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Key summary points
Aim  The aim of this study was to describe the prevalence and associated factors of sarcopenia in community-dwelling older 
adults attending a day hospital service in Ireland, using the latest European Working Group of Sarcopenia in Older People 
(EWGSOP) guidelines.
Findings  The prevalence of sarcopenia in older adults attending a day hospital service in Ireland was 27–37% and varied 
depending on the strength test used. Sarcopenia was associated with older age, female gender, reduced BMI, reduced calf 
circumference, frailty, malnutrition, and reduced gait speed, irrespective of how muscle strength was assessed.
Message  Further consideration on the assessment of sarcopenia needs to be considered, regarding the use of muscle strength 
assessment, whether to assess upper limb, lower limb, or both.

Abstract
Purpose  Sarcopenia is a muscle disease that is linked to the effects of ageing, chronic diseases, physical inactivity, and poor 
nutrition. In Ireland, there is a lack of readily available information on sarcopenia in older adults. The aim of this study was 
to describe the prevalence and associated factors of sarcopenia in community-dwelling older adults attending a day hospital 
service in Ireland, using the European Working Group of Sarcopenia in Older People (EWGSOP) guidelines.
Methods  An observational cross-sectional study was conducted, where a consecutive series of older adults attending a 
day hospital service were invited to participate. The measure of primary interest was the diagnosis of sarcopenia using the 
EWGSOP 2019 guidelines. We also collected other Comprehensive Geriatric Assessment measures including cognition, 
nutrition, frailty and physical activity.
Results  A total of 134 participants took part in the study. The mean age was 81.7 (SD ± 7.1). Sixty-one percent (N = 82) 
were female. The prevalence of sarcopenia ranged from 27 to 37% depending on the assessment tool used to assess muscle 
strength. Sarcopenia was associated with older age, frailty, reduced nutritional state, poor physical performance and reduced 
anthropometric measures, irrespective of how muscle strength was measured. Independently associated factors differed 
depending on muscle strength test, except for older age.
Conclusion  The prevalence of sarcopenia in the day hospital ranged from 27 to 37%. The assessment tool used to assess 
muscle strength influenced both the prevalence and associated factors of sarcopenia, suggesting scope for further research.
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Introduction

Sarcopenia has been defined as a progressive and general-
ised skeletal muscle disorder that occurs in advanced ageing 
and results in reduced muscle mass, reduced muscle strength 
and poor muscle function [1]. Sarcopenia is associated with 
increased mortality, disability, risk of falls and increased 
cost of care during hospital admissions [1–4]. The main fac-
tors related to the development of sarcopenia include the 
effects of ageing, poor nutrition, physical inactivity, and the 
presence of chronic diseases [5]. However, associations may 
be influenced by different sarcopenia operationalisations.

Several groups have published definitions and diagnostic 
procedures for sarcopenia, including the European Working 
Group of Sarcopenia for Older People (EWGSOP). In 2019, 
EWGSOP updated their definition of sarcopenia (EWG-
SOP2) [6], and the change in definition placed a greater 
emphasis on the importance of muscle strength due to its 
stronger relationship with adverse outcomes. For example, 
Dos Santos et al. [7] showed that loss of muscle strength 
had an increased risk of losing physical independence com-
pared to a loss of muscle mass in community-dwelling older 
adults. EWGSOP2 are the only criteria to define sarcopenia 
as reduced muscle strength and mass, while physical perfor-
mance is used to define the severity of sarcopenia [6].

Ireland has experienced an increase in the number of 
older adults (aged > 65 years) in the last decade; and the 
Central Statistics Office (CSO) has predicted that, by 2030, 
one in five Irish people will be over the age of 65 [8]. With 
an increasing ageing population, the prevalence of sarco-
penia is likely to increase, leading to further demands on 
healthcare systems. Currently, the prevalence of sarcopenia 
in Irish studies ranges from 30 to 41% but these studies have 
focused on specific population groups including those with 
advanced oesophageal cancer, limiting our understanding 
of sarcopenia prevalence in older adults in Ireland [9]. In 
community-dwelling older adults, the prevalence of sarco-
penia is widely debated, ranging from 0 to 50% [10].

The early identification of sarcopenia is important for 
preventing its adverse outcomes in older adults [5]. One 
essential component of the model of care of older adults in 
Ireland is the day hospital service [11]. This service provides 
rapid access medical and nursing care as well as interdisci-
plinary and ambulatory care services [12]. Those attending 
a day hospital receive medical care and multi-disciplinary 
intervention, due to a change or decline in their health or 
function. To date, there is no information regarding the prev-
alence of sarcopenia in community-dwelling older adults 
attending a day hospital service in Ireland. Identifying the 
prevalence of sarcopenia in this group would enable more 
comprehensive and timely management of sarcopenia.

Aim

The aim of this study was to establish the prevalence and 
associated factors of sarcopenia in community-dwelling 
older adults attending a day hospital service in Ireland.

