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sion, or as a comorbidity or precursor to this condition. The present study examined

cross-sectional associations between grip strength, an established marker of physical
function, and (a) depressive symptoms and (b) chronic stress utilizing hair cortisol
concentrations, while accounting for multiple pertinent confounding variables.

Method: Data were used from wave 6 (2012/13) of the English Longitudinal Study
of Aging, a panel study of older (>50 years) community-dwelling men and women.
Grip strength was measured in kg using a hand-held dynamometer. Depressive symp-
toms were assessed using the 8-item Center for Epidemiologic Studies Depression
scale. Hair cortisol concentrations (pg/mg) were determined from samples of scalp
hair and log-transformed for analysis to correct skewness. Associations of grip
strength with depressive symptoms and hair cortisol concentration were tested using
linear regression models adjusted for age, sex, ethnicity, wealth, smoking status,
physical activity, body mass index, limiting long-standing illness, arthritis, diabetes,

and hair treatment.
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Results: The sample comprised of 3741 participants (mean age 68.4 years, 66.4% fe-
male). After adjustment for age and sex, grip strength was significantly and negatively
associated with both depressive symptoms (B = —0.038, SE = 0.004, P < 0.001) and
hair cortisol (B = —0.003, SE = 0.001, P = 0.029). However, in the fully-adjusted
models, both associations were attenuated and only the association with depressive
symptoms remained statistically significant (B = —0.015, SE = 0.004, P < 0.001; hair
cortisol B = —0.002, SE = 0.001, P = 0.088).

Conclusion: In a large sample of older adults in England, grip strength was nega-
tively associated with depressive symptoms. Results were inconclusive regarding the
association between grip strength and chronic stress. Further research examining the
longitudinal relationships between muscular strength and specific aspects of mental
health, while also exploring the neurobiological mechanisms underlying these asso-

ciations, is warranted before recommendations for policy and practice can be made.

KEYWORDS

1 | INTRODUCTION

The health benefits of aerobic physical activity are well es-
tablished,"? although less is known about muscle strength.
Handgrip strength is a valid measure of physical function/
performance (muscle strength) that has been widely used in
observational cohort studies and clinical settings.3'5 A grow-
ing body of literature has shown that low grip strength is as-
sociated with non-communicable diseasef”7 mortality risk,8
as well as impaired cognitive functioning.g’10

Handgrip strength has also been shown to be associated
with depression.g’n’12 Two cross-sectional studies have iden-
tified an inverse association between handgrip strength and
depression. 1314 Another study using a large population-based
adult sample found that lower handgrip strength, standardized
for age and sex, was both cross-sectionally and longitudinally
associated with depressive symptoms.15 Other recent studies
have found similar results.'"' One area of mental health that
is understudied in relation to grip strength is chronic stress,
which can exist independently to depression, or as a comor-
bidity or precursor to this condition.

Chronic stress is associated with a plethora of physi-
cal health conditions,”’18 with the stress biomarker corti-
sol likely playing a pivotal role."” Literature suggests that
excessively accumulating life stress, not only diminishes
health, but simultaneously reduces physical activity uptake.20
Indeed, both a reduction in physical health and low levels of
physical activity have been shown to be associated with lower
grip strength.7’21 Importantly, cortisol may be independently
associated with grip strength as it stimulates degradation and
inhibits synthesis of muscle proteins,22 and thus is feasibly
associated with grip strength. A relationship between grip
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strength and stress is likely bidirectional; that is, stress may
lead to lower grip strength via the mechanisms explained
above and low grip strength (an indicator of frailty) may lead
to higher chronic stress via, for example, reduced quality of
life or increasing difficulty in completing daily tasks.

Previous research has already indicated that an inverse as-
sociation exists between muscular strength and stress mark-
ers. For instance, one study among 26 middle-aged and 21
older healthy men found that serum cortisol levels were neg-
atively related to muscle strength of the knee extensor.” One
other study has shown a relationship between higher cortisol
and poorer physical performance.24 In analyses using data
from the Longitudinal Aging Study Amsterdam, it was found
that high salivary cortisol was associated with a higher risk of
loss of grip strength in older persons.”? However, this study
failed to control for one important confounding variable,
physical activity. Indeed, physical activity has been shown to
be associated with grip strengthzs’26 and cortisol levels.”?

