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ABSTRACT

الأهداف:  تحديد مدى انتشار وهن العضلات والعوامل ذات الصلة 
لدى الأفراد الذين تتراوح أعمارهم بين 65 عامًا وأكثر ويعيشون في 
أخطر  من  العضلات  وهن  أن  تركيا. حيث  أزمير،  بورنوفا،  منطقة 

المشاكل الصحية بين الأفراد المسنين.

في  بورنوفا  منطقة  في  المستعرضة  الدراسة  هذه  أجريت  الطريقة: 
أزمير، تركيا، خلال الفترة من فبراير ويوليو 2015م. واشتملت هذه 
الدراسة من 909 فرد تتراوح أعمارهم بين 65 عام وأكبر. كان المتغير 
العمل  طريقة مجموعة  واستخدم  العضلات،  وهن  هو وجود  التابع 
 )EWGSOP( السن لدى كبار  العضلات  بوهن  الخاصة  الأوروبية 
لتحديد وجود وهن العضلات. كانت المتغيرات المستقلة الخصائص 
الاجتماعية، والديمغرافية، والاقتصادية، وسلوكيات الحياة الصحية، 
والحالة الصحية. تم جمع البيانات في المنزل من خلال المقابلات وجهاً 
لوجه والقياسات، وتحليلها باستخدام اختبار مربع كاي، واختبار تي 

وتحليل الانحدار اللوجستي.

النتائج: كان متوسط عمر المشاركين 6.2±72.8 )المدى: 65-100( 
سنة، و%60.2 من الإناث )العدد =582(. كان معدل انتشار وهن 
قوة  وكانت   ،41.0% منخفضة  المشي  وسرعة   5.2% العضلات 
 6.1% منخفض  الساق  ومحيط عضلة   ،  57.0% منخفضة  القبضة 
 .14.3% منخفضة  قبضة  وقوة  المنخفضة  المشي  سرعة  مزيج  وكان 
والخمول  العمر،  زيادة  العضلات  لوهن  الخطر  عوامل  وشملت 
البدني، وانخفاض مؤشر كتلة الجسم ووجود أو خطر سوء التغذية.

الخاتمة: كان معدل انتشار وهن العضلات %5.2 في هذه الفئة من 
السكان وزاد مع تقدم العمر، والخمول البدني، وانخفاض مؤشر كتلة 

الجسم ووجود أو خطر سوء التغذية.

Objectives: To determine the prevalence of sarcopenia and 
related factors in individuals aged ≥65 years living in the 
Bornova district of Izmir, Turkey. Sarcopenia is one of the 
most serious health problems among elderly individuals.

Methods: This cross-sectional study was conducted in 
the Bornova district of Izmir, Turkey, between February-
July 2015. This study participants were comprised of 909 

individuals aged ≥65 years. The dependent variable was 
the presence of sarcopenia and the European Working 
Group on Sarcopenia in Older People (EWGSOP) 
approach was used for determining sarcopenia. The 
independent variables were socio-demographic and 
economic characteristics, healthy life behaviors and health 
status/condition. Data were collected at home through 
face-to-face interviews and measurements, analysed using 
chi-square test, t-test and logistic regression analysis.

Results: The participants’ mean age was 72.8±6.2 (range: 
65-100) years, and 60.2% were female (n=582). The 
prevalence of sarcopenia was 5.2% and that of low gait 
speed was 41.0%, low grip strength was 57.0%, low 
calf circumference was 6.1% and the combination of 
low gait speed and low grip strength was 14.3%. Risk 
factors of sarcopenia included increasing age, physical 
inactivity, low body mass index and the presence or risk 
of malnutrition.