Methods

A consecutive series of older adults attending the Rob-
ert Mayne Day Hospital (RMDH) in St James’s Hospital 
(SJH) Dublin, Ireland were invited to take part in the study 
between October 2019 and March 2020. Ethical approval 
was granted by the Hospital Research Ethics Commit-
tee (2019-10-39). The study was designed and reported in 
accordance with the ‘Strengthening the reporting of Obser-
vational Studies in Epidemiology’ (STROBE) guidelines. 
The clinical nurse managers (CNMs), RMDH consultants 
and medical registrars acted as gatekeepers for the study. 
The gatekeepers screened patients in accordance with the 
study’s inclusion and exclusion criteria to determine eligi-
bility for participation. All suitable patients were provided 
with a study patient information leaflet (PIL). Older adults 
(> 65 years of age), living in the community, who could sit 
to stand independently (with or without an aid/appliance), 
provide informed consent, understand simple instructions to 
allow the completion of assessments and could manipulate a 
wrist strap physical accelerometer were invited to participate 
in the study. Individuals who were medically unstable had 
a contraindication to Bio-Impedance Analysis (BIA) (e.g. 
pacemaker, implantable cardioverter device, amputation), 
who had a Clinical Frailty Scale (CFS) of 9 or greater or life 
expectancy < 3 months or who were currently or previously 
undergoing cancer treatment (chemotherapy or radiotherapy) 
in the last year were excluded. The latter exclusion crite-
rion was implemented to limit the effect of cancer-related 
cachexia on sarcopenia prevalence.

All potential participants were given at least one week to 
consider participation in the study before providing informed 
consent. All assessments (which lasted between 30–60 min) 
took place in the physiotherapy gym of the RMDH by the 
principal researcher to avoid inter-rater bias. Demographic 
information was collected using the participants’ medical 
chart and electronically using the hospital electronic patient 
record system (EPR). Demographic information included 
participants’ age, gender, social deprivation index, past 
medical history, comorbidity status (> 6 conditions), polyp-
harmacy (> 6 medications), living status, presence of home 
care package, use of meals on wheels service, falls in the 
last year, hospitalisation in the last year and prescription of 
vitamin D supplements. The Modified Cumulative Illness 
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Rating Scale (m-CIRS) [13] was recorded and the scoring 
system developed by Salvi et al. [14] was implemented. The 
m-CIRS was used to assess the severity of comorbidities 
in this study. The m-CIRS grades comorbidities among 13 
different organ systems and grades each condition from 0 
(no problem) to 4 (severely incapacitating or life-threatening 
conditions) [14]. A higher m-CIRS score is indicative of 
higher disease burden/severity.

The primary research measure in our study was the pres-
ence of sarcopenia and category of sarcopenia using the 
EWGSOP2 criteria [6]. In the EWGSOP2 criteria, sarco-
penia was defined as the presence of low muscle strength 
and low muscle mass. Probable sarcopenia was defined as 
reduced muscle strength only (normal muscle mass). Severe 
sarcopenia was defined as the presence of sarcopenia in 
combination with reduced physical performance.

Muscle strength was assessed using both handheld 
grip strength (reduced grip strength =  < 27 kg for men 
and < 16 kg for women) and the Five Times Sit to Stand 
Test (5-STS) (reduced 5STS time =  < 15 s). Hand-held grip 
strength assessment procedure was standardised using Rob-
erts et al.’s [15] recommendations and the strongest meas-
urement from 6 tests (× 3 right and × 3 left) was used. The 
5-STS test assessment was standardised using the Short 
Physical Performance Battery (SPPB) instructions [16].

Muscle mass was assessed using Appendicular Skel-
etal Mass (ASM) adjusted for height using raw data from 
BIA (Bodystat Quadscan 4000 Touch) and validated 
predictive equations [17, 18]. The Sergi et al. [17] equa-
tion predicts ASM from − 3.964 + (height [cm]2/resist-
ance × 0.227) + (0.095 × body weight [kg]) + (1.384 × sex 
[men = 1, women = 0]) + (0.064 × reactance). The Scafoglieri 
et  al. [18] equation predicts ASM from 4.957 + (height 
[cm]2/resistance × 0.196) + (0.060 × body weight [kg]) 
− (2.554 × sex [men = 0, women = 1]). The cut-offs used to 
define low muscle mass were set at ASM < 7 kg/m2 for men 
and < 6 kg/m2 for women. All participants were positioned 
supine on a plinth for the assessment and 4 electrodes were 
placed on each participant’s right side (× 2 dorsal aspect of 
the right hand and × 2 on the dorsal aspect of right foot). 
Fluid intake and bladder voiding were not controlled for in 
this study.

Physical performance was measured using the SPPB 
(< 8/12) and/or the Timed Up and Go Test (TUG) (> 20 s) 
using instructions from Herman et al. [19]; the cut-offs were 
as suggested in the EWGSOP2 criteria [6].

Secondary measures included blood markers, anthro-
pometric measures, risk of sarcopenia, cognition, frailty, 
physical activity, and nutritional status. The most recent 
blood markers were used for haemoglobin (Hb), vitamin D 
(25-OH-Vitamin D) and C-reactive protein (CRP). All values 
for blood markers were obtained from the EPR system or the 

medical chart. Anthropometric measures included height, 
weight, body mass index (BMI) and calf circumference.

An individuals’ risk of sarcopenia was assessed using the 
SARC-F questionnaire (Strength, Assistance with walking, 
Rise from a chair, Climb stairs and Falls), where a score 
of > 4 was indicative of risk. Nutritional status was assessed 
using the modified Mini Nutritional Assessment- Short 
Form (MNA-SF). An individual is classified as malnour-
ished with scores of < 7, risk of malnutrition if 8–11 and 
well-nourished/normal if scores > 12 [20].

