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severity of acute illness and body mass index patients with 
low muscle strength had worse cognitive function, qual-
ity of life and higher depression symptoms compared with 
those with normal muscle strength over a 6-month period 
(p < 0.05).
Conclusion Poor muscle strength in older people is asso-
ciated with poor cognitive state and quality of life and 
increased depression symptoms during both acute illness 
and recovery.

Keywords Muscle function · Hand-grip strength · 
Cognitive function · Depression · Quality of life

Introduction

The number of older people is growing rapidly worldwide 
and looks set to continue to increase further in the future. 
Ageing in man is associated with physiological and patho-
logical changes some of which known to influence future 
risk of disease and the recovery from it. For example, both 
muscle strength and mass deteriorate with ageing and are 
known to be associated with disability and poor outcome 
[1–3]. Muscle function tests represent the newest approach 
for evaluating nutritional status and include measuring 
grip strength. Loss of muscle function/strength over time 
is known to be greater than loss of muscle mass [4–6]. 
Furthermore, evidence from longitudinal studies showed 
that age-related decline in muscle strength far exceeds the 
observed changes in muscle mass or size and that interven-
tions that maintain or even increase muscle mass may not 
necessarily decrease or prevent muscle weakness in older 
adults [6, 7]. A number of cross-sectional and prospective 
studies revealed that muscle strength is a prognostic indi-
cator of functional decline [8–10]. Recognizing underlying 
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Background Although low muscle function/strength is 
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causes and health impact of poor muscle strength is 
expected to help guide treatment and, therefore, minimize 
adverse outcomes [7, 11]. Furthermore, older people are at 
risk of repeated ill health and during acute illness a series 
of metabolic events are activated that leads to a state of 
negative nitrogen balance and significant loss of lean body 
mass. The loss of lean body mass if significant may lead to 
adverse clinical outcome [3].

Although poor muscle strength has emerged as an 
important predictor of frailty and disability not many data 
on hospitalized patients are available. Specifically little is 
known about the impact of poor muscle strength on mental 
health of older people during both acute illness and recov-
ery [12, 13]. The aim of this study is to measure the impact 
of poor muscle function measured by handgrip strength on 
mental health of older patients during both acute illness 
and recovery.

Methods

Subjects

Four hundred and thirty-two unselected acutely ill hospital-
ized older patients with complete data were included [14]. 
All subjects admitted to Barnsley District General Hos-
pital 7 days a week were considered for the study. Barns-
ley District General Hospital serves a total population of 
234,000. It has 650 beds, the medical unit has 250 beds 
for acute medical admissions. Patients admitted for medi-
cal emergencies and elective orthopaedic surgeries were 
recruited. Subjects were first identified through the com-
puterised databases of all patients in hospital. When first 
admitted all patients have an individualized computerised 
plan created. This allowed all patients to be screened for 
suitability including those admitted over the weekend. The 
medical notes of those identified from the database were 
examined and eligible patients were approached. Common 
admission diagnoses of study population include ischae-
mic heart disease, chest infection, chronic obstructive lung 
disease, heart failure, falls, stroke, syncope, urinary tract 
infection, anaemia, septicaemia, diabetes, osteoarthritis, 
rheumatoid arthritis and fractured limbs. Inclusion criteria 
were: age ≥65 years; stable medical condition and able to 
sign an informed written consent form. Patients excluded 
from the study were those with severe medical or psy-
chiatric illness including those with malignancy, severe 
dementia and living in institution. The study received 
local research ethics committee approval. All patients had 
clinical and nutritional baseline assessment within 72 h of 
admission in hospital and at 6 weeks and 6 months either 
in hospital or in the community for those discharged earlier 
than 6  weeks. Clinical assessment included demographic 