Conclusion: The prevalence of sarcopenia was 5.2% 
in this population and increased with age, physical 
inactivity, low body mass index and the presence or risk 
of malnutrition.
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The European Working Group on Sarcopenia in 
Older People (EWGSOP) proposed the definition 

of sarcopenia to be a syndrome characterized by 
progressive and generalized loss of skeletal muscle mass.1 
Compared to other age groups, the incidence is higher in 
elderly individuals; thus, it can be described as a geriatric 
syndrome.1 Studies have reported that sarcopenia is not 
only associated with several diseases, but also decreases 
the quality of life and increases dependence, mortality 
and hospitalisations.1,2 Prevalence depends on the 
location of the study, the indices used or measures, and 
the age group. For example, the prevalence is higher in 
elderly individuals who are hospitalised or are living in 
nursing homes than in those living in communities. In 
community-based studies, the prevalence of sarcopenia 
varies between 1-29%, with an incidence range of 5-13% 
at 60-70 years and 11-50% at >80 years.1,3 Other risk 
factors include female gender, low birth weight, genetic 
predisposition, malnutrition, inadequate protein 
intake, alcohol and cigarette consumption, physical 
inactivity, immobilisation and chronic diseases.1 
Studies conducted in Turkey were mainly on the elderly 
residing in nursing homes or hospitals. There was only 
one published community-based study in Turkey whose 
objective was to determine the prevalence of muscle 
function-dependent sarcopenia; among the 89,303 
elderly invited to participate, only 879 showed up at 
the Family Health Center.4

The aim of our study was to determine the prevalence 
of sarcopenia and related factors in community-dwelling 
individuals of 65 and above, residing in the Bornova 
district of Izmir, Turkey.

Methods. This study was part of a larger project 
aimed to determine the prevalence of sarcopenia 
among community-dwelling elderly, the affecting 
factors and the consequences of sarcopenia, such as 
depressive symptoms and functional status. The latter 
was explained elsewhere and details of methods are also 
available.5

This was a cross-sectional, community-based study 
conducted in the Bornova district of Izmir, Turkey, 
between February-July of 2015. According to the 
Address-Based Population Registration System 2014 

published by the Turkish Statistical Institute, the study 
population comprised 28,323 community-dwelling 
individuals aged ≥65 years living in the Bornova 
district of Izmir, Turkey. The minimum sample size was 
calculated to be 839 elderly individuals, assuming a 
prevalence of sarcopenia of 10%, at a 2% error rate and 
95% confidence interval. After considering the design 
effect as 1.2, the aim was to access a minimum sample 
size of 1007 individuals. A multi-stage sample selection 
was conducted. According to municipality registrations, 
the neighbourhoods in the district were stratified as low, 
middle and high socioeconomic status. Using a random 
numbers table, a neighbourhood was selected from 
each socioeconomic strata. All the existing streets were 
listed in those neighbourhoods and then streets were 
randomly selected to reach enough participants. All the 
elderly residing on those streets were included in the 
study. As a result, the final sample included 909 elderly 
participants (namely, a 90.3% response rate).

Variables. In this study, sarcopenia was the 
dependent variable, whereas age, gender, educational 
status, marital status, food insecurity, house ownership, 
cohabitants, access to social support, physical activity, 
body mass index (BMI), presence of malnutrition, co-
morbidities (diabetes mellitus, hypertension, cancer, 
heart disease and chronic obstructive pulmonary 
disease) and the number of routinely used medications 
(regardless of whether they were prescribed or not), 
were the independent variables.

Sarcopenia was defined according to the EWGSOP 
approach, which recommends 3 primary outcome 
variables, namely, low muscle mass, low muscle 
strength and low physical performance.1 Muscle 
mass was measured via the calf circumference (CC), 
where a CC of <31 cm corresponded to low muscle 
mass.6 Muscle strength was measured using the 
Takei T.K.K. Grip D digital hand grip dynamometer 
(Takei Scientific Instruments Co. Ltd, Tokyo, Japan). 
Three measurements were taken, and the highest 
measurement corresponded to the final strength of the 
dominant hand. A muscle strength of <30 kg for men 
and <20 kg for women was classified as low.7 Physical 
performance was assessed using the usual gait speed 
(over a 6-m course); unlike EWGSOP criteria, a gait 
speed of <1 m/s is considered slow.8 Educational status 
was determined as the highest-grade level from which 
a participant graduated. Social support was established 
using the question ‘Is there anybody that you could call 
and get support from if you needed it?’ For chronic 
diseases, a physician’s diagnosis was requested, and 
the participants’ own statements were evaluated. 
Malnutrition was ascertained via the Mini Nutritional 