Cognition was assessed using the Quick Mild Cognitive 
Impairment Screen (QMCI). The components of the QMCI 
include orientation (/10), word registration (/5), clock draw-
ing (/15), delayed recall (/20), verbal fluency (/20) and logi-
cal memory (/30) [21]. These areas are scored differently, 
with a total QMCI score of 100, with < 62/100 being predic-
tive of mild cognitive impairment (MCI) or dementia [21].

Frailty was assessed using the CFS and the SHARE 
Frailty Instrument (SFI). The SFI is based on a modified 
phenotypic approach and includes two web-based frailty 
calculators for each gender [22]. Both calculators are 
freely accessible on http://www.biome​dcent​ral.com/ 1471-
2318/10/57/additional. Each participant’s SFI scores were 
inputted into the calculators to determine frailty status [22].

Physical activity levels were measured using the Interna-
tional Physical Activity Questionnaire for Elderly (IPAQ-E). 
The IPAQ-E was scored using the IPAQ scoring protocol 
[23] (https​://www.sites​.googl​e.com/site/theip​aq/home). 
When scoring the questionnaire, metabolic equivalents 
(METS) per week were calculated for walking and moder-
ate and vigorous physical activity (PA), while time spent 
sitting per week (min) was also documented. For walking, 
MET 3.3 was used; and for moderate and vigorous activity, 
METS 4.0 and 8.0 were used as per scoring protocol [23]. 
An individual was classified as having low PA levels if their 
weekly METS fell below 600 a week, moderate PA levels 
were classified as METS of 601–2999 a week, while high PA 
levels were classified as > 3000 METS a week [23].

Statistical analysis

Sample size was based upon the attendance record of the 
RMDH over 12 months (approx. 5030 patients), and Con-
roy’s [24] sample size guide for prevalence studies, account-
ing for 5% loss to follow up and estimating a prevalence of 
approximately 50%. The sample size estimate for the study 
was 180 participants. Microsoft Excel and SPSS v26 (IBM 
Corp) were used for data analysis. Pearson’s R (normally 
distributed variables) and Spearman’s Rho correlation 
coefficient (non-parametric) tests were used to assess the 
strength of correlation between variables. A correlation coef-
ficient ≥ 0.6 was considered strong, between 0.3 and 0.59 

http://www.biomedcentral.com/
https://www.sites.google.com/site/theipaq/home
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moderate, and < 0.3 mild. Bivariate analyses were conducted 
using four different tests, depending on the type of vari-
able and the distribution of the said variable. For normally 
distributed, continuous variables, independent T tests were 
used to compare sarcopenia groups. For non-parametric 
continuous variables, the Mann–Whitney U test was used. 
Pearson’s Chi-square test was used to determine associations 
between dichotomous variables and sarcopenia presence; Phi 
value was determined using SPSS and was used to assess the 
effect size of the relationship. The linear-by-linear associa-
tion (trend) test was used to determine associations between 
sarcopenia presence and ordinal scales (3–6 categories); the 
Cramer value was determined using SPSS and was used to 
assess the effect size of the relationship. Multivariate logis-
tic regression analysis, using the Peduzzi rule, was used to 
determine independent predictors of sarcopenia [25]. To 
be determined statistically significant, the p value was set 
at < 0.05.

Results

Profile of study participants

A total of 134 participants were recruited for the study 
(Fig. 1). They had a mean age of 81.7 (SD 7.1), with a range 
from 65 to 98. Sixty-one percent (N = 82) were women. A 
summary of their demographic information is shown in 
Table 1. The median m-CIRS was 9/56 [interquartile range 
(IQR) 5]. The median BMI was 25.7 (IQR 7), 31% (N = 42) 
were classified as overweight and nearly one quarter had 
obesity (23%, N = 32).

Just over one-third of participants were prescribed a vita-
min D supplement (N = 46, 34%), with just over half of the 
participants having normal serum vitamin D levels (N = 76, 
57%). The remaining 29% (N = 39) had low vitamin D levels, 
15% (n = 20) had vitamin D insufficiency and 14% (N = 19) 
had vitamin D deficiency. Vitamin D values were missing for 
16% (N = 19). Using the World Health Organisation (WHO) 
anaemia definition (serum haemoglobin level < 13 g/dL 
in men and < 12 g/dL in women), the prevalence of anae-
mia was 40% (N = 54), with 54% (n = 28) of men and 32% 
(N = 26) of women being defined as anaemic.

Only 46% (N = 61) of participants were regarded as ‘at 
risk’ for developing sarcopenia (> 4) using the SARC-F. 
The median QMCI score was 50.8 (IQR 22.5), indicating 
MCI (< 62/100). The prevalence of MCI was 27% (N = 36), 
with 34% (N = 46) of participants categorised as having 
normal cognition. The median CFS score was 4 (IQR 2), 
ranging from 1–7. For the SFI (N = 133), the median score 
was 2.43 (IQR 2.34). Using the SFI, 50% (N = 67) of par-
ticipants were classified as frail, while 29% (N = 38) were 
regarded as pre-frail, with the remaining 21% (N = 28) being 

non-frail. Forty percent of participants (N = 53) had a normal 
nutritional state, while 46% (N = 61) were identified as ‘At 
risk’ of malnutrition with 14% (N = 19) highlighted as being 
‘Malnourished’. Using the IPAQ-E, 51% (N = 68) were clas-
sified as being in the low physical activity (PA) category, 
with 35% (N = 47) being in the moderate PA category and 
only 14% (N = 19) in the vigorous PA category. The median 
time for sitting of 360 min (IQR 197.5) per day equated to 
6 h per day.

