
ABSTRACT 

Objective: Sarcopenia, a geriatric syndrome, is an indicator of poor prognosis in elderly inpatients. In this 
study, we aimed to determine the effect of sarcopenia on mortality in elderly patients.

Materials and Methods: Mobile/immobile geriatric inpatients, treated in the internal medicine ward between 
February and November 2018, were included in the study between Days 2 and 7 of hospitalization. The pa-
tients’ fat-free mass (FFM) was measured by bioimpedance. The FFM index (FFMI) (kg/m2) was determined 
by dividing fat-free mass by body surface area (FFM/BSA). Sarcopenia was defined as a FFMI value at least 
two standard deviations below the gender-specific mean of normal young adults.

Results: The study included 200 geriatric inpatients; 96 (48.0%) were men, and the mean age was 74.49±6.32 
years. Sarcopenia was detected in 28 (14%) of the patients. Diabetes mellitus was associated with a signifi-
cantly lower sarcopenia prevalence (p=0.006). The risk of sarcopenia was 9.046 times higher in malnour-
ished patients. The sarcopenia group had more deaths (p=0.012).

Conclusion: Sarcopenia in geriatric inpatients increased the length of hospital stay and mortality. Our find-
ings may guide future studies examining the relationship between sarcopenia and mortality among elderly 
inpatients in other hospitals. 
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Introduction
Sarcopenia is a geriatric syndrome that reduces the quality of life, leads to fragility, and increas-
es functional dependence and mortality [1, 2].Sarcopenia was first described by Irwing Rosen-
berg as age-related loss of muscle mass. The Sarcopenia European Working Group (EWG-
SOP), established in 2010, defined sarcopenia as low muscle function (in terms of strength 
or performance) and muscle mass [1] . The incidence of sarcopenia increases with age [3]. 
However, studies have reported varying prevalence rates due to a lack of standard diagnostic 
criteria and differences in sample populations and methods used to assess the muscle mass, 
strength, and physical performance. In the literature, the reported prevalence of sarcopenia 
in elderly adults is 5%-45% [4-6]. Sarcopenia is one of the indicators of poor prognosis among 
elderly inpatients [7]. Studies on the prevalence of sarcopenia in inpatients demonstrated that 
the impact of requiring hospitalization, the stress of inpatient treatment, and low calorie intake 
while in hospital contributed to reduced protein synthesis in the muscles and lower muscle 
mass and strength [8].

There has been limited research on sarcopenia among elderly inpatients in Turkey. Therefore, we 
aimed to investigate the effect of sarcopenia on mortality in elderly Turkish inpatients.

Materials and Methods
Mobile/immobile geriatric patients hospitalized and treated in the internal medicine ward of our 
hospital in the February-October 2018 period were included in our study. Patients aged <65 
years, those admitted for less than 24 hours, and those who did not sign the consent form were 
excluded from the study. Demographic data (gender, age, occupation, marital status, education 
level, number of children, place of residence, income, and habits such as smoking), medications 
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used, chronic diseases, indications for hospi-
tal admission, hospitalization time, and survival 
were recorded for all patients. Anthropometric 
measurements (weight, height, body mass index 
[BMI], calf and upper arm circumference, and 
muscle strength) were recorded at the time of 
admission. Hemoglobin (Hb); leukocyte, lym-
phocyte, and platelet counts; mean corpuscu-
lar volume (MCV); sodium (Na), chloride (Cl), 
potassium (K), prealbumin, albumin, blood urea 
nitrogen (BUN), creatinine, C-reactive protein 
(CRP), free triiodothyronine (fT3), free thyrox-
ine (fT4), thyroid-stimulating hormone (TSH), 
and 25-hydroxyvitamin D (vitamin D) levels at 
admission were also recorded. 