Disclosure. This study was funded by Pinar Institute, 
Izmir, Turkey, and it has been presented as a poster in 
13th International Congress of the European Union 
Geriatric Medicine Society (20-22 September 2017, 
Nice, France).
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Assessment-short form (MNA-SF) tool, where a score 
of 12-14 indicates well-nourished, 8-11 indicates a risk 
of malnutrition and <8 indicates malnutrition.9 Body 
mass index was obtained by dividing the body weight 
(kg) by the square of height (m2).10 Weight and height 
measurements were taken by interviewers at home 
when the participants were wearing light clothes and no 
shoes. For weight measurement, a digital scale was used, 
whereas height measurements were conducted with a 
portable stadiometer on a Frankfurt plane. To determine 
food insecurity, the following 3 questions were asked 
based on the protocol described in the Nutrition Survey 
of the Elderly in New York State (NSENY): ‘Do you 
have enough money to buy the food you need most of 
the time?’; ‘In the past 6 months, have you skipped one 
or more meals because you had no food in the house 
or because you thought that soon you might not have 
enough food?’; and the final question was ‘In the past 6 
months, have you had to choose between buying food 
and paying bills or buying something else you needed?’. 
An affirmative response to at least one of these questions 
was evaluated as ‘food insecurity’.11 The Physical 
Activity Scale for Elderly (PASE) was used to identify 
the physical activity status. The Turkish version of the 
PASE has previously been shown as a valid and reliable 
tool by Ayvat et al.12

Data collection. Data was collected through face-
to-face interviews conducted in the participants’ 
homes by trained interviewers comprised of nutrition 
and dietetic students. Prior to the study, there were 3 
training sessions for the interviewers administered by 
the 3 academician authors of this study: a geriatrist, 
a physician with a public health PhD and a dietician 
with a public health PhD. In the first session, the 
questionnaire was presented; in the second, all the 
anthropometric measurements, gait speed and hand 
grip measurements were explained in detail and then 
practiced; in the third and final session, interpersonal 
relationships and communication skills were enriched. 
As a pilot study, the questionnaire was administered to 
individuals 65 years or older from outside the study 
universe. Researchers checked the data collection 
process weekly. The homes of each participant were 
visited on 3 occasions, once during the day, once in the 
late afternoon-evening and once on the weekend. The 
participants who did not complete the interviews in 3 
visits were excluded from the study.

Ethical approval. This study was approved by the 
Ethics Committee of Izmir Bozyaka Education and 
Research Hospital in Izmir, Trurkey (4/2014). This 
study was carried out in accordance with the principles 
of Helsinki Declaration and written-informed consents 
were obtained from the participants.

Statistical analysis. Data was analysed using Statistical 
Package for the Social Sciences (SPSS) version 15.0 
(SPSS Inc., Chicago, IL, USA). Continuous data are 
presented as mean±standard deviation, and categorical 
variables are presented as percentages. The Chi-square 
test was used to determine the relationship between 
variables and t-tests were conducted to compare means.  
and a univariate analysis and multivariate logistic 
regression (LR) model were used to identify factors 
associated with sarcopenia. The multivariate LR model 
was conducted using variables that were found to be 

Table 1 - Descriptive characteristics of the study participants.