Grip strength ranged from 2 to 48 kg with the median 
ranging from 16 to 19 kg (IQR 10–12) across the six tri-
als. The gait speed time (3 m distance measured as a part 
SPPB) ranged from 1.6 to 12.5 s (median 4.1 s IQR 2.2 s). 
The best TUG time was a median 13.9 s (IQR 10.9 s). Only 
73 participants could complete the 5-STS test, due to the 
inability of 59 participants to perform one STS with upper 
limb support. As per the SPPB scoring criteria, an individ-
ual must be able to complete one STS without upper limb 
support before being able to start the 5-STS test. From the 
5-STS scores, only 27% (N = 36) participants in the study 
had normal lower limb (LL) strength as per the EWGSOP2 
criteria (5-STS < 15 s). Using the SPPB, 59% (N = 79) of 
participants had poor physical performance (SPPB < 8), in 
comparison to the TUG, which identified only 27% (N = 36) 
as having poor physical performance.

Sarcopenia prevalence and associated Factors

When using grip strength to categorise muscle strength, 27% 
(N = 35) of participants were sarcopenic and 95% (N = 28) 
of those who were sarcopenic had severe sarcopenia. In 
comparison, when using LL strength (5-STS) to categorise 
muscle strength, 37% (N = 49) were sarcopenic and of those 
sarcopenic, 84% (N = 41) had severe sarcopenia. A break-
down of the two criteria can be seen in Table 2. Sarcopenia 
classified using grip strength is referred to as sarcopenia 
(grip) while sarcopenia classified using LL strength (5-STS) 
is referred to as sarcopenia (LL). Sarcopenia (grip and LL) 
refers to both sarcopenia (grip) and sarcopenia (LL).

When sarcopenia was determined as present or absent 
(sarcopenia vs normal), the two criteria [sarcopenia (grip) 
and sarcopenia (LL)] agreed strongly (κ = 0.62). However, 
the strength of the agreement decreased to a moderate level, 
using all four categories of the EWGSOP2 criteria (normal, 
probable sarcopenia, sarcopenia, and severe sarcopenia) 
(κ  = 0.53). There was a mild-moderate correlation between 
the SARC-F findings and the classification of participants 
using all categories of the EWGSOP2 criteria (Spearman 
Rho: 0.2–0.3; p < 0.05). However, there was no correlation 
between the SARC-F and the classification of participants as 
sarcopenic or normal (p = 0.152, 0.197). When diagnosing 
sarcopenia, two calculations of ASM were used, the Scaf and 
Sergi equations, to define low muscle mass. Using the Scaf 
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equation, 47% (N = 62) of participants had low muscle mass 
using BIA. Using the Sergi equation, 48% (N = 63) of par-
ticipants had low muscle mass using BIA. An agreement on 
low muscle mass classification, between the two equations, 
was established at 83% (N = 111) of cases. The two equa-
tions were highly correlated (Pearson correlation = 0.911, 
Spearman correlation = 0.909, p = 0.001).

The common associated factors of sarcopenia (grip) 
and sarcopenia (LL) can be seen in Table 3. Sarcopenia 
(grip) and Sarcopenia (LL) were both associated with 
older age and reduced Hb levels. There were significant 
differences between the sarcopenia (grip) group and 

non-sarcopenic group in relation to age (T test: − 4.997, 
p < 0.001) and Hb levels (Z = − 2.914, p = 0.04). Sarco-
penia (LL) was also associated with older age (T test: 
− 4.356, p < 0.001) and reduced Hb levels (Z = − 2.601, 
p = 0.009). Sarcopenia (grip and LL) was mildly associ-
ated with female gender (Phi 0.23–0.25) (Pearson Chi 
square = 6.9–8.2, p = 0.004–0.008) and a history of osteo-
porosis or osteopenia (Chi square 6.7–6.8, p = 0.009, Phi 
0.23). Sarcopenia (grip and LL) was associated with a 
reduction in various anthropometric measures including 
height, weight, body mass index (BMI) and calf circum-
ference (CC) (p < 0.05). Sarcopenia (Grip and LL) was 

Fig. 1   Flow of participants in 
the study (N = 134). *The num-
ber of attendances to the RMDH 
from October 2019 to March 
2020 was 1813, this number 
was determined by calculating 
the number of patients booked 
in for the day hospital each day. 
The study was conducted in a 
busy day hospital clinical envi-
ronment where the gatekeep-
ers who were members of the 
clinical team were also asked to 
screen for eligible study partici-
pants. The specific reasons for 
exclusion were not recorded but 
would have included age, exces-
sive frailty, and severe cognitive 
impairment
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also associated with reduced LL strength/5-STS time, 
reduced gait speed, reduced grip strength and poor physi-
cal performance (as measured by the SPPB < 8) (p < 0.05). 
Sarcopenia (grip and LL) was also associated with the 
reduced nutritional state using both the Mann–Whitney U 
test and linear by linear association test (p < 0.05). Frailty, 
as measured using the SFI, was associated with sarco-
penia (grip and LL) using the linear by linear associa-
tion test (p < 0.05; Cramer = 0.21–0.26) and Chi-square 
test (p < 0.05; Phi 0.18-0.19), while an increased CFS 
was associated with sarcopenia (grip and LL) (p < 0.05). 
Only sarcopenia (grip) was associated with a history of 
chronic kidney disease (CKD) (Chi square: 4.86 p = 0.027 
Phi 0.19) and hospitalisation in the last 12 months (Chi 
square: 4.37 p = 0.037, Phi 0.18). Only sarcopenia (LL) 
was associated with time to complete TUG (Z = − 2.667, 
p = 0.008), total SPPB score (Z = − 2.7, p = 0.007), falls 
in last year (Chi square: 6.75, p = 0.009, Phi = 0.23) 

