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Abstract 

Background: Identification of patients at risk of prolonged hospital stay allows staff to target appropriate timely interventions, provide informed prognosis and manage healthcare resources effectively. Admission grip strength is associated with discharge outcomes in acute hospital settings.

Objective: To explore the relationship between grip strength and length of stay in older people admitted for rehabilitation.

Design: Single centre prospective cohort study

Setting: Community hospital rehabilitation ward

Subjects: 101 patients aged 70 years and over 

Methods: Baseline data on age, height, weight, BMI, co-morbidities, medication, usual residence, grip strength, physical function (Barthel score) and cognitive function (Mini Mental State Examination), frailty (Strawbridge Frailty Questionnaire), and number of falls in the last year. Participants’ discharge destination and length of stay were recorded.

Results: Higher grip strength was associated with reduced length of stay, characterised by an increased likelihood of discharge to usual residence among male rehabilitation in-patients (HR 1.30 [95% CI 1.00, 1.70] per kilo increase in grip strength, p=0.05) after adjustment for age, size and Barthel score.  

Conclusions: Grip strength was associated with length of stay among older male patients in a community hospital rehabilitation ward.  Further research is needed into the clinical applications of grip strength measurement in rehabilitation settings.
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Key points:

· This is the first prospective study to demonstrate that admission grip strength is associated with length of stay in a rehabilitation ward 

· Early identification of patients at risk of adverse outcomes of hospital care allows timely and focused interventions

· Grip strength measurement is simple, cheap and acceptable to older patients

Running heading: grip strength & rehabilitation length of stay 

Introduction

The identification of patients at risk of prolonged hospital stay is a key objective of comprehensive geriatric assessment (1) and allows staff to target appropriate timely interventions, provide informed prognosis and manage healthcare resources effectively. Several screening instruments for prediction of functional adverse outcomes of hospitalised patients have been trialled, mainly with acute admissions and in the emergency department, but they tend to be complex, time-consuming and with insufficient validity (2) for routine clinical practice. The main components of these instruments which are associated with poor outcomes include older age, worse cognitive and physical function 


(3) ADDIN REFMGR.CITE  and depression (4).  

Low grip strength in middle-aged and older community dwelling adults is associated with subsequent onset of functional limitations 


(5) ADDIN REFMGR.CITE , disability (6), cognitive decline (7),  co-morbidities such as coronary heart disease  and stroke 


(8) ADDIN REFMGR.CITE  


(9) ADDIN REFMGR.CITE ,  and increased all-cause mortality rates (10). In the acute hospital setting lower admission grip strength was associated with decreased likelihood of discharge home among older acutely ill medical patients (11) and patients hospitalised with pneumonia(12).  Lower grip strength has also been shown to be associated with longer length of stay among surgical 


(13) ADDIN REFMGR.CITE  and cancer patients 


(14) ADDIN REFMGR.CITE  in acute settings, but it is unknown whether a similar association exists in rehabilitation settings. This study aimed to prospectively investigate the relationship between grip strength and length of stay in older people admitted for rehabilitation. 

Methods

Patients aged 70 years and over who were admitted to the rehabilitation ward of a community hospital were prospectively consecutively recruited within one week of admission [15]. They were admitted for mobilisation after an acute medical illness, surgery or fracture. Patients who were unable to provide consent, had difficulties holding the dynamometer, or were terminally ill, were excluded. After obtaining written informed consent, baseline data on age, weight, body mass index (BMI), current co-morbidities, medication and usual residence were abstracted from the clinical records, and forearm length was measured to estimate height (16). Grip strength was measured three times in each hand with a Jamar dynamometer (Lafayette Instrument Company, USA) using a standard protocol 


(17) ADDIN REFMGR.CITE  with the highest score used to characterise maximum grip strength. Questionnaires on physical function (Barthel score) (18), cognitive function (Mini Mental State Examination) (19), frailty (Strawbridge Frailty Questionnaire) (20), and the number of falls in the last year were administered. At discharge participants’ destination and length of stay was recorded. The study received full approval from the local research ethics committee.  