Characteristics n (%)
Educational status

Illiterate
Literate*
Primary (7-11 years of age)
Secondary (12-14 years of age)
High school (15-17 years of age)
University (18 and above)

196 (21.6)
87 (9.6)

393 (43.2)
80 (8.8)
78 (8.6)
75 (8.3)

No social support 78 (8.6)
Living with whom

Alone
Partner or children
Children
Relatives

131 (14.4)
483 (64.1)
183 (20.1)

12 (1.3)
Ownership of the house

Rent
Belongs to them/partner
Belongs to the children/relatives

93 (10.2)
692 (76.1)
124 (13.7)

Physical activity
4th quartile
3rd quartile
2nd quartile
1st quartile

227 (25.0)
228 (25.1)
231 (25.4)
223 (24.5)

Food insecurity (yes) 236 (26.0)
Malnutrition

Malnourished
At risk
Well-nourished

42 (4.6)
334 (36.8)
531 (58.5)

Body mass index (kg/m2)
Obesity (≥30.0)
Overweight (25.0-29.9)
Normal weight (18.5-24.9)
Underweight (<18.5)

445 (49.0)
305 (33.6)
148 (16.3)

10 (1.1)
Hypertension 571 (62.8)
Cardiac disease 283 (31.1)
Diabetes mellitus 279 (30.7)
COPD 48 (5.3)
Cancer 41 (4.5)
Number of chronic diseases (mean±SD) 2.0±1.3
Number of drugs (mean±SD) 2.8±2.5
*Literate - the ones who can read and write but did not graduate from an 

elementary school. COPD - chronic obstructive pulmonary disease
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significant in the univariate analyses. In order to abstain 
from collinearity, for the variables which were found to 
be highly correlated, only one of them was included in 
the model (namely, the number of chronic diseases was 
highly correlated with the number of routinely used 
drugs; thus, only the number of chronic diseases was 
included in the model). The significance level was set at 
p<0.05. Multivariate LR results were evaluated with OR 
(95% confidence intervals [CI]) and p-values.

Results. A total of 909 elderly participants were 
included, of whom 59.2% were female and 65.7% were 
married. The mean age of participants was 72.4±5.9 
(range: 65-98) years. Other demographic characteristics 
of participants are presented in Table 1.

The participants had a mean gait speed of 1.4±0.9 
m/s, mean grip strength of 23.8±10.3 and a mean CC 
of 37.4±4.5 cm. Frequencies of the diagnostic algorithm 
according to the EWGSOP are presented in Figure 1. 
The prevalence of sarcopenia was 5.2% (female: 4.1%, 
male: 6.7%).

Univariate analysis revealed that all independent 
variables, along with aging, such as gender, marital 
status, presence of social support, food insecurity and 
the presence of cardiac disease, cancer and chronic 
obstructive pulmonary disease, were factors associated 
with sarcopenia (Table 2).

According to the LR analysis, increasing age 
(OR=1.086, 95% CI: [1.024-1.152], p=0.006), 
low physical activity (OR=3.262, 95% CI: [1.055-

10.080], p=0.040), low BMI (OR=24.853, 95% CI: 
[10.147-60.869], p<0.001) and the presence or risk of 
malnutrition (OR=8.006, 95% CI: [3.069-20.885], 
p<0.001) significantly increases the risk of sarcopenia 
(Table 3).

Discussion. The present study evaluated sarcopenia 
and related factors in community-dwelling elderly 
individuals living in the Bornova district of Izmir, 
Turkey. In this study, the prevalence of sarcopenia 
was 5.2% and was determined using 3 instruments; 
handgrip strength was measured using a handgrip 
dynamometer, physical performance was measured via 
the usual gait speed and muscle mass was determined 
through the calf circumference. Each of these methods 
is an important tool for screening because they are 
easily applicable, non-invasive, simple and low-cost. 
In addition, the World Health Organization (WHO) 
has accepted calf circumference measures as the most 
sensitive anthropometric criterion for the measurement 
of muscle mass in elderly individuals.13 The EWGSOP 
was revised in 2019.14 Thus, according to EWGSOP 
criteria, calf circumference measures may be used as a 
diagnostic proxy for older adults in settings where no 
other muscle mass diagnostic methods are available.14

The prevalence of sarcopenia varies according 
to study location (country/community/institution/
hospital), age group, gender distribution and diagnostic 
schemes and tools. A previous cross-sectional study 