and cognition (normal vs impaired) (Chi square: 4.92 
p = 0.027, Phi 0.19).

Factors independently associated with sarcopenia

Post bivariate analysis, a total of 33 individual variables 
were found to be significantly associated with sarcope-
nia (grip) (p < 0.05) while 37 individual variables were 
associated with sarcopenia (LL) (p < 0.05). Some of these 
variables overlapped between binary and ordinal outcomes 
of the same questionnaires/scales (i.e. CFS). Accounting 
for this, there were 16 unique variables associated with 
sarcopenia (grip) and 19 unique variables associated with 
sarcopenia (LL). Due to the differences between sarcope-
nia (grip) and sarcopenia (LL), regression models were 
developed for each, separately.

For both regression models, age and gender were 
included. Age was not strongly correlated with any vari-
able, therefore its inclusion in the equation would not have 
inflated any significant findings. To prevent multi-collin-
earity, body mass measures such as BMI, CC and height 
were not inputted due to their strong correlations with all 
muscle mass variables (R ≥ 0.6). Grip strength was not 
strongly correlated with any physical performance meas-
ure or LL strength, which enabled the inclusion of other 
strength and physical performance measures to sarcope-
nia (grip) regression models. LL strength (5-STS time) 
was strongly associated (R > 0.06) with all other physical 
performance measures except grip strength (R < 0.6), so 
only grip strength was included in the regression models 
for sarcopenia (LL).

For sarcopenia (grip), the regression model included age, 
gender, vitamin D supplement (yes or no), SPPB score, mod-
ified MNA-SF total, CFS, history of CKD (yes or no), and a 
history of osteopenia or osteoporosis (yes or no) (Table 4). 
The regression model identified older age (p = 0.001), female 
gender (p = 0.04) and a history of CKD (p = 0.034) as inde-
pendently associated with sarcopenia (grip). The regression 
model performed moderately well with an area under the 
curve (AUC) of 0.85 (95% confidence interval 0.79–0.92) 
and a Nagelkerke R square (R2) of 0.42 with a correct clas-
sification as sarcopenic or not sarcopenic in 80% of cases.

For sarcopenia (LL), the regression model included age, 
gender, best grip strength measurement, modified MNA-SF 
classification (normal or reduced), CFS, QMCI classification 
(normal or impaired) and Hb levels (Table 5). The regression 
model identified older age (p = 0.004) and reduced nutri-
tional state (p = 0.024) as independent predictors of sarcope-
nia (LL). The regression model performed moderately well 
with an AUC of 0.83 (95% confidence interval 0.76–0.91) 
and a Nagelkerke R square (R2) of 0.35 with a correct clas-
sification as sarcopenic or not sarcopenic in 76% of cases.

Table 1   Description of the study participants (N = 134)

HCP home care package, MOW meals on wheels
a Social deprivation index source: maps.pobal.ie/WebApps/Depriva-
tionIndices/index.html

Variable N (%)

Age years, mean (SD)
 Range 65–98 81.7 (7.1)

Gender
 Men
 Women

52 (39)
82 (61)

Living status
 Lived alone
 Lived with someone

60 (45)
74 (55)

Supports
 HCP
 MOW

20 (15)
9 (6.7)

Reason for referral to RMDH
 Outpatients
 Recent inpatient stay
 GP referral
 Recent attendance at ED

79 (59)
42 (31)
3 (2)
10 (8)

Social deprivation index living areaa

 ‘Marginally below average’
 ‘Marginally above average’’
 ‘Disadvantaged/very disadvantaged’
 ‘Affluent/very affluent’

54 (40)
40 (30)
14 (10)
26 (20)

Comorbidities > 6 82 (61)
Comorbidity details
 Rheumatology
 Lung disease
 Cancer history
 Osteoporosis/osteopenia
 Chronic kidney disease

12 (9)
41 (31)
32 (24)
41 (31)
23 (17)

Polypharmacy
 > 6 medications 85 (64)
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Discussion

The prevalence of sarcopenia in community-dwelling 
older adults attending a day hospital service in this study 
was 27–37% using the EWGSOP2 criteria. Of those who 
were sarcopenic, high proportions were classified as having 
severe sarcopenia [95% of those in sarcopenia (grip) and 
84% of those in sarcopenia (LL)]. Sarcopenia (grip and LL) 
was associated with older age, female gender, a history of 
osteoporosis/osteopenia, reduced Hb levels, reduced muscle 
strength, reduced muscle mass, poor physical performance 
(SPPB < 8), reduced gait speed, reduced nutritional state, 
frailty and reduced anthropometric measures (including 
calf circumference and BMI). Sarcopenia (grip and LL) was 
independently associated with older age, while sarcopenia 
(grip) was independently associated with being female and 
having a history of CKD. In comparison, sarcopenia (LL) 
was independently associated with the decreased nutritional 
state (modified MNA-SF).

