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Introduction
The incidence of frailty and sarcopenia, both of which limit 
mobility, increases with age. The coexistence of frailty and 
sarcopenia in older patients is correlated with a higher incidence 
of recurrent hospitalizations, multiple drug therapies, and 
hospital admissions, increasing the risk for morbidity and 
mortality. Considering the rates of sarcopenia in the Middle 
East and European countries, frailty and sarcopenia rates were 
reported as 28.3% and 31.7%, respectively, in a study conducted 
with a large patient cohort in Turkey (1), and as 51.7% and 
34.4%, respectively, in a study conducted in Israel (2,3).  

Similarly, the frailty rate of geriatric patients in Saudi Arabia 
was reported as 29.2% (4), whereas the prevalence of sarcopenia 
was found to be 32.5% in a population-based multi-center 
study conducted in Iran (5). These rates were found to be 
lower in European countries. In a study evaluating frailty in 10 
European countries and another study evaluating sarcopenia 
in 28 European countries, frailty, and sarcopenia rates were 
found as 5.8-27.3% and 11.2-20.2%, respectively (6,7).

Sarcopenia is a condition associated with aging resulting in 
an involuntary loss of skeletal muscle mass, reducing skeletal 
muscle function and strength (8). In parallel, Rogers and Evans (9) 
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Abstract
Objective: The objective of this study was to evaluate the reliability and validity of the Turkish version of the study of osteoporotic fractures (SOF) 
index, and to investigate the prognostic power of the SOF index in predicting the risk for sarcopenia in the geriatric population.

Materials and Methods: The sample of this cross-sectional study consisted of 144 geriatric patients who applied to the outpatient clinic where this 
study was conducted between July 2017 to July 2018. The frailty status of patients was evaluated using the SOF index. The European Working Group 
on Sarcopenia in Older People diagnostic criteria were used in the diagnosis of sarcopenia. Accordingly, patients were divided into two groups as the 
sarcopenia and non-sarcopenia groups. Patients’ measurement results were recorded and comparatively analyzed between the groups.

Results: The rate of sarcopenia was significantly higher in patients who were determined to be frail based on SOF index than the remaining patients 
(93.2% vs. 61.5%, respectively; p<0.001). The kappa value was determined as 0.608 based on the qualitative data, in substantial agreement with 
Cohen’s Kappa coefficient, indicating reliability. The ROC analysis revealed that the sensitivity and specificity of SOF index cut-off value of 1 in 
determining sarcopenia were 76.4% and 55.6%, respectively. The validity of the SOF index with a cut-off value of 1 was found as 0.659 (validity 
values of >0.5 indicate statistical significance).

Conclusion: The study findings indicate that the SOF index is a feasible, valid and reliable tool, and it has a high positive prognostic value in 
predicting sarcopenia.
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reported that total muscle strength decreases by 30% and 
muscle mass decreases by 40% over the period between the 
second and seventh decades of life. Sarcopenia is considered 
one of the geriatric syndromes in addition to falls, delirium, 
and incontinence, which all negatively affect the quality of life 
(10,11). 

Frailty is a multifaceted syndrome characterized by clinical 
deficiencies such as mobility, strength, endurance, nutrition, 
physical activity, physiological reserve, cognitive impairment, and 
depression (12,13). Early diagnosis of frailty in older patients is 
important in terms of taking the necessary preventive measures 
and determining the appropriate treatment approaches. To this 
end, various simple screening tools have been developed. One of 
these tools, the study of osteoporotic fractures (SOF) index, was 
developed by the SOF research group in 2008 as a feasible, rapid 
diagnostic test for frailty (14). 

In this context, this study was conducted to assess the reliability 
and validity of the Turkish version of the SOF index in older 
patients (≥65 years) and to investigate the prognostic power 
of the SOF index in predicting the risk for sarcopenia in the 
geriatric population.