Sarcopenia screening was performed based on 
the 2010 EWGSOP consensus report. Muscle 
strength and fat-free mass (FFM) of the patients 
were measured using Takei TKK 5401 Digital 
Handgrip and QuadScan 4000 bioimpedance. 
Normal muscle strength was accepted as ≥20 
kg and ≥30 kg in women and men, respectively 
(1). Handgrip was measured three times using 
the dominant hand, and the highest value was 
recorded as muscle strength. The patients’ FFM 
was measured by bioimpedance. The DuBois 
formula (BSA = [kg0.425 x cm0.725] x 0.007184) 
was used to calculate body surface area (BSA). 
The FFM index (FFMI) (kg/m2) was determined 
by dividing FFM by BSA. FFM was compared to 
community-dwelling adults (50 men, 50 wom-
en) aged 18-45 years who had no disease and 
did not use any drugs. Sarcopenia was defined 
as having an FFMI value at least two standard 
deviations below the gender-specific mean of 
normal young adults [9]. The mean FFMI was 
17.70±2.16 in young women (median age 32 
[18-42] years) and 21.35±2.40 in young men 
(median age 33 [18-44] years). FFMI values 
<16.55 kg/m2 for men and <13.38 kg/m2 for 
women were considered low FFM. Because 
both mobile and immobile patients were in-
cluded in the study, a walking test could not 
be included in our assessments. Mini Nutrition 
Assessment (MNA) and Barthel index were 
used to evaluate malnutrition and daily living 
activities [10, 11]. The level of dependency was 
rated according to Barthel index scores as se-
vere (21-61), moderate (62-90), mild (91-99), 
or none (100). The 10 areas assessed include 
feeding, wheelchair/bed transfer, grooming, toi-
leting, walking, using a wheelchair, stair climb-
ing, dressing, bladder and bowel control, and 
bathing [11].The Barthel index was introduced 
in 1967, and it evaluates a total of 10 areas of 
activities of daily living and mobility [12]. Valid-
ity and reliability studies of the Turkish version 
were conducted in 2000 by Küçükdeveci et al. 
[13]. 

The Full MNA yields a score between 0 and 30. 
Individuals with a score of 24 or over is con-
sidered to have normal nutritional status (well-
nourished), scores of 17-23.5 indicate malnu-
trition risk, and individuals with scores under 
17 are considered malnourished. The MNA 
includes 18 items regarding general health sta-
tus, nutrition, anthropometrics, and patient self-
evaluation. These four sections include anthro-
pometric evaluation (BMI, weight, arm and calf 
circumference), general assessment (e.g., life-
style, medications, mobility, presence of depres-
sion and dementia), brief nutritional assessment 
(number of meals, diet, feeding autonomy), and 
subjective evaluation (self-perceptions of health 
and diet) [10]. BMI values <20 kg/m2 were clas-
sified as underweight, 20-24.99 kg/m2 as nor-
mal, 25-29.9 as overweight, and ≥30 as obese 
Executive summary of the clinical guidelines on 
the identification, evaluation, and treatment of 
overweight and obesity in adults [14]. Charlson 
comorbidity index (CCI) was used to assess the 
patients’ comorbidity status. Different weights 
are assigned for specific conditions, and the 

weights are added to find the index for a specific 
patient (e.g., a patient with depression, chronic 
obstructive pulmonary disease, and lymphoma 
would have a weight of ) [15]. 

This study was approved by the Erzurum Re-
gional Training and Research Hospital Eth-
ics Committee (ethics committee number 
2017/06-38).

Statistical Analysis
The data were analyzed using the The Statisti-
cal Package for the Social Sciences (SPSS) ver-
sion 21.0 (IBM Corp.; Armonk, NY, USA) sta-
tistical software package. The chi-squared test 
was used in comparisons of categorical data 
between the sarcopenia and nonsarcopenia 
groups, while the nonparametric Mann–Whit-
ney U test and Kruskal–Wallis test were used 
in comparisons of continuous data due to non-
normal distribution. To identify risk factors for 
sarcopenia, logistic regression was done using 
sex, age, occupation, nutritional status, diabe-
tes mellitus, place of residence, arm and calf 
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Table 1. Association between sarcopenia and demographic characteristics

Demographic Characteristics		  Sarcopenia 	 No Sarcopenia	 p

Median age (minimum–maximum)		  79 (66-90)	 73 (65-93)	 0.001

Sex, n (%)	 Female	 8 (7.7%)	 96 (92.3%)	 0.007

	 Male 	 20 (20.8%)	 76 (79.2%)	

Place of  residence, n (%)	 Rural	 20 (19.4%)	 83 (80.6%)	 0.023

	 Urban	 8 (8.2%)	 89 (91.8%)	

Education level n (%)	 Illiterate	 9 (32.1%)	 84 (48.8%)	 0.340

	 Literate	 9 (32.1%)	 29 (16.9%)	

	 Elementary school	 9 (32.1%)	 51 (29.7%)	

	 Middle school	 -	 3 (1.7%)	

	 High school	 1 (3.6%)	 3 (1.7%)	

	 University	 -	 2 (1.2%)	

Occupation n (%)	 Retired	 11 (39.3%)	 47 (27.3%)	 0.001

	 Farmer	 12 (42.9%)	 30 (17.4%)	