Statistical methods

Data were double entered and analysed using Stata, version 11. Men and women were analysed separately throughout. Baseline characteristics, discharge destination and length of stay were described using means and standard deviations (SD), medians and inter-quartile ranges (IQR), and frequency and percentage distributions. Cross-sectional associations between grip strength and other baseline characteristics were explored using regression analysis and analysis of variance (ANOVA). Weight and height were positively correlated (Pearson’s correlation coefficient for men r=0.27, p=0.12; women r=0.42, p=0.001); to avoid multi-colinearity problems in subsequent adjusted survival analysis models, a standardised residual of weight adjusted for height was derived. Length of stay until discharge to usual residence was censored for 26% of the study participants because of discharge to a new care home (17%), a hospital transfer (8%), or death (1%). Accordingly, Cox’s proportional hazard’s models (which account for censoring of observations) were used to explore the associations between baseline characteristics and likelihood of discharge to usual residence. Firstly, univariate analyses were conducted for each baseline characteristic in turn in relation to discharge to usual residence. Secondly, analyses were repeated with adjustment for age and size (characteristics recognized a priori as important correlates of grip strength). Thirdly, analyses were repeated with adjustment for age, size and additionally those characteristics most strongly associated with grip strength in cross-sectional analyses of the baseline data (as these may have the potential to confound any association between grip strength and likelihood of discharge to usual residence).  

Results

101 participants were recruited from 161 consecutive admissions between February and December 2008. 60 patients (mean age 84.6 years) were not included for the following reasons: 12 too unwell; 12 severely confused; 4 refused; 11 discharged or transferred before review; 21 could not be seen by the researcher within one week of admission. The median delay between admission and data collection was 4 days (IQR 2-6, range 1-7) and participants were all assessed in the morning, on the ward and on their own. 

The participants comprised 37 men (mean age 82.6 years, range 73.0 to 92.6) and 64 women (mean age 84.9 years, range 70.3 to 99.4).  Participants’ baseline characteristics are described in Table 1.  The median length of stay was 26 days (range 2 to 98 days) and 74.3% of participants were discharged to their usual residence. There was no statistically significant gender difference in the pattern of discharge, although with a hazard ratio for discharge to usual residence of 0.91 (95% confidence interval (CI) 0.38, 2.15, p=0.82) for women compared with men, women were 9% less likely to be discharged to their usual residence than men.  

Table 2 shows the associations between discharge to usual residence and baseline variables among the male participants in unadjusted and adjusted analyses. In univariate unadjusted analyses, the number of co-morbidities was significantly (p<0.05) associated with likelihood of discharge to usual residence: each additional co-morbidity was associated with a 66% reduction in the likelihood of discharge to usual residence (hazard ratio 0.34, 95% CI 0.15, 0.80, p=0.01). A one kilogram increase in grip strength was associated with a 7% greater likelihood of discharge to usual residence but this was not statistically significant (hazard ratio per kilo increase in grip strength, 1.07, 95% CI 0.95, 1.20, p=0.26).   

Table 2 shows that adjustment for age, height and weight-for-height strengthened the association between grip strength and discharge to usual residence (hazard ratio 1.18, 95% CI 0.99, 1.42, p=0.07) but attenuated the association between the number of co-morbidities and discharge to usual residence (hazard ratio for discharge to usual residence per extra co-morbidity 0.45, 95% CI 0.18, 1.15, p=0.10). Cross-sectional analyses showed that grip strength was associated with weight-for-height (p=0.001) and Barthel score (p=0.01) among men. Additional adjustment for Barthel score further strengthened the association between grip strength and discharge to usual residence such that a one kilogram increase in grip strength was associated with a 30% increase in likelihood of discharge to usual residence (hazard ratio of 1.30, 95% CI 1.00, 1.70, p=0.05). The association between co-morbidities and discharge to usual residence was little altered by additional adjustment for Barthel score. 

Finally, mutually adjusted associations between discharge to usual residence, grip strength and co-morbidities were explored among men, after adjustment for age, height, weight-for-height and Barthel score. Higher grip strength remained significantly associated with an increased likelihood of discharge to usual residence (hazard ratio 1.36, 95% CI 1.00, 1.84, p=0.05) while the association between the number of co-morbidities and discharge to usual residence remained sizeable (hazard ratio 0.27, 95% CI 0.06, 1.20) but not statistically significant at the 5% level (p=0.09). 

Table 3 shows the associations between discharge to usual residence and baseline variables among the female participants. In univariate analyses, only height was associated with discharge to usual residence (hazard ratio 1.14 per cm increase in height 95% CI 1.01,1.29, p=0.04). Cross-sectional analyses showed that grip strength was associated with age (p=0.03), height (p=0.07), Barthel score (p<0.001) and MMSE (p<0.001) among women. However, table 3 shows that none of grip strength, co-morbidities, medications, MMSE, frailty or falls were associated with discharge to usual residence after adjustment for age and size, or after adjustment for age, size, Barthel and MMSE.   