The prevalence found in our study was similar to that of 
the Newcastle 85 + study [26], where the prevalence of sar-
copenia using the EWGSOP1 criteria and grip strength was 
found to be 21% (N = 149). In Spain, in a geriatric outpatient 
setting, the prevalence of sarcopenia was established at 19% 
using EWGSOP1 [27]; in that study, the median age was 
83.2, which is similar to our day hospital group, with similar 

proportions of men and women. In Reiss et al. [28], with 
a sample of 144 older inpatients, the EWGSOP1 criteria 
yielded a prevalence rate of 28% compared to 18% (EWG-
SOP2). In our study, the LL strength assessment identified 
more individuals as sarcopenic compared to grip strength. 
Sobestiansky et al. [29] established a similar prevalence rate 
to our findings when using the EWGSOP1 (21%) and EWG-
SOP2 (20%) in 287 healthy community-dwelling older men 
85–89. The participants were more closely related to the 
day hospital population in our study as 34% had impaired 
LL strength, average gait speed was 1.36 m/s and mean grip 
strength was 30 kg [29], although men were slightly older 
(mean age 86.6). The prevalence was higher in our study and 
could be attributed to the muscle mass measurement (DXA 
vs BIA) and higher levels of impaired cognition in our popu-
lation. Sobestiansky et al. [29] reported a mean MMSE score 
of 28 indicating a particularly good cognitive baseline for 
the participants compared to the higher percentage of cogni-
tive impairment found in the day hospital group in this study.

The prevalence of probable sarcopenia (reduced mus-
cle strength only) was 23% using grip strength and 33% 
using LL strength. This prevalence was much higher than 
Dodds et al. [29], when using the EWGSOP2 criteria and 
grip strength. Dodds et al. [30] established a prevalence of 
probable sarcopenia of only 5.3% in the UK Biobank data-
set (N = 499,096). Of those with probable sarcopenia, only 

Table 2   Prevalence of sarcopenia (grip) and sarcopenia (LL)

*p < 0.05
a Severe sarcopenia is the percentage of those who have sarcopenia, not of total number of participants

Sarcopenia categories Prevalence % (N)

Sarcopenia (grip) Sarcopenia (LL)

Normal 51% (68) 29% (38)
Probable sarcopenia 23% (30) 33% (44)
Sarcopenia 27% (35) 37% (49)
Severe sarcopeniaa 21% (28)a 31% (41)a

Total 133 131

Sarcopenia categories Prevalence % (N) and gender breakdown

Sarcopenia (grip) p Sarcopenia (LL) p

Men Women Men Women

Normal 55% (28) 49% (40) 0.1 28% (14) 30% (24) 0.1
Probable Sarcopenia 31% (16) 17% (14) 50% (25) 24% (19)
Sarcopenia 14% (7) 34% (28) 22% (11) 47% (38)

Sarcopenia (binary) Prevalence% (N) and gender breakdown

Sarcopenia (grip) p Sarcopenia (LL) p

Men Women Men Women

Normal 86% (44) 65% (53) 0.008* 78% (39) 53% (43) 0.004*
Sarcopenia 14% (7) 35% (28) 22% (11) 47% (38)
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Table 3   Associated factors for sarcopenia (grip) and sarcopenia (LL)

Hb, haemoglobin; osteoporosis/osteopenia, history of osteoporosis or osteopenia; BMI, body mass index; CC, calf circumference; scaf ASM, 
scafoglieri appendicular skeletal mass; scaf ASM/H, scafoglieri appendicular skeletal mass adjusted by height; sergi ASM, sergi appendicular 
skeletal mass; sergi ASM/H, sergi appendicular skeletal mass adjusted by height; best grip, grip strength (highest score); LL strength (reduced 
or normal) , 5-STS > 15 s; SPPB (reduced or normal) , SPPB < 8; gait speed 1, 1ST gait speed trail; SFI, shared frailty instrument; CFS, clinical 
frailty scale; MNA-SF, modified Mini Nutritional Assessment short form
– Not applicable test for variable types
*p < 0.05

Sarcopenia (grip) Sarcopenia (LL)

Variable T test Mann Whitney U Chi square Linear-by-linear T test Mann Whitney U Chi square Linear-by-linear

Age 0.0001* – 0.0001* – 0.0001* – 0.001*
Hb – 0.004* – – – 0.009* – –
Height – 0.0001* – – – 0.004* – –
Weight – 0.0001* – – – 0.0001* – –
BMI – 0.0001* – 0.0001* – 0.0001* – 0.0001*
CC – 0.0001* – – – 0.0001* – –
Best grip – 0.0001* – – – 0.0001* – –
Scaf ASM – 0.0001* – – – 0.0001* – –
Scaf ASM/H 0.0001* – – – 0.0001* – – –
Sergi ASM – 0.0001* – – – 0.0001* – –
Sergi ASM/H – 0.0001* – – – 0.0001* – –
Gender – – 0.008* – – – 0.004* –
Osteoporosis/osteo-

penia
– – 0.009* – – – 0.009* –

LL strength (normal or 
reduced)

– – 0.014* – – – 0.0001* –

SPPB (normal or 
reduced)