	 Homemaker	 5 (17.9%)	 90 (52.3%)	

	 Shopkeeper 	 -	 5 (2.9%)	

Smoking status, n (%)	 Never smoker	 19 (67.9%)	 123 (71.5%)	 0.738

	 Current smoker	 3 (10.7%)	 22 (12.8%)	

	 Former smoker	 6 (21.4%)	 27 (15.7%)	

Marital status n (%)	 Married	 14 (50%)	 114 (66.3%)	 0.096

	 Widowed 	 14 (50%)	 58 (33.7%)	

Children n (%)	 Yes 	 25 (100%)	 168 (97.7%)	 0.415

	 No 	 -	 4 (2.3%)	

Income level, n (%)	 Income < Expenses	 70 (85.4%)	 12 (14.6%)	 0.930

	 Income > Expenses	 23 (88.5%)	 3 (11.5%)	

	 Income = Expenses 	 79 (85.9%)	 13 (14.1%)	



circumference, BMI, albumin, and prealbumin 
(Model: Backward LR; Entry: 0.05 and Removal: 
0.10). The diagnostic value of prealbumin and 
albumin was determined using receiver operat-
ing characteristic (ROC) curve analysis. In sar-
copenic patients, cut-off values for albumin and 
prealbumin were determined by Youden index. 
The Kaplan–Meier analysis was conducted to 
determine whether sarcopenia is a risk factor 
affecting survival time. A p<0.05 was accepted 
as statistically significant.

Results
A total of 200 geriatric inpatients were included 
in the study. Of these, 104 (52.0%) were wom-
en, and the mean age was 74.49±6.32 years. 
Sarcopenia was detected in 28 patients (14%). 
Relationships between sarcopenia and selected 
demographic characteristics of the patients are 
presented in Table 1. The prevalence of sar-
copenia was significantly higher among males 
(p=0.007). In terms of the place of residence, 
sarcopenia was significantly more common 
among patients who lived in rural areas com-
pared to those living in urban centers (p=0.023). 
There was a significant association between sar-
copenia and occupation. This difference was 
found to be attributable to the differences be-
tween housewives and farmers and between 
housewives and retirees. Sarcopenia was sig-
nificantly less frequent among housewives when 
compared with farmers and retirees (p<0.001 
and p=0.007, respectively). Sarcopenia was not 
statistically associated with the education level, 
marital status, smoking status, presence of chil-
dren, or income level (p>0.05).

Sarcopenia was also not associated with func-
tional dependence as assessed by Barthel index. 
The mean Barthel index score was 85.05±19.86 
in patients without sarcopenia and 79.64±19.99 
in patients with sarcopenia. The mean MNA 
score was 16.19±5.30 in patients with sarcope-
nia and 20.70±4.26 in patients without sarcope-
nia (p<0.001). The prevalence of malnutrition 
was significantly higher in patients with sarcope-
nia (p=0.012). Sarcopenia was not associated 
with height (p=0.134). BMI, weight, and arm 
and calf circumferences were significantly lower 
in patients with sarcopenia compared to those 
without sarcopenia (p<0.001). The mean num-
ber of comorbidities was significantly lower in 
patients with sarcopenia (p=0.047). Diabetes 
mellitus was associated with a significantly lower 
sarcopenia prevalence (p=0.006). There was 
no statistically significant relationship between 
sarcopenia and hypertension, chronic kidney 
disease, malignancy, chronic heart failure, Par-
kinson’s disease, dementia, peripheral artery dis-
ease, diabetes mellitus, cerebrovascular disease, 

or coronary artery disease (p>0.05). Relation-
ships between comorbidities and sarcopenia 
were examined in Table 2.

Relationships between sarcopenia and the ana-
lyzed biomarkers are presented in Table 3. Al-
bumin and prealbumin levels were significantly 
lower in patients with sarcopenia (p=0.040 and 
p<0.001, respectively). No statistically significant 
relationships were detected between sarcope-
nia and hemoglobin, leukocyte count, lympho-
cyte count, platelet count, MCV, CRP, BUN, 
creatinine, Na, K, Cl, TSH, fT3, fT4, or vitamin 
D level (p>0.05).

A prealbumin cut-off value of 0.18 was identi-
fied for the diagnosis of sarcopenia. At this cut-
off value, prealbumin had a 44.8% sensitivity and 
89.2% specificity in the diagnosis of sarcopenia 
(area under the curve [AUC]: 0.700, 95% confi-
dence interval [CI]: 0.609-0.791; p=0.001). The 
cut-off value for albumin was determined to be 
3.49. At this cut-off value, albumin had 78.4% 
sensitivity and 46.4% specificity in the diagno-
sis of sarcopenia (AUC: 0.621, 95% CI: 0.500–
0.743; p=0.040).