Another limitation of the extant literature is the focus of
the measurement of cortisol in saliva, serum, or urine. These
capture real-time cortisol levels and are subject to substan-
tial fluctuation throughout the day. By contrast, hair cortisol
analysis captures accumulated cortisol exposure over longer
periods and thus provides a better measure of chronic stress
exposure.19 Because of its ability to provide a long-term mea-
sure of systemic cortisol exposure, it is possible that hair and
salivary measures of cortisol do not entirely correlate, as has
been shown in previous studies.”’ The relationship between
grip strength and chronic stress (measured using hair corti-
sol) is therefore not known.

The present study aimed to investigate the associations be-
tween grip strength and different aspects of mental health, by
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(a) replicating the previously indicated relationships between
grip strength and depression, then (b) examining whether
grip strength is related to objective markers of chronic stress
(utilizing hair cortisol concentrations), while accounting for
multiple pertinent confounding variables such as physical
activity.

2 | METHOD

21 |

The sample was drawn from men and women taking part
in Wave 6 (2012/13) of the English Longitudinal Study of
Ageing, a panel study of over 50s living in England.*® This
wave of data collection is the only one to date to include
hair sampling for analysis of cortisol levels. Ethics approval
was granted by the London Multi-Centre Research Ethics
Committee. All participants provided full informed consent.

Study population

2.2 | Measures

Handgrip strength (kg) of the dominant hand was assessed
using a hand-held dynamometer, with the average of three
measures used in the analyses and analyzed as a continuous
variable.

Depressive symptoms were measured using the 8-item
Center for Epidemiologic Studies Depression scale (CES-D),
which asks about symptoms over the last month (eg, “Over
the last month have you felt sad?”’) with a binary response for-
mat (yes/no).31 Positively worded items were reverse-coded,
and the items scores were summed for a total score ranging
from O (no symptoms) to 8 (highest number of symptoms).

The hair cortisol assessment procedure has been described
in detail elsewhere.* Briefly, a scalp-proximal hair sample at
least 2-cm long and weighing at least 10mg was taken from
the posterior vertex of all eligible consenting participants, cut
as close to the scalp as possible. The wash procedure and
steroid extraction were undertaken using high-performance
liquid chromatography—mass spectrometry, as described
by Gao et al.®? Assuming an average hair growth of approx-
imately 1 cm per month,** the scalp-nearest hair segment of
2 cm represents average cortisol accumulated over an approx-
imate time span of two months prior to sampling.

Potential confounders included age, sex, ethnicity (white,
non-white), and household non-pension wealth (a proxy for
socioeconomic status shown to be particularly sensitive in
this population35; in quintiles across all individuals taking
part in Wave 6 of ELSA), smoking status (current, never/for-
mer), level of physical activity (inactive, moderate at least
once a week, vigorous at least once a week36), body mass
index (BMI; in kg/m2 based on objective measurements of
height and weight), self-reported presence of a limiting long-
standing illness (defined as any chronic illness, disability or

infirmity that limits activities in any way), doctor-diagnosed
arthritis and diabetes, and hair treatment (chemical treatment
or dye).

2.3 | Statistical analyses

Analyses were performed using IBM SPSS Statistics v.24.
A log transformation was applied to hair cortisol data to cor-
rect the high degree of skewness. For descriptive purposes,
Table S1 provides the mean and standard deviation (SD) of
hair cortisol concentration in original units (pg/mg). We used
descriptive statistics to summarize the sample characteristics
and linear regression models to analyze the associations be-
tween grip strength and (a) depressive symptoms and (b) hair
cortisol concentration. For each outcome, we constructed
three regression models. The first was partially adjusted for
age and sex (as these two variables are used for international
benchmarks of grip strength). The second was adjusted for
age, sex, and health behaviors (smoking, physical activity,
BMI). The third was fully adjusted for multiple putative fac-
tors which could theoretically confound the relationships
between grip strength and depressive symptoms and cortisol
concentrations, including age, sex, smoking status, physi-
cal activity, BMI, ethnicity, wealth, limiting long-standing
illness, arthritis, diabetes, and hair treatment. Results are
presented as unstandardized betas (B) with standard errors
(SE) and 95% confidence intervals (CI). B values represent
the change in depressive symptoms or cortisol concentration
(log pg/mg) associated with a 1-kg increase in grip strength.
Because CES-D scores were not normally distributed, we re-
peated models using log-transformed values as a sensitivity
check.