Figure 1 -	Frequencies of the diagnostic algorithm.
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reported that the prevalence of sarcopenia varied 
between 0-45.2% according to different criteria and age 
groups.15 A systematic review of individuals aged ≥50 
years reported that differences in age and living areas 
could affect the prevalence of sarcopenia; reported to 
be 1-29% in community-based studies, 14-33% in 
long-term care patients and 10% in an acute hospital 
care group.3

Other previous studies have reported that the 
prevalence of sarcopenia is 12.5% among the elderly 
aged ≥80 years in Belgium, 7.5% among those aged 
≥65 years in Japan, 4.8% among the individuals aged 
≥65 years in Brazil, 4.5% among those aged ≥70 years 
in Germany and 7.1% among those aged ≥65 years in 
Taiwan.16-21 Our results are similar to these findings.

In Turkey, studies focusing on sarcopenia were mostly 
conducted on the elderly residing in nursing homes or 
individuals who were hospitalized. Moreover, different 

methods were used to define sarcopenia and this resulted 
in a varying range of sarcopenia prevalence. Among the 
elderly residing in nursing home, the prevalence was 
observed to be 29.0-85.4% and among the elderly who 
were admitted to hospital, it was 10.5-49.0%.22-26 The 
only study published on community-dwelling elderly 
found muscle function sarcopenia (via gait speed and 
hand grip) prevalence as 63.4%; whereas, according to 
muscle mass via calf circumference, it was determined 
to be 6.7%.4 The main issue with this study was the 
concerns about sample selection because the study was 
conducted only on volunteers who agreed to come to 
family health centres to participate in the study (among 
the 89,303 elderly, only 879 participated).

Our present study determined that increasing age, 
physical inactivity, low BMI or the presence or risk of 
malnutrition are risk factors for sarcopenia. Consistent 

Table 2 - Association between independent variables and sarcopenia 
(univariate analysis).

Independent variables Sarcopenia P-value
Yes No

n (%)
Age (mean±SD) 77.2±7.4 72.1±5.7 <0.001
Number of drugs 
(mean±SD)

1.3±0.8 1.5±0.7   0.015

Number of chronic diseases 
(mean±SD)

1.5±1.2 2.0±1.3   0.012

Age groups
65-74
75-84
≥85

19 (3.0)
21 (8.6)
7 (21.9)

615 (97.0)
222 (91.4)
25 (78.1)

<0.001

Gender
Female
Male

22 (4.1)
25 (6.7)

516 (95.9)
346 (93.3)   0.076

Educational status
Primary school and above
Illiterate or literate

26 (4.2)
21 (7.4)

600 (95.8)
262 (92.6)   0.039

Marital status
Married
Not married

28 (4.7)
19 (6.1)

569 (95.3)
293 (93.9)   0.366

Ownership of the house
Himself/Herself/partner
Other

30 (4.3)
17 (7.8)

662 (95.7)
200 (92.2)   0.042

Living alone
Yes
No

122 (93.1)
740 (95.1)

9 (6.9)
38 (4.9)

  0.342

Social support
Yes
No

44 (5.3)
3 (3.8)

787 (94.7)
75 (96.2)

   0.790*

*Fisher’s p-value. BMI - body mass index, COPD - chronic obstructive 
pulmonary disease

Table 2 continued - Association between independent variables and 
sarcopenia (univariate analysis).