Materials and Methods

Population and Sample

The population of this cross-sectional study consisted of 
845 patients aged 65 or above who applied to the geriatric 
outpatient clinic where this study was conducted between July 
2017 to July 2018. In the G*Power program, we chose the test 
family as the chi-square test and the type of power analysis a 
priori, and when we took the effect size value as 0.3, the alpha 
margin of error as 0.05, the power of the study as 80%, and 
the Df value as 2, the minimum number of samples required 
for our study was 108. Patients with prosthesis or pacemaker 
that falsified bioelectrical impedance analysis (BIA), and those 
with advanced dementia, Parkinson’s disease, congestive heart 
failure, malignancy, rheumatologic disease, inflammatory bowel 
disease, and neuromuscular disease who could not perform 
the tests were excluded from the study. In the end, the study 
sample consisted of 144 patients. Patients were divided into 
two groups as the sarcopenia and non-sarcopenia groups. 
Each group consisted of 38 males and 34 females. Patients’ 
demographic and laboratory characteristics and anthropometric 
measurement results in addition to walking speed, hand grip 
strength, and fat-free mass index (FFMI) and SOF index scores 
were recorded and comparatively analyzed between the groups.

Diagnosis of Sarcopenia

The European Working Group on Sarcopenia in Older People 
diagnostic criteria were used in the diagnosis of sarcopenia. 
Accordingly, 72 (8.5%) of the 845 patients who were determined 

to have low muscle mass, along with low physical performance 
or low muscle strength, were diagnosed with sarcopenia (10). 

Muscle Mass

BIA was used to determine patients’ muscle mass (10). BIA 
was conducted using the Bodystat Quadscan 4000 brand 
bioimpedance device (Bodystat Ltd., Isle of Man, UK), while the 
patients were in the fasting state and their bladders were empty. 
They were in supine position, provided that their extremities were 
not in contact with their body, and after the metal accessories 
were removed from their bodies. To this end, a total of four 
electrodes, two at the level of the wrist and metacarpophalangeal 
joint in the upper extremity and two at the level of the ankle 
and metatarsophalangeal joint in the lower extremity, were 
connected to the patients. Subsequently, patients’ age, gender, 
height, weight, waist and hip circumference data and activity 
levels were entered into the bioimpedance device in a certain 
order. The device calculated the FFMI based on these data. The 
study conducted to determine the optimal FFMI cut-off value 
included 30 healthy males and 30 healthy females between 
20-40 years of age with normal body mass index (BMI) values. 
Consequently, the optimal FFMI cut-off value was determined 
as 13.4 kg/m2 for females and 17.1 kg/m2 for males, taking 
standard deviation of the mean FFMI value as “-2”. Similar to 
the literature, patients with less FFMI values were considered to 
have low muscle mass (15-17).

Muscle Strength

Hand grip test was performed using a Jamar branded (Model 
SH500L, Four D Rubber Company Ltd., Derbyshire, UK) hand 
dynamometer in order to assess muscle strength. To this end, 
the patients were placed in a flexion position with their elbows 
on the table and their arms parallel to the floor. Measurements 
were made three times on both right and left arms with 
1-minute rest periods in between. Patients with the highest 
of the three measurements below 30 kg in males and 20 kg in 
females were considered to have “low muscle strength”.

Muscle Performance 

Patients’ physical performance was assessed based on the 
walking speed test. To this end, the time that took the patients 
to walk for 6 meters in standing position was recorded in terms 
of seconds. A walking speed of 0.8 m/s was considered as the 
cut-off value and patients of both genders with a walking 
speed below this value were considered to be at risk for 
sarcopenia.

Diagnosis of Frailty

SOF Index 

The SOF index is a questionnaire that consists of three parameters 
for frailty diagnosis;
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1. Involuntary weight loss of 5% or more within three years 
(<%5 =1 point; ≥5% =0 point).

2. Inability to rise from a chair five consecutive times without 
using the arms (<5 times =1 point; 5 times =0 point).

3. Having low energy as identified by a negative answer to the 
question “do you feel full of energy?” (“no”=1 point; “yes”=0 
point.

Accordingly, the older adults who scored 0 point, 1 point and 
2-3 points are considered robust older patients, prefrail older 
patients, and frail older patients, respectively (18). 

Validity Studies

The validity of the SOF index was determined by receiver 
operating characteristic (ROC) curve analysis. For this reason, 
non-sarcopenic patients with an SOF index value below the 
optimal cut-off value and sarcopenic patients with an SOF 
index value above the optimal cut-off value were added and 
then divided by the total number of patients included in the 
study. The result obtained was considered significant in terms of 
validity if above 0.5 (19). 