Discussion

This is the first prospective study to demonstrate that higher grip strength is associated with reduced length of stay among older male patients in a community hospital rehabilitation ward. One previous retrospective study of younger rehabilitation in-patients with a mean age of 58 years similarly found a correlation between admission grip strength and length of stay [20]. Our findings are consistent with those from studies conducted in acute hospital settings among medical, surgical and cancer patients, where low grip strength has been associated with longer lengths of stay and also increased complication rates 


(21) ADDIN REFMGR.CITE  as well as mortality rates (22).  Only one participant died in this study, so it was not possible to evaluate the association between grip strength and mortality. Two studies have reported an association between grip strength and mortality among men only, and two other studies have found this association with women but not men (23). 

The association between grip strength and length of stay may be explained by the relationships between grip strength and functional status [24], nutritional status 


(25) ADDIN REFMGR.CITE  and frailty (26) . Length of stay is also subject to external influences such as the availability of health and social care, as well as personal choice. However, these are not related to grip strength and so the effect of these external influences would have been to reduce the likelihood of detecting an association between grip strength and discharge home. Importantly grip strength is attractive for use in clinical practice because it is both simple to perform and acceptable to patients 


(27) ADDIN REFMGR.CITE  [28]. 

There are a number of limitations to our study. It included patients admitted for rehabilitation from one locality and all participants were Caucasian. Further research is therefore required to assess the generalisability of the findings to other populations. The exclusion of patients who were too unwell or confused to consent to take part in the study may have excluded some with lower grip strength, whilst those excluded because they were discharged too quickly may have had higher grip strength. However the patients excluded were of a similar age to those who took part in the study and the study was designed to minimise selection bias through a single researcher screening all admissions. Furthermore the single assessor measured grip strength using a standard protocol with a calibrated dynamometer which was regularly reassessed for accuracy. 

In conclusion, higher grip strength was associated with reduced length of stay among older male patients in a community hospital rehabilitation ward.  This is the first prospective study to demonstrate this association in a rehabilitation setting. The reason for the gender difference is unclear and has not been reported previously. Further research is needed into the clinical applications of grip strength in other healthcare settings.
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Table.1 Participants’ Characteristics and Discharge Destination

	Mean (SD)a; Median (IQR)b ; Number (%)c
	Male 

(N=37)
	Female

 (N=64)

	Age (years) a 
	82.6 (5.6)
	84.9 (6.2)

	Height (cm) a
	170.9 (3.5)
	157.9 (4.0)

	Weight (kg) a
	70.1 (11.9)
	57.9 (15.7)

	Maximum grip (kg) a 
	21.7 (7.7)
	13.6 (5.0)

	Barthel score b 
	62 (31, 78)
	69.5 (48, 83)

	Number of co-morbidities b 
	4 (3, 5)
	4 (3, 5)

	Number of medications b 
	8 (7, 10)
	8 (6, 11)

	MMSE b 
	24 (21, 26)
	25 (20, 27)

	Frail on Strawbridge score c 
	20 (57)
	30 (50)

	Falls in past year c :  

    None;  One;  Two or more
	8 (22); 11 (31); 17 (47)
	16 (25); 19 (30);  28 (45)

	Discharge Destination
	
	

	Usual residence c 
	29 (78.4)
	46 (71.9)

	New care home c 
	5 (13.5)
	12 (18.8)

	Hospital transfer c 
	3 (8.1)
	5 (7.8)

	Death c 
	0 (0.0)
	1 (1.6)


N: number; SD: standard deviation; cm: centimetres; kg: kilogram; IQR: inter-quartile range;

MMSE: mini mental state examination; %: percentage.