Logistic regression was done using variables 
that differed significantly between patients 
with and without sarcopenia: sex, age, occupa-
tion, nutritional status, diabetes mellitus, place 
of residence, arm and calf circumference, BMI, 
albumin, and prealbumin. The risk of sarcope-
nia was 9.046 times higher in the presence of 
malnutrition (95% CI: 1.663-49.198; p=0.011), 
1.245 times higher with each additional year of 
age (95% CI: 1.097-1.413; p=0.001), and 6.002 
times higher after retirement (95% CI: 1.124-
32.048; p=0.036). 

The Kaplan–Meier analysis was used to as-
sess life expectancy between the sarcopenic 
and nonsarcopenic groups (Figure 1). More 
deaths were observed in the sarcopenia group 
(p=0.012). In-hospital mortality rate was 28.6% 
in patients with sarcopenia and 11.0% in patients 
without sarcopenia. Patients without sarcopenia 
survived significantly longer, with the mean sur-
vival time of 12.87 days (95% CI: 10.63–15.10 
days) in patients with sarcopenia and 37.82 days 
(95% CI; 30.76-44.88 days) in those without sar-
copenia (Kaplan–Meier p=0.001). The relation-
ship between mortality and sarcopenia is shown 
in Table 4. 
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Table 2. Association between sarcopenia and comorbidities

		  Sarcopenia	 No Sarcopenia	 p

Number of  comorbidities, mean±SD		  1.46±1.036	 1.99±1.296	 0.047

CCI, mean±SD		  4.46±1.68	 4.40±1.67	 0.806

Number of  medications, mean±SD		  2.46±2.39	 3.56±2.97	 0.085

Hypertension, n (%)	 Yes	 14 (16.3%)	 100 (87.7%)	 0.420

	 No	 14 (12.3%)	 72 (83.7%)	

Chronic kidney disease, n (%)	 Yes 	 -	 11 (100.0%)	 0.182

	 No 	 28 (14.8%)	 161 (85.2%)	

Malignancy, n (%)	 Yes 	 5 (20.0%)	 20 (80.0%)	 0.355

	 No	 23 (13.1%)	 152 (86.9%)	

Chronic heart failure, n (%)	 Yes	 4 (21.1%)	 15 (78.9%)	 0.265

	 No 	 24 (13.3%)	 157 (86.7%)	

Parkinson’s disease, n (%)	 Yes	 -	 1 (100.0%)	 0.686

	 No 	 28 (14.1%)	 171 (85.9%)	

Dementia, n (%)	 Yes	 1 (33.3%)	 2 (66.7%)	 0.331

	 No 	 27 (13.7%)	 170 (86.3%)	

Peripheral vascular disease, n (%)	 Yes 	 1 (100.0%)	 -	 0.140

	 No 	 27 (13.6%)	 172 (86.4%)	

Diabetes mellitus, n (%)	 Yes	 3 (4.5%)	 64 (95.5%)	 0.006

	 No 	 25 (18.8%)	 108 (81.2%)	

Cerebrovascular disease, n (%)	 Yes	 -	 2 (100.0%)	 0.566

	 No 	 28 (14.1%)	 170 (85.9%)	

Coronary artery disease, n (%)	 Yes	 3 (7.5%)	 37 (92.5%)	 0.185

	 No	 25 (15.6%)	 135 (84.4%)	



Discussion
There are few studies in the literature showing 
the prevalence of sarcopenia in elderly patients. 
In a Brazilian study in which sarcopenia screen-
ing was conducted in 110 elderly inpatients, 
the prevalence of sarcopenia was found to be 
21.8% [16]. In the United Arab Emirates, the 

prevalence of sarcopenia among 432 elderly in-
patients was 10%, like in our study [7]. A study 
in Italy that screened 394 elderly inpatients using 
the EWGSOP criteria determined a sarcopenia 
prevalence of 17.4% [17]. In another study in 
Brazil conducted with 68 elderly inpatients, the 
incidence of sarcopenia was found to be 22.1% 

[16]. In our study, the incidence of sarcopenia 
was 14.1%. The lower rate observed in this 
study compared to others may be attributable 
to our inability to assess the walking speed due 
to the inclusion of immobile patients.