Reliability Studies

The SOF index was administered to 144 patients at baseline, 
and then to 72 of these 144 patients for a second time within 
two weeks to measure the test-retest reliability (Cronbach’s 
alpha). The resulting kappa coefficients between 0.81 and 1.00, 
0.61 and 0.80, 0.41 and 0.60, 0.21 and 0.40, 0.01 and 0.2, and 
below 0 were considered to indicate almost perfect, substantial, 
moderate, fair, none to slight agreement, and no agreement, 
respectively (20). 

Statistics

Statistical analyses were carried out with SPSS 20.0 (Statistical 
Package for Social Sciences for Windows, version 20.0, IBM 
Corp., Armonk, NY, U.S., 2011) software package. Sarcopenia and 
non-sarcopenia groups were compared using the Pearson’s chi-
squared test based on the robust, prefrail and frail classifications 
made according to the SOF index scores. Pearson’s correlation 
analysis test was used to examine the relationship between 
patients’ anthropometric measurement values and SOF index 
scores. The sensitivity and specificity values of certain SOF 
index cut-off scores were examined with ROC curve analysis. 
Probability (p) values of <0.05 were deemed to indicate 
statistical significance.

Results
The study sample consisted of 144 geriatric patients. Both the 
sarcopenia and non-sarcopenia groups consisted of 72 patients. 
Each group consisted of 38 males and 34 females. Distribution 
of patients’ demographic and laboratory characteristics and 
anthropometric measurement results in addition to walking 
speed, hand grip strength, and FFMI and SOF index scores by 
genders and sarcopenia groups is demonstrated in Table 1.

Sarcopenic and non-sarcopenic patients were compared based 
on the robust, prefrail, and frail classifications made according 
to their SOF index scores. Accordingly, there was a significant 
difference between robust and frail patients (p<0.001), but not 
between prefrail and frail patients or robust and prefrail patients 
(p>0.05), in terms of presence of sarcopenia. The comparison 
of the groups created based on SOF index scores in terms of 
presence of sarcopenia is shown in Table 2.

Table 1. Distribution of patients’ demographic and laboratory characteristics and anthropometric measurement results, and FFMI 
and SOF index scores by genders and sarcopenia groups

Sarcopenia group
(n=72)

Non-sarcopenia group
(n=72)

Male (n=38) 
(mean ± SD)

Female (n=34) 
(mean ± SD)

p-value
Male (n=38)
(mean ± SD)

Female (n=34) 
(mean ± SD)

p-value

Age (years)a1 80.39±6.89 82.03±7.27 0.334 76.84±6.99 81.41±6.62 0.006

Height (cm)b1 165±9 147±6 <0.001 167±9 151±7 <0.001

Weight (kg)a3;b3 60±8 50±7 <0.001 79±10 69±12 0.001

BMI (kg/m2)a3;b3 21.83±2.62 23.01±3.26 0.093 28.44±3.43 30.57±5.08 0.026

Waist circumference (cm)a3;b3 81±8 80±11 0.782 99±8 96±12 0.185

Hip circumference (cm)a3;b3 88±7 89±9 0.655 99±8 104±12 0.081

Walking speed (m/sec)a3 0.74±0.51 0.52±0.3 0.334 1.22±0.52 0.67±0.39 0.006

Hand grip strength (kg)a3;b1 21±8 13±5 <0.001 30±8 16±6 <0.001

FFMI (kg/m2)a3;b3 14.56±2.02 11.8±1.6 <0.001 19.49±1.81 15.76±1.63 <0.001

SOF scorea3;b1 2.03±0.97 2.21±0.81 0.505 1.05±0.98 1.62±1.04 0.024
SD: Standard deviation, BMI: Body mass index, FFMI: Fat-free mass index, SOF: Study of osteoporotic fractures      
a1p<0.05, a2p<0.01, a3p<0.001                           
b1p<0.05, b2p<0.01, b3p<0.001  
aData pertaining to male patients in both sarcopenia and non-sarcopenia groups
bData pertaining to female patients in both sarcopenia and non-sarcopenia groups
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The ROC analysis revealed that the sensitivity and specificity of 
SOF index cut-off value of 1 in determining sarcopenia were 
76.4% and 55.6%, respectively. 