and medical data, current diagnosis, history of chronic ill-
nesses, smoking, alcohol and drug intake, nutritional status 
and disability measured using the Barthel score. The Bar-
thel scores 10 functions on a scale 0 (fully dependent) to 20 
(independent). The Barthel score posses certain advantage, 
including completeness, sensitivity to change suitability for 
statistical manipulation and greater familiarity due to more 
widespread use. It is also a more reliable and less subjec-
tive score for assessing disability [15]. Nutritional status 
was assessed from anthropometric, haematological and 
biochemical data [14]. All anthropometric measurements 
were performed using standard methods with intra-observ-
er’s differences assessed prior to the commencement of the 
study. Mid-arm circumference (MAC) and triceps skin folds 
(TSF) were measured by a flexible tape and Harpenden 
Skinfold calipers accurate to 0.2 mm (Practical Metrology, 
Sussex, UK), respectively, and the mean of three measures 
was recorded. The local pathology laboratory performed 
routine tests including haemoglobin, albumin and trans-
ferrin measurements. C-reactive protein (CRP) concentra-
tion, a marker of tissue inflammation (severity of illness) 
was measured by a modified latex-enhanced immuno-tur-
bidimetric assay (normal range ≤10 mg/L). The inter-assay 
coefficient of variation (CV) was 3.9%.

Muscle strength–handgrip [2, 3]

This was measured using a handgrip dynamometer (Practi-
cal Metrology, Sussex, UK). Subjects had three measure-
ments using their dominant hand unless this was unusable 
(arms in plaster, recent stroke weakness). Using the cut-off 
points of the European Working Group on sarcopenia in 
older people, low muscle strength was classified as mus-
cle strength–handgrip less than 30 and 20 kg in men and 
women, respectively.

Cognitive function [15]

Cognitive state was assessed by the abbreviated mental test 
questionnaire (AMT). It consists of ten questions: age, year, 
date of birth (day and month), name of institution, immedi-
ate re-call, recognition of two persons, year of First World 
War, name of present monarch and counting backward 
(20–1). The maximum score is 10. A score of 6 or less indi-
cates cognitive deficit.

Depression [15]

Depressive symptoms were assessed using the 15 item Ger-
iatric Depression questionnaire (GDS). The 15-item GDS 
is suitable as a screening test for depressive symptoms 
in the elderly and ideal for evaluating the clinical sever-
ity of depression. It is easy to administer, needs no prior 
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psychiatric knowledge and has been well validated in many 
environments. The GDS maximum score is 15. In clini-
cal practice a score of 0–4 = no depression; 5–10 = mild 
depression; ≥11 = severe depression.

Quality of life was assessed using the validated Medical 
Outcomes Study 36-item (SF-36) General Health Survey 
questionnaire [16]. The questionnaire consists of 36 ques-
tions forming eight multi-item scale including physical 
functioning, role limitations—physical, role limitation—
emotional, bodily pain, general health, vitality, social func-
tioning and mental health. Its validity is now well estab-
lished and it has been used in several large studies. It has 
been adapted for use with older adults and this was the ver-
sion used in this study [16]. The questionnaire is measured 
on a 0–100 (good health) scale, self-administered with help 
provided when needed and took about 10 min to complete.

Statistical analyses

Statistical analyses were performed with SPSS software, 
version 22 (SPSS Inc., Chicago). Descriptive tests [mean 
(SD)] were used to describe the baseline characteristics of 
the subjects. Independent student t test or the nonparamet-
ric Mann–Whitney U test was used depending on data dis-
tribution to test between group differences with a p  value 
of <0.05 regarded as statistically significant. A repeated-
measure analysis of variance was performed to determine 
the influence of admission muscle strength on mental 
health measured using AMT, GDS and SF-36 at baseline, 
6  weeks and 6  months after adjusting for a number of 
covariates including age, gender, disability, comorbidity 
(previous illnesses and drugs), body mass index (BMI) and 
severity of acute illness (inflammation) measured using 
CRP. Kruskal–Wallis analysis of variance was also used.