Few studies in the literature have investigated 
the effect of sarcopenia on mortality. Landi et 
al. conducted a prospective study spanning 7 
years and showed that sarcopenia increased 
mortality 2.32-fold. screening according to EW-
GSOP criteria and reported that sarcopenia was 
associated with higher mortality in frail, com-
munity-dwelling elderly ≥80 years of age [18]. 
The InCHIANTI study showed that mortality 
was 1.88-fold higher in those with sarcopenia. 
increased mortality and prolonged hospital stay 
[19]. In the British Regional Heart Study, Atkins 
et al. reported that sarcopenia was a cause of 
cardiovascular mortality [20]. Studies conducted 
in Turkey have also associated sarcopenia with 
increased mortality among elderly nursing home 
residents [21] and intensive care patients [22] 
. Similarly, the patients with sarcopenia in our 
study had a higher mortality rate and longer 
mean hospital stay. 

One of the strengths of our study was that it 
was conducted using a definition specific to in-
patients. To the best of our knowledge, this is 
the first study using this definition. In addition, 
we are not aware of any previous studies docu-
menting the incidence of sarcopenia among el-
derly inpatients in Turkey. Therefore, our study 
is important as the first research to be conduct-
ed on this subject. However, this study has some 
limitations. First, some of the patients included 
in our study were immobile. Another limitation 
was measuring muscle mass using bioimpedance 
analysis. Hydration problems are a common 
metabolic problem among the elderly that can 
alter bioimpedance measurements and yield ar-
tificially high muscle mass values [23]. Another 
limiting factor was that the cause of death was 
not recorded for the patients, and only the as-
sociation between sarcopenia and mortality was 
investigated. 

In conclusion, in our study, it was found that 
sarcopenia in geriatric inpatients increased the 
length of hospital stay and mortality. Our find-
ings may guide future studies examining the 
relationship between sarcopenia and mortality 
among elderly inpatients in other hospitals.  

Ethics Committee Approval: Ethics committee ap-
proval was received for this study from the Ethics 
Committee of Erzurum Regional Training and Re-
search Hospital (ethics committee number 2017/06-
38).
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Table 4. Association between sarcopenia and mortality

	 Sarcopenia	 No Sarcopenia	 p

Deceased	 8 (29.6%)	 19 (70.4%)	 0.012

Survived	 20 (11.6%)	 153 (88.4%)	

Figure 1. Kaplan-Meier survival curves.

Table 3. Association between sarcopenia and biomarkers

	 Sarcopenia	 No Sarcopenia	 p

Hemoglobin (g/dL)	 12.3 (5.9-16.9)	 13.4 (5.8-23.0)	 0.116

Leukocyte count (109/L)	 8000 (2120-37900)	 8175 (1740-11236)	 0.378

Lymphocyte count (109/L)	 1395 (320-27700)	 1580 (380-10735)	 0.281

Thrombocyte count (109/L)	 212500 (80000-585000)	 240000 (18000-537000)	 0.384

MVC (fL)	 85.9 (70.7-94.7)	 86.4 (68.2-122.1)	 0.727

C-reactive protein (mg/L)	 1.76 (0.32-82.70)	 1.67 (4.80-44.10)	 0.692

BUN (mg/dL)	 21.8 (9.2-82.7)	 19.7 (4.8-101.5)	 0.187

Creatinine (mg/dL)	 0.91 (0.49-2.11)	 0.89 (0.54-13.17)	 0.447

Albumin (g/dL)	 3.64 (2.60-4.60)	 3.88 (2.19-5.52)	 0.040

Prealbumin	 0.13 (0.04-0.24)	 0.17 (0.03-0.38)	 0.001

Sodium (mmol/L)	 137 (130-144)	 138 (127-163)	 0.215

Potassium (mmol/L)	 4.31 (2.71-6.21)	 4.33 (2.35-6.66)	 0.377

Chloride (mmol/L)	 104 (88-113)	 106 (91-140)	 0.097

Thyroid stimulating hormone (µIU/Ml)	 0.86 (0.01-4.41)	 1.06 (0-11.83)	 0.491

Free T3 (pg/mL)	 2.05 (1.26-3.05)	 2.20 (1.00-4.40)	 0.406

Free T4 (ng/dL)	 1.10 (0.56-1.68)	 1.00 (0.62-2.02)	 0.058

Vitamin D (ng/mL)	 11.65 (4.00-70.90)	 11.20 (2.30-43.90)	 0.889

MCV: Mean corpuscular volume; BUN: Blood urea nitrogen



Informed Consent: Written informed consent was 
obtained from the patient who participated in this 
study.
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