Additionally, the positive and negative predictive values of SOF 
index cut-off value of 1 were determined as 63.2% and 70.2%, 
respectively, indicating that 1 can be used as an optimal cut-off 
value. The ROC curve analysis of the prognostic power of SOF index 
in predicting the diagnosis of sarcopenia is shown in Figure 1.

There was a significant negative correlation between the SOF 
index scores and walking speed, BMI values, right calf, waist, 
and hip circumferences, FFMI scores, and right hand grip 
strength. 

The SOF index score of 72 patients was measured for a second 
time within 2 weeks for assessing the reliability of the index, 
and the kappa coefficient was found as 0.608. The intergroup 
comparison and ROC analysis revealed that the validity of the 
SOF index cut-off value of 1 was 0.659 (validity values of >0.5 
indicate statistical significance). The details of the reliability and 
validity studies of the SOF index are shown in Table 3.

Discussion
This study featured the assessment of the validity and reliability 
of the SOF index for Turkish geriatric population and the 
prognostic power of the SOF index in predicting the risk for 
sarcopenia in the geriatric population.

The findings of this study revealed that female patients 
diagnosed with sarcopenia had lower weight, BMI values, waist 
and hip circumferences, hand grip strength, and FFMI values, 
whereas higher SOF index scores, compared to female patients 
without sarcopenia. On the other hand, male patients diagnosed 
with sarcopenia were older and had a lower walking speed 
compared to male patients without sarcopenia.

In a cross-sectional study conducted with 771 geriatric patients, 
359 females and 412 males, in Taiwan, 119 patients were 

diagnosed with sarcopenia. The distribution of the patients 
with sarcopenia by the BMI values revealed that sarcopenia was 
most common in the group with high BMI values (16 of the 
31 patients with BMI values >30 kg/cm2 were diagnosed with 
sarcopenia), followed by the group with low BMI values (14 of 
the 29 patients with BMI values <18.5 kg/cm2 were diagnosed 
with sarcopenia) (21). In contrast, none of the patients with a 
high BMI value had sarcopenia (none of the 26 patients with BMI 
values >30 kg/cm2 was diagnosed with sarcopenia). Sarcopenia 
was most common in the group with low BMI values regardless 
of gender (8 of the 9 patients with BMI values <18.5 kg/cm2 

were diagnosed with sarcopenia). The findings of this study 
suggest that weight, waist and hip circumferences in patients 
with sarcopenia are correlated with low BMI values. The said 
discrepancy between the study conducted in Taiwan and this 
study may be due to the differences in the ethnic structure of 
the respective societies, lifestyles, and geographical differences 
(22,23). 

In a cohort study conducted by De Buyser et al. (14) with 191 
Belgian older male adults with a mean age of 78, SOF index 
was used to assess frailty and hand grip strength, and dual-
energy X-ray absorptiometry (DEXA) were used to diagnose 
sarcopenia, and frailty and sarcopenia were each detected in 
7% of the cohort. The rate of sarcopenia patients with frailty 
was found as 23%. Unlike the said study, female patients were 
also included in this study and BIA was used instead of DEXA 
to measure muscle mass, given that BIA is performed at the 
bedside, is a noninvasive and inexpensive method, and gives 
results comparable to DEXA (24,25). In addition, walking speed 
of patients was also measured in the diagnosis of sarcopenia 

Table 2. The comparison of the SOF index groups according 
to sarcopenia

SOF groups
Sarcopenia group
(n=72)

Non-sarcopenia 
group
(n=72)

p-value

Prefrail 
(n=33) 
Frail (n=87)

38.5% (20) 19.1% (13)
0.19

61.5% (32) 80.9% (55)

Robust 
(n=24)
Frail (n=87)

38.5% (20) 6.8% (4)
<0.001

61.5% (32) 93.2% (55)

Robust 
(n=24)
Prefrail 
(n=33)

50% (20) 23.5% (4)

0.064
50% (20) 76.5% (13)