3 | RESULTS

Of the 7731 participants who took part in the Wave 6 nurse
visit (in which hair samples and measures of physical per-
formance were taken), measurements of grip strength were
available for 7502 participants. Due to financial constraints,
hair analysis was only performed for a random subset of par-
ticipants who provided hair samples (n = 4726). We excluded
577 participants who did not have detectible hair cortisol val-
ues and a further 408 with missing data on covariates, leaving
a final sample for analysis of 3741 participants.

There were 1257 men and 2484 women in the analyzed
sample, ranging in age from 54 to 89 years. Sample character-
istics are summarized in Table S1. Participants were on aver-
age 68.4 years, and the vast majority (97.9%) were white. The
upper quintiles of wealth were overrepresented relative to the
whole ELSA sample. One in ten was a current smoker, two in
ten were inactive, and three in ten reported a limiting long-
standing illness. The mean BMI was in the overweight range
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at28.29 kg/m2 (range 15.1t0 59.4 kg/mz). Relative to the total
sample of ELSA participants who participated in the Wave 6
nurse visit, the analyzed sample was more likely to be female,
white, and wealthy. They had a higher mean BMI, but were
more likely to be physically active and less likely to report
a limiting long-standing illness, arthritis, or diabetes. Their
mean grip strength was lower, they reported fewer depressive
symptoms, but did not differ significantly on hair cortisol.

Mean grip strength was 28.22 (SD 10.47) kg; 38.39 (SD
9.25) kg for men and 23.08 (6.55) kg for women. The mean
number of depressive symptoms reported was 1.23 (SD
1.79), and mean hair cortisol concentration was 26.21 (SD
68.83) pg/mg. After adjustment for age and sex, there was
a significant negative association between grip strength and
depressive symptoms (Table S2, Model 1: B = —0.038, SE
= 0.004, P < 0.001). This association was attenuated but re-
mained significant after additional adjustment for smoking
status, physical activity, and BMI (Table S2, Model 2: B
= —0.030, SE = 0.004, P < 0.001), and ethnicity, wealth,
limiting long-standing illness, arthritis, diabetes, and hair
treatment (Table S2, Model 3: B = —0.015, SE = 0.004, P <
0.001). The same results were observed when depressive
symptoms were analyzed with a log transformation applied
(Model 1: B = —0.005, SE = 0.001, P < 0.001; Model 2:
B = —-0.004, SE = 0.001, P < 0.001; Model 3: B = —0.002,
SE =0.001, P =0.004). There was also a significant negative
association between grip strength and hair cortisol concentra-
tion in the age and sex-adjusted model (Table S3, Model 1:
B =-0.003, SE = 0.001, P = 0.029). This remained signifi-
cant after additional adjustment for smoking status, physical
activity, and BMI (Table S3, Model 2: B = —0.003, SE =
0.001, P = 0.036) but was non-significant in the fully ad-
justed model (Table S3, Model 3: B = —0.002, SE = 0.001,
P =0.088).

4 | DISCUSSION
In this large sample of older adults in England, a significant
inverse association between grip strength and depressive
symptoms was observed, even when accounting for poten-
tially confounding factors, thus replicating the recent emer-
gent findings on the relationship between muscular strength
and depression.'"!*'® To the best of our knowledge, for the
first time, we found a similar inverse association between
grip strength and an objective marker of chronic stress (meas-
ured using hair cortisol) when controlling for age and sex.
However, this relationship was attenuated and became non-
significant after adjusting for additional sociodemographic,
behavioral, and health-related factors.