Table.2 Univariate Associations between Baseline Variables and Discharge to Usual Residence for Male Participants

	
	Univariate analysesa
	Adjusted for age & sizeb 
	Adjusted for age, size and Barthelc

	MEN (n=37)
	HR
	(95%CI)
	p
	HR
	(95%CI)
	p
	HR
	(95%CI)
	p

	Age (years)
	1.01
	(0.87,1.17)
	0.87
	
	
	
	
	
	

	Height (cm)
	1.02
	(0.78,1.33)
	0.89
	
	
	
	
	
	

	Weight for height (SD score)
	1.03
	(0.95,1.11)
	0.47
	
	
	
	
	
	

	Barthel score
	0.99
	(0.96,1.02)
	0.68
	1.00
	(0.96,1.04)
	0.92
	
	
	

	Maximum grip (kg)
	1.07
	(0.95,1.20)
	0.26
	1.18
	(0.99,1.42)
	0.07
	1.30
	(1.00,1.70)
	0.05

	Co-morbidities (number)
	0.34
	(0.15,0.80)
	0.01
	0.45
	(0.18,1.15)
	0.10
	0.41
	(0.14,1.18)
	0.10

	Medications (number)
	0.84
	(0.65,1.08)
	0.18
	0.88
	(0.62,1.24)
	0.45
	0.87
	(0.62,1.23)
	0.44

	MMSE
	1.00
	(0.89,1.13)
	0.97
	1.06
	(0.88,1.27)
	0.55
	1.07
	(0.86,1.33)
	0.54

	Strawbridge frailty
	2.04
	(0.39,10.58)
	0.40
	1.14
	(0.12,11.27)
	0.91
	1.06
	(0.10,11.74)
	0.96

	Falls in last year (number) 
	0.51
	(0.21,1.24)
	0.14
	0.51
	(0.14,1.84)
	0.30
	0.48
	(0.12,1.91)
	0.30


HR: hazard ratio; CI:confidence interval; %: percentage; p: p-value; cm: centimetres; SD: standard deviation; kg: kilogram; MMSE: mini mental state examination.

P-values for association estimated using Cox’s proportional hazards models. 

a Univariate unadjusted associations between discharge to usual residence and each characteristic in the table in turn 

b Associations between discharge to usual residence and each characteristic in the table in turn after adjustment for age, height and weight-for-height

cAssociations between discharge to usual residence and each characteristic in the table in turn after adjustment for age, height, weight-for-height and Barthel score 

Table  3. Univariate Associations between Baseline Variables and Discharge to Usual Residence for Female Participants

	
	Univariate analysesa
	Adjusted for age & sizeb 
	Adjusted for age, size,  

Barthel and MMSEc

	WOMEN  (n=64)
	HR
	(95%CI)
	p
	HR
	(95%CI)
	p
	HR
	(95%CI)
	p

	Age (years)
	0.94
	(0.87,1.02)
	0.12
	
	
	
	
	
	

	Height (cm)
	1.14
	(1.01,1.29)
	0.04
	
	
	
	
	
	

	Weight for height (SD score)
	1.01
	(0.98,1.05)
	0.44
	
	
	
	
	
	

	Barthel score
	0.99
	(0.97,1.01)
	0.34
	0.99
	(0.97,1.01)
	0.19
	0.99
	(0.97,1.01)
	0.32

	Maximum grip (kg)
	0.99
	(0.90,1.09)
	0.85
	0.95
	(0.85,1.06)
	0.35
	0.99
	(0.85,1.15)
	0.93

	Co-morbidities (number)
	0.94
	(0.68,1.29)
	0.71
	0.95
	(0.71,1.29)
	0.76
	0.96
	(0.71,1.30)
	0.78

	Medications (number)
	0.98
	(0.84,1.15)
	0.84
	0.95
	(0.82,1.11)
	0.54
	0.95
	(0.81,1.11)
	0.51

	MMSE
	0.99
	(0.92,1.07)
	0.82
	0.96
	(0.87,1.04)
	0.31
	0.98
	(0.89,1.08)
	0.64

	Strawbridge frailty
	1.88
	(0.59,5.92)
	0.28
	1.67
	(0.51,5.42)
	0.40
	1.54
	(0.47,4.98)
	0.47

	Falls in last year (number) 
	1.03
	(0.49,2.18)
	0.94
	1.13
	(0.54,2.39)
	0.75
	1.05
	(0.48,2.29)
	0.90


HR: hazard ratio; CI:confidence interval; %: percentage; p: p-value; cm: centimetres; SD: standard deviation; kg: kilogram; MMSE: mini mental state examination.

P-values for association estimated using Cox’s proportional hazards models. 

a Univariate unadjusted associations between discharge to usual residence and each characteristic in the table in turn 

b Associations between discharge to usual residence and each characteristic in the table in turn after adjustment for age, height and weight-for-height

cAssociations between discharge to usual residence and each characteristic in the table in turn after adjustment for age, height, weight-for-height and Barthel score and MMSE
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