SOF: Study of osteoporotic fractures

Figure 1. ROC curve for the sarcopenia of the SOF index

SOF: Study of osteoporotic fractures, ROC: Receiver operating characteristic, 
AUC: Area under the curve, NPV: Negative predictive value, PPV: Positive 
predictive value
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in this study in addition to muscle mass and muscle strength 
measurements. Consequently, the rates of male and female 
patients who were found to be both frail and sarcopenic were 
71.0% and 82.3%, respectively. In comparison, the rate of 
patients with both frailty and sarcopenia was lower in De Buyser 
et al.’s (14) study. In another study conducted with 70 geriatric 
patients in India with a design comparable to this study, the 
patients were divided into two groups as the sarcopenia 
(n=42) and non-sarcopenia (n=28) groups, and the rate of 
frail patients in the sarcopenia group was found as 66.7% (26). 
The discrepancies between the findings of the relevant studies 
available in the literature might be attributed to the differences 
between the methodologies of these studies and the socio-
demographic structures of the geriatric populations of the 
countries where these studies were conducted.

In a study conducted by Yürüyen et al. with 112 geriatric patients, 
walking speed and right hand grip strength measurements were 
performed in addition to muscle mass measurements with BIA 
to establish the diagnosis of sarcopenia. ROC analysis revealed 
that walking speed and right hand grip strength predicted the 
diagnosis of sarcopenia with a sensitivity and specificity of 
71% and 47% [area under the curve (AUC)=0.642, p<0.001], 
and 65% and 50% (AUC=-0.594, p<0.001), respectively (27). 
Similarly, in this study, the ROC analysis revealed that walking 
speed and right hand grip strength predicted the diagnosis of 
sarcopenia with a sensitivity and specificity of 65.8% and 67.6% 
(AUC=0.688, p<0.001), and 61.1% and 63.9% (AUC=0.687, 
p<0.001). However, the prognostic power of the SOF index with 
a cut-off value of 1 (AUC=0.708, p<0.001; 76.4%, 55.6%) in 

predicting the diagnosis of sarcopenia was higher than those of 
walking speed and right hand grip strength. 

As in many other studies that used indexes as data collection 
tools, first, intergroup comparison and ROC analysis were 
performed to assess the discriminant validity of the SOF 
index in this study (28,29). As a result, the validity of the SOF 
index with a cut-off value of 1 was found as 0.659 (validity 
values of >0.5 indicate statistical significance), and the kappa 
value was determined as 0.608 based on the qualitative data, 
in substantial agreement with Cohen’s Kappa coefficient, 
indicating reliability (30). 

Study Limitations 

Firstly, in this study, there is a small population, which may 
make the result inaccurate. Secondly, this study was conducted 
in a single-center, its results may not be widely generalized. 
However, this study has important contributions to the 
literature. Firstly, this is the first study that demonstrated that 
the SOF index can be used for the diagnosis of sarcopenia. 
Secondly, the SOF index was found to have high sensitivity 
and specificity in the diagnosis of sarcopenia in the Turkish 
population.

Conclusion
The rate of patients with both sarcopenia and frailty (measured 
with the SOF index) was higher in the Turkish geriatric 
population compared to the literature data. In addition, it was 
determined that the SOF index can be used with high validity 

Table 3. The reliability and validity assessment of the SOF index
The reliability assessment of the SOF index

Retest of the SOF index
Total Kappa coefficient

0 1 2 3

SOF score 0 9 0 0 0 9

0.608*

1 6 8 0 0 14

2 0 11 16 2 29

3 0 0 2 18 20

Total 15 19 18 20 72

The validity assessment of the SOF index

Sarcopenia
Total Validity value

NONO YES

Those with SOF score of 0 and 1
40 17 57

0.659**

55.6% 23.6% 39.6%

Those with SOF score of 2 and 3
32 55 87

44.4% 76.4% 60.4%

Total
72 72 144

100% 100% 100%

SOF: Study of osteoporotic fractures, *: Reliability (Kappa number), **: Validity value
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and reliability in the Turkish population, and that it was superior 
to walking speed, and right hand grip strength in the diagnosis of 
sarcopenia. Considering that BIA, walking speed and right hand 
grip strength is relatively more time consuming and difficult 
to apply for both the physician and the patient in outpatient 
settings, the SOF index is a promising assessment and screening 
tool in the diagnosis of sarcopenia. 
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