mental health problems
at baseline. Socio-demographic, health-related, and lifestyle
factors demonstrated slight moderation effects on the study
relationships. These findings may have important clinical
and public health implications. First, given that HGS is a sim-
ple, non-invasive, and inexpensive measure, it could be easily
used in clinical practice to stratify patients and identify those
at elevated risk of mental health problems. Secondly,
resistance training should be investigated in randomized
controlled trials to determine its effects on incident anxiety
and depression.
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