Results

All 432 acutely ill older patients admitted to hospital and 
followed up for a period of 6 months were included in this 
analysis. Among the 432 patients recruited 308 (79%) had 
low muscle strength at baseline. Corresponding figures at 
6 weeks and at 6 months were 140 (73%) and 158 (75%). 
Exclusions were due to early discharge, death or inabil-
ity to provide outcome data at follow-up visits. Table  1 
shows baseline characteristics of study population. Patients 
with poor muscle strength were significantly older with 
increased disability and poor nutritional status compared 
with those with normal muscle strength (Table 1). Patients 
with low muscle strength at admission and at 6-week 
and 6-month follow-up had significantly poor cognitive 
function, quality of life and increased depression symp-
toms compared with those with normal muscle strength 

(Table  2). SF-36 Quality of life multi-item scores were 
significantly better in patients with normal muscle strength 
compared with those with low strength (Table 3). Table 4 
summarizes results of the multiple regression analysis for 
the association between age, gender, disability, comorbid-
ity including severity of acute illness (tissue inflammation), 
body mass index and handgrip strength on AMT, GDS and 
SF-36. The analysis revealed significant and independent 
association between handgrip strength and AMT, GDS and 
SF-36. However, gender, disability and chronic illness were 
primarily associated with depression symptoms and quality 
of life. Tissue inflammation was also associated with AMT 
and GDS. Furthermore, patients with low muscle strength 
at admission to hospital had poorer cognitive function and 
quality of life scores and higher depression symptoms com-
pared with those with normal muscle strength throughout 
the study period (p = 0.047, p = 0.256, p = 0.087, respec-
tively) (Figs. 1, 2, 3).

Discussion

In this study, we found poor muscle strength in older 
patients is associated with poor cognitive state and qual-
ity of life and increased depression symptoms during both 
acute illness and recovery. Because all patients with severe 
medical and psychiatric illnesses or living in an institution 

Table 1  Baseline characteristics of subjects with low handgrip-
muscle strength compared with those with normal handgrip-muscle 
strength, mean (SD), unless stated otherwise

N number of patients

Variable Low mus-
cle strength 
(n = 341)

Normal muscle 
strength 
(n = 91)

p value

Age (years) 77.5 (6) 77 (6) 0.000
Gender, female, n (%) 190 (56) 15 (17) 0.000
Smoking, n (%)
 Never smoked 111 (33) 24 (26) 0.900
 Ex-smoker 160 (47) 56 (62)
 Current smoker 70 (20) 11(12)

Chronic disease/patient, 
(n)

2 1.6 0.078

Drugs/patient, (n) 3.6 1.6 0.052
Barthel score 15.3 (4.8) 16.1 (4.6) 0.000
Body mass index 24.7 (4) 26.8 (3) 0.000
Triceps skinfold thick-

ness
15.7 (7) 15.3 (6) 0.585

C-reactive protein, mg/L 53 (73) 49 (72) 0.687
Haemoglobin, g/dL 12.6 (2) 13.4 (2) 0.001
Albumin, g/L 37.5 (5) 39.2 (4) 0.002
Transferrin, g/L 2.17 (0.53) 2.11 (0.41) 0.379
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Table 2  Cognitive state, depression symptoms and quality of life for study patients with low handgrip-muscle strength compared with those 
with normal handgrip-muscle strength at admission and at 6-week and 6-month follow-up, mean (SD)

AMT abbreviated mental test (maximum score is 10. A score of 6 or less indicates cognitive deficit), GDS Geriatric Depression score (0–4 no 
depression; 5–10 mild depression; ≥11 severe depression), SF-36 quality of life general health survey [measured on a 0 to 100+ (good health)]
*p (Kruskal–Wallis analysis of variance) <0.05

Baseline 6 Weeks 6 Months

Low muscle 
strength

Normal muscle 
strength

Low muscle strength Normal muscle 
strength

Low muscle strength Normal 
muscle 
strength

No. of subjects 341 91 144 55 162 58
AMT 9.23 (1) 9.66 (0.8)* 9.39 (0.9) 9.72 (0.6)* 9.37 (1) 9.70 (0.6)*
GDS 5.41 (4) 3.98 (3)* 5.2 (4) 3.0 (3.7)* 4.99 (3.5) 2.98 (2.8)
SF-36 77 (21) 87 (20) * 78 (25) 94 (20)* 84 (20) 100 (21)*