– – 0.015 – – – 0.001* –

SFI – – 0.04* 0.02* – – 0.03* 0.005*
Gait speed 1 – 0.046* – – – 0.009* – –
5STS time – 0.001* – – – 0.0001* – –
CFS – 0.02* – 0.023* – 0.036* – –
MNA-SF – 0.049* – 0.023* – 0.026* – 0.003*

Table 4   Multivariate binary 
logistic regression model for 
sarcopenia (grip)

age, gender, Hb haemoglobin levels, Current_VitD taking vitamin D supplement (yes or no), SPPB_Total 
short physical performance battery score, MNASF_Total modified mini nutritional assessment short form 
total score, CFS CFS category, CKD history of chronic kidney disease, osteopenia osteoporosis history of 
osteopenia or osteoporosis, OR odds ratio, CI confidence interval, p significance level, B unstandardized 
coefficients, SE standard error
*p < 0.05

B SE p OR 95% CI for OR

Lower Upper

Age 0.16 0.05 0.001* 1.18 1.07 1.29
Gender 1.30 0.63 0.04* 3.67 1.06 12.73
Hb − 0.22 0.18 0.24 0.81 0.56 1.15
Current_VitD − 0.46 0.53 0.39 0.64 0.22 1.80
SPPB_Total 0.04 0.11 0.72 1.04 0.84 1.30
MNASF_Total − 0.14 0.09 0.11 0.87 0.73 1.03
CFS 0.16 0.23 0.50 1.17 0.74 1.85
CKD 1.36 0.64 0.034* 3.88 1.10 13.61
Osteopenia osteoporosis 0.81 0.53 0.13 2.24 0.80 6.33
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6.3% of this group had confirmed sarcopenia (N = 1673), 
which represents 0.3% in the entire data set. The low preva-
lence of probable sarcopenia may be attributed to the lack 
of LL strength assessment, low levels of comorbidities and 
low rate of falls. Of note, across the whole Biobank dataset, 
79.9% had no reported falls (N = 398,801) and only 21.4% 
(N = 106,507) had > 3 co-morbidities [30].

In our study, the female gender was found to be asso-
ciated with sarcopenia (Grip) and sarcopenia (LL) as well 
as being an independently associated factor of sarcopenia 
(grip). There have been inconsistent findings regarding the 
relationship between gender and sarcopenia [10, 31, 32]. 
It is important to note that the differences in how sarcope-
nia is diagnosed and various associated factors (PA, nutri-
tion, etc.) may influence the relationship between gender 
and sarcopenia. For example, in Kim and Wong [33], the 
5-STS test identified more women as sarcopenic, which may 
have been influenced by the high prevalence of OA in the 
female cohort compared to men. The presence of OA has 
been shown to weaken flexor and extensor muscles of the 
lower limbs [33]. In comparison to men, women had sig-
nificantly lower anthropometric measures (height, weight, 
BMI and CC), increased prevalence of osteoporosis/osteo-
penia, reduced grip strength, lower m-CIRS score, reduced 
nutritional state and increased sitting times in this study 
(p < 0.05). The association between the female gender and 
sarcopenia may be due to their lower BMI and the inability 
of BIA to distinguish between intra-muscular fat and muscle 
itself in those with higher BMI (i.e. men).

The muscle mass index (ASM/height) may also have 
been limited in identifying men as sarcopenic as many 
would likely be defined as sarcopenic obesity given the 
increased BMIs. Adjusting muscle mass by BMI has ena-
bled the FNIH criteria to identify those with slower gait 
speed, increased functional disability and higher BMI [34, 

35]. In Newman et al. [36], using the Health ABC study 
participants (N = 2984) the adjustment of ASM by height 
(using DXA) identified 9% of males and 0% of women as 
sarcopenic with a BMI > 25. When adjusting ASM by fat 
mass, sarcopenia prevalence increased to 15–22% in men 
and 12–21% in women for the overweight and obese groups 
[36]. In Newman et al. [36], sarcopenia was only associated 
with LL function when defined with ASM adjusted by height 
and body fat but not height. Further research is warranted to 
determine the most accurate method to diagnose sarcopenia 
(height or BMI) adjusted; numerous studies have attempted 
to address this issue, but more large-scale studies are war-
ranted, especially in European populations.

The most interesting finding from our study was that 
both types of sarcopenia, defined by grip strength and LL 
strength, produced different associations and independently 
associated factors. In previous research, grip strength has 
been associated with increased risk of mortality, decrease 
in independence, LL strength, TUG, SPPB and falls [37, 
38]. In a similar older adult population, Yeung et al. [39] 
and McGrath [40], LL strength (knee extension) was found 
to have a higher association with health characteristics in 
comparison to handgrip strength while both strength meas-
ures were associated with a falls history, reduced gait speed, 
higher ADL dependence, depression and nutrition. In our 
study, grip strength was not strongly associated with any of 
the physical performance measure or 5-STS (R < 0.6). Grip 
strength was only moderately associated with all physical 
performance measurement and LL strength (R = 0.3–0.59).