Although the present findings confirm those of previous
research showing grip strength to be associated with depres-
sive symptoms,’ 11316 the causal mechanisms underlying this
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relationship have yet to be determined. One possibility is that
depression may cause a decline in systemic physical func-
tioning37 through its association with adverse health behav-
iors. For instance, depressive symptoms—such as changes
in appetite, sleep disturbances and reductions in physical ac-
tivity—have the potential to change body composition and
metabolism, thereby accelerating a decline in physical func-
tioning over time.® However, this cannot fully account for
the relationships previously observed, as grip strength also
seems protective for developing depression over time."” In
older adults, decreased muscle function is closely related to
frailty, which has been shown to be highly comorbid with
depression in cross-sectional and longitudinal studies.”’
Moreover, in older age, decreased muscle mass/strength and
sarcopenia have been related to increased peripheral inflam-

4041 and increased oxidative stress,42 both of which are

mation
closely related to the underpinning mechanisms of depres-
sion.”** Another important mechanism could be the fact that
decreased functional performance results in reduced ability
to undertake one's activities of daily living, increased fear of
falling, and ultimately increased social isolation, which in-
creases the risk of depression.45 Taken together, it is likely
that the relationship between depression and grip strength is
bidirectional. Clearly, further research is warranted to disen-
tangle mechanisms.

Whereas, the above findings replicate previous research,
our examination of the relationship between muscular
strength and stress differs from previous research. While pre-
vious studies have reported a significant inverse relationship
between grip strength and serum or salivary cortisol,**** we
found no evidence of a significant association between grip
strength and hair cortisol after adjustment for relevant con-
founders. This difference may be due to the types of cortisol
measures used, as two previous studies comparing hair and
salivary cortisol measurements in the same individuals have
not observed a significant correlation between the two mea-
sures.**4 Specifically, these alternative measures of cortisol
are thought to represent different types of stress, with saliva/
serum cortisol representing acute stress and hair cortisol in-
dicating chronic stress exposure. However, the discrepant
findings between ours and previous studies might also be
partially explained by inclusion of different covariates in the
models. Indeed, the study by Peeters and colleagues did not
control for physical activity, where the present study did.*
Further supporting this rationale, we found significant asso-
ciations in our partially adjusted models.

Clear strengths of this study are the large sample, objec-
tive markers of chronic stress, and the inclusion of a wide
range of potential confounders in the statistical modeling.
However, findings from the present study must be inter-
preted in light of its limitations. The cross-sectional design
means we are not able to draw any inferences on the direc-
tion of causation, that is, whether low grip strength causes
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depressive symptoms/stress, whether depressive symptoms/
stress cause a decline in grip strength, or whether low grip
strength and depressive symptoms/stress are caused by a
third factor. It is however likely that the relationship is bidi-
rectional. Moreover, while we adjusted for a range of poten-
tial confounders in an effort to rule out the latter possibility,
there may be residual confounding by unmeasured variables.
Studies using a longitudinal design are required to shed light
on this issue. In addition, while the sample was drawn from a
representative sample of older adults living in England, there
was a substantial amount of missing data due to participants
being ineligible or not providing consent for hair sampling or
measurement of grip strength, non-response to questionnaire
items on depressive symptoms or covariates, and financial
limitations on the processing and analysis of collected hair
samples. Comparison of descriptive characteristics indicated
the analyzed sample differed from the total ELSA sample on
a number of variables. As such, results may not be general-
izable to the wider population of older adults in England.
Finally, we did not test non-linear associations between grip
strength and depressive symptoms or hair cortisol, or moder-
ation of associations by sociodemographic or health-related
factors (eg, age, sex, presence of chronic disease). Future re-
search exploring these issues could provide a useful addition
to the literature.

S | PERSPECTIVES

Our findings confirm the association between grip strength
and depressive symptoms, while also suggesting this rela-
tionship exists separately to chronic stress. Further research
examining the longitudinal relationships between muscular
strength and specific aspects of mental health, while also ex-
ploring the neurobiological mechanisms underlying these as-
sociations, is warranted.
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