Table 3  Quality of life (SF-36 domains) scores for study patients with low handgrip-muscle strength compared with those with normal hand-
grip-muscle strength at admission and at 6-week and 6-month follow-up, mean (SD)

*p (two tailed) <0.05 for multivariate analysis after adjusting for age, gender, disability, chronic illness and inflammation

SF-36 domain Baseline 6 Weeks 6 Months

Low mus-
cle strength 
(n = 308)

Normal muscle 
strength (n = 80)

Low mus-
cle strength 
(n = 140)

Normal muscle 
strength (n = 53)

Low mus-
cle strength 
(n = 158)

Normal muscle 
strength (n = 53)

SF-36 physical function 27 (27) 41 (29)* 28 (26) 53 (31)* 29 (24) 58 (30)*
SF-36 physical role limitation 19 (32) 17 (31) 16 (30) 36 (40) 29 (36) 49 (39)
SF-36 mental role limitation 42 (45) 51 (44)* 46 (46) 61 (45) 51 (43) 66 (37)
SF-36 social function 45 (33) 59 (27)* 48 (32) 67 (29)* 54 (28) 79 (24)*
SF-36 mental function 63 (21) 70 (18) 64 (21) 72 (18) 65 (19) 78 (14)*
SF-36 energy vitality 36 (23) 47 (23)* 37 (20) 48 (23) 42 (21) 59 (20)*
SF-36 bodily pain 40 (31) 46 (28) 47 (30) 68 (29) * 52 (28) 74 (21)*
SF-36 health perception 43 (23) 48 (22)* 42 (21) 50 (23) 47 (22) 56 (20)
SF-36 change in health 32 (23) 38 (19) 35 (26) 42 (24) 42 (30) 60 (23)*

Table 4  Multiple regression result of age, gender, disability, comorbidity, body mass index and severity of acute illness on AMT, GDS and 
SF-36 on admission

Bold values indicate p < 0.05
CRP C-reactive protein (measure of inflammation)

Abbreviated mental test score (AMT) Geriatric depression score (GDS) Quality of life scores (SF-36)

Regression coefficient (95% 
CI)

p value Regression coefficient (95% 
CI)

p value Regression coefficient (95% 
CI)

p value

Age (years) −0.014 (−0.03 to −0.002) 0.078 −0.03 (−0.096 to 0.029) 0.294 0.202 (−0.16 to 0.57) 0.279
Gender 0.081 (−0.16 to 0.33) 0.531 −1.09 (−2.08 to −0.118) 0.028 6 (0.4 to 11.7) 0.036
Barthel score 0.018 (−0.01 to 0.04) 0.126 −0.14 (−0.24 to −0.05) 0.003 0.76 (0.23 to 1.29) 0.005
Chronic illnesses 0.012 (−0.20 to 0.41) 0.707 −0.95 (−0.16 to 0.35) 0.462 −1.97 (−3.4 to −0.52) 0.008
Body mass index 0.017 (−0.05 to 0.074) 0.154 −0.11 (−0.19 to −0.02) 0.020 0.32 (−0.20 to 0.85) 0.230
CRP (mg/L) 0.001 (0.00 to 0.003) 0.041 −0.01 (−0.014 to −0.003) 0.005 0.03 (−0.01 to 0.06) 0.144
Handgrip-mus-

cle strength 
(kg)

0.013 (0.00 to 0.026) 0.043 −0.09 (−0.14 to −0.034) 0.001 0.6 (0.30 to 0.89) 0.000
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were excluded from the study, those excluded were more 
likely to have low muscle strength and this might have, 
therefore, underestimated the prevalence of poor mental 
health in this cohort.