Grip strength has been recommended as a surrogate 
measure of LL strength as it is highly correlated and grip 
strength and easier to measure in clinical practice [41]. Grip 
strength and LL strength have shared similar associations 
with physical performance measures in community-dwell-
ing populations, but the strength of the association can vary 

Table 5   Multivariate binary 
logistic regression model for 
sarcopenia (LL)

A variable(s) entered on step 1: age, gender, Best_Grip = best grip strength measurement, MNA_SF_
Binary = modified Mini Nutritional Assessment short form (normal or reduced), CFS = Clinical Frailty 
Scale 1–7, QMCI_Binary = Quick Mild Cognitive Impairment Screen (normal or reduced), Hb = haemo-
globin levels. OR = odds ratio, CI = confidence Interval, p = significance level, B = unstandardized coeffi-
cients, SE = standard error
*p < 0.05

B SE p OR 95% CI for OR

Lower Upper

Age 0.10 0.04 0.004* 1.11 1.03 1.19
Gender 0.24 0.62 0.70 1.27 0.38 4.31
Best_Grip − 0.07 0.04 0.11 0.93 0.86 1.02
MNA_SF_Binary 1.07 0.48 0.024* 2.92 1.15 7.42
CFS 0.01 0.18 0.96 1.01 0.71 1.43
QMCI_Binary 0.73 0.49 0.14 2.07 0.79 5.44
Hb − 0.18 0.15 0.22 0.84 0.63 1.12
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[39]. Fragala et al. [42] identified both LL strength (isoki-
netic) and grip strength as predictors of slow gait, with LL 
strength a slightly stronger association compared to grip 
strength in two large datasets. Fragala et al. [42] found that 
LL strength was a better predictor of gait speed, compared to 
grip strength when a faster gait speed was reported (higher 
functioning). This indicates that the association between 
grip strength and gait speed was less when the population 
had a higher gait speed/performed at a higher function. In 
addition, Fragala et al. [42] highlighted that the relationship 
between grip strength and gait speed may be more attenuated 
in those with severe weakness. This finding has implications 
for clinical practice as it depicts that grip strength is not a 
suitable strength measurement for higher functioning older 
adults when predicting a relationship to adverse to func-
tional outcomes. It may be that grip strength may be more 
suitable assessment for older and less functional patients, 
where those younger and more functional will require a LL 
strength test.

Acknowledging the application of both grip strength and 
LL strength testing in a different population, Manini and 
Clark [43] developed an assessment algorithm for dynap-
enia (reduced muscle strength). In this algorithm, the use 
of grip strength was used to determine the need to assess 
LL strength. For example, if a person recorded a low grip 
strength measure, a LL test must be complete, if grip 
strength was normal, no further strength tests were required 
to be carried out. The authors argue the inclusion of both 
grip strength and LL strength, to be included, to out rule a 
cause of muscle strength being neurological vs. muscular 
in origin [43]. This process also ensures those with spe-
cific issues affecting grip strength or LL strength are not 
incorrectly classified as dynapenic (weak), considering grip 
strength is only a surrogate measure of overall strength [43]. 
Therefore, the inclusion of grip strength and LL strength 
may enable greater precision in the identification of those at 
risk of adverse outcomes and aid sarcopenia identification 
[38].

Ours is the first study to apply the EWGSOP2 criteria to 
older adults living in the community in an Irish day hospital 
setting. The findings highlight the feasibility of applying the 
EWGSOP2 screening process easily and safely in this set-
ting. Bias was minimised as much as possible, using a robust 
methodology and the use of standardised assessments and 
instructions. The study protocol was designed, with a key 
focus on reproducibility and transparency to enable future 
research to implement similar designs, to compare findings 
accurately.

Due to cross-sectional design of the study, no predictive 
factors of sarcopenia could be identified, only associations 
could be determined between sarcopenia and other factors. 

Another limitation was the failure to reach the planned sam-
ple size of 180. The final sample size of the study was 134 
and this was due to the need to cease clinical research activ-
ity in the RMDH due to the COVID-19 pandemic in early 
March 2020. There are several weaknesses associated with 
the assessment procedure adopted. For BIA analysis, partici-
pants did not follow a strict fluid restriction for 24 h prior 
to assessment or void bladder immediately prior. Given that 
BIA is influenced by fluid status, the lack of standardised 
procedure may have limited the accuracy of findings.

In conclusion, the method of strength testing influenced 
which variables were independently associated with sarco-
penia, potentially highlighting different pathophysiological 
changes between the two types of diagnosis for sarcopenia. 
To appropriately manage sarcopenia, a greater understand-
ing is required. Firstly, the assessment of sarcopenia needs 
be more consistent regarding the use of the EWGSOP2 
guidelines, the assessment of muscle strength (grip or 5-STS 
or both) and muscle mass assessment (BIA, DXA, MRI or 
perhaps ultrasound). In relation to muscle mass assessment, 
further research is required to determine the most appropri-
ate muscle mass index. The use of other assessment tools 
(e.g. ultrasound) in the clinical setting needs to be consid-
ered and validated against gold standards of muscle mass, 
such as MRI or CT. Routine assessment of sarcopenia would 
enable a greater understanding of the factors that influence 
it (i.e. falls or hospitalisation) and the changes in sarcopenia 
after hospitalisation or acute illness. In the meantime, the 
results of the present study underscore the clinical relevance 
of the assessment of sarcopenia in the geriatric day hospital 
setting, and it is recommended that beyond research stud-
ies, the routine clinical assessment of sarcopenia in this set-
ting is incorporated as part of existing and future healthcare 
policies to improve outcomes from potentially remediable 
conditions in the older population.
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