Well-recognized determinants of poor muscle strength 
in older patients during both acute illness and after recov-
ery include age, gender, chronic diseases, disability and tis-
sue inflammation [17]. We have adjusted for most of these 
poor prognostic indicators and it was possible, therefore, 
to identify a potential independent association between 
poor muscle strength on patient’s mental health and qual-
ity of life. In addition, all patients with severe medical and 

psychiatric illnesses such as liver, gastrointestinal, kidney 
or neoplasm were excluded from this study.

Grip strength is now an important marker of sarcopenia 
and been proposed as a useful single marker of general-
ized frailty and biological ageing [18]. Although a num-
ber of studies have identified a relationship between poor 
muscle strength and clinical outcome very few studies have 
addressed its impact on mental health. Furthermore, most 
of these studies were either cross-sectional or involved 
older people in the community. For example, a cross-sec-
tional study on community-dwelling men and women aged 
59–73 years showed that lower handgrip strength is associ-
ated with poor health-related quality of life [19]. Another 
cross-sectional analysis of 3025 women aged 75 years and 
over reported no significant association between different 
operative definitions of sarcopenia and cognitive impair-
ment [12]. A recent prospective study from Japan investi-
gated the relationship between baseline handgrip strength 
and the risk of depressive symptoms in community-based 
individuals aged 40–79  years with 1-year follow-up 
reported a significant association between lower handgrip 
strength and depressive symptoms [20]. To our knowledge, 
our study is the first to examine the relationship between 
handgrip strength and cognitive function, depression symp-
toms and quality of life in older people during both acute 
illness and recovery period.

A relationship between changes in body composition 
and mental health parameters in older people has been 
proposed, specifically, a common underlying pathophysi-
ological mechanism linking changes in lean and fat mass 
with cognitive decline; however, supporting data are 
still lacking [21]. For example, age-related low-grade 
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inflammation and increased oxidative stress have been 
postulated as mechanisms linking low muscle mass and 
sarcopenia with cognitive impairment and higher depres-
sive symptoms [6]. A cross-sectional study on 672 
women aged 65 and older reported an independent asso-
ciation between oxidative protein damage and low grip 
strength suggesting an involvement of increased oxida-
tive stress in loss of muscle strength in older people [22]. 
Another recent cross-sectional survey reported an asso-
ciation between C-reactive protein a marker of inflam-
mation and low handgrip strength in men and women 
aged 65–74  years [23]. Finding a plausible underlying 
mechanism linking muscle function with mental health is 
clearly an area for future research.

Muscle function tests represent the newest approach for 
evaluating nutritional status and include measuring grip 
strength [24]. Change in physical activity and body com-
position deserves special attention in older people with 
poor muscle function following acute illness. First, because 
acutely ill older patients particularly those with poor mus-
cle strength are more likely to have premorbid decrease in 
physical activity and function and, therefore, poor mus-
cle strength. Their muscle strength is likely to deteriorate 
further as the result of the catabolism associated with the 
acute illness because of loss of lean body mass [3, 25]. This 
is compounded further by the demands of the prolonged 
rehabilitation period in some patients. Second, following 
acute illness older people tend to slow down and many will 
not regain their premorbid physical activity levels for some 
time after recovery from acute illness. This is clinically rel-
evant because physical activity is an important aspect of 
health and confers benefit on most risk factors of ageing 
including muscle function.

This study lacked information on premorbid and long-
term post-discharge dietary intake. Another important 
limitation is the number of exclusion at follow-up visits 
and inherent difficulties in measuring anthropometric and 
biochemical nutritional indices in ageing patients. The pur-
pose of assessing intra-observer’s differences on anthro-
pometeric measurements, the longitudinal design of the 
study and the use of a number of analyses to adjust for poor 
prognostic clinical indicators was to overcome some of 
these weaknesses.

In conclusion, this study shows that poor muscle strength 
is associated with poor cognitive state and quality of life 
and increased depression symptoms in hospitalized older 
patients over a 6-month period. Research combining human 
clinical trials with molecular and cellular investigations is 
needed to fully understand the relationship between muscle 
and mental functions and also explore the role of optimiz-
ing dietary intake including protein and increase physical 
activity particularly following acute illness on muscle and 
mental functions in ageing patients.
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