Independent variables Sarcopenia P-value
Yes No

n (%)
Food insecurity

Yes
No

14 (5.9)
33 (4.9)

222 (94.1)
640 (95.1)

  0.539

BMI
≥25.00
<25.00

7 (0.9)
40 (25.3)

743 (9.1)
118 (74.7)

<0.001

Physical activity 
4th quartile
3rd quartile
2nd quartile
1st quartile

7 (3.1)
8 (3.5)
8 (3.5)

24 (10.8)

220 (96.9)
220 (96.5)
223 (96.5)
199 (89.2)

<0.001

Malnutrition
Well-nourished
Malnourished+ at risk

6 (1.1)
41 (10.9)

525 (98.9)
335 (89.1)

<0.001

Hypertension
Yes
No

15 (2.6)
32 (9.5)

556 (97.4)
306 (90.5)

<0.001

Diabetes mellitus
Yes
No

8 (2.9)
39 (6.2)

271 (97.1)
591 (93.8)

  0.037

Cardiac disease
Yes
No

13 (4.6)
34 (5.4)

270 (95.4)
592 (94.6)

  0.597

Cancer
Yes
No

1 (2.4)
46 (5.3)

40 (97.6)
822 (94.7)

   0.717*

COPD
Yes
No

5 (10.4)
42 (4.9)

43 (89.6)
819 (95.1)

   0.095*

*Fisher’s p-value. BMI - body mass index, COPD - chronic obstructive 
pulmonary disease
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with these results, several studies have reported that 
increasing age, low BMI and physical inactivity are 
associated with sarcopenia.4,16-18,21-29 Although only 
a limited number of community-based studies have 
investigated malnutrition as a factor, all these studies 
have reported a relationship between malnutrition and 
sarcopenia.18,21 Some studies have indicated a higher 
prevalence of sarcopenia in females, whereas others 
have found a higher prevalence among males.4,21,30 
Socio-economic factors have been studied less 
frequently and have generally not been found to be 
related with sarcopenia.16 This could be due to a lack 
of significant differences in the socio-economic aspects 
of the study groups. In general, the socio-economic gap 
between the elderly may diminish because of factors 
such as retirement or unemployment. Furthermore, 
no significant differences are observed in the level 
of education among the elderly. Some studies have 
reported that the number/presence of chronic diseases 
increases the prevalence of sarcopenia, whereas others 
have found no such relationship.16,21,27,29 In the present 
study, univariate analysis revealed that the lack of a 
chronic disease, such as hypertension or diabetes, is a 
risk factor for sarcopenia. However, this factor did not 
persist in the multivariate analysis, the results of which 
can be explained by the presence of chronic disease in 
majority of individuals constituting the study group.

Limitations. The main limitation of the present 
study was that compared with other causality studies, 
the value of causal evidence are limited by the cross-
sectional nature of this study. Moreover, because the 
study was conducted in Izmir, Turkey alone, its results 
cannot be generalised to elderly individuals worldwide. 
Our study aimed to determine sarcopenia prevalence 
among a community-dwelling elderly population, 
within their home circumstances. Thus, we were not 
able to use gold standard methods, such as Dual-energy 
X-ray absorptiometry, Computed tomography or 
Magnetic resonance imaging in determining muscle 
mass. Instead, we chose to use calf circumference 
measurements, the best option available for a home 
setting, as a surrogate for muscle mass. Not using gold 
standard methods for muscle mass may be considered 
a limitation; however, optimizing our measurements 
in accordance to our aim can also be evaluated to be a 
strength.

The main strengths of the study were its community-
based nature, the method used to calculate sample size 
and the high rate of access to the target population, 
all of which prevented selection bias. The use of the 
EWGSOP approach, which has been recently more 
frequently used as a diagnostic tool, qualifies as another 
strength of this study. Data standardization was ensured 
both by the training provided to interviewers and 
weekly data controls. The study results can serve as a 
guide to determine factors associated with sarcopenia in 
the elderly population. 

In conclusion, sarcopenia has a considerable 
prevalence in society, and its risk increases with age, 
physical inactivity, low BMI or the presence or risk 
of malnutrition. It is important to correctly diagnose 
sarcopenia, which is common in elderly individuals 
and associated with their mortality and morbidity. A 
program should be developed whereby the elderly can 
be monitored by primary care institutions within the 
home setting, and healthcare workers can be trained to 
raise their awareness regarding sarcopenia to reach and 
diagnose the elderly who are homebound and unable 
to receive health services. By taking into account the 
factors associated with sarcopenia and its association 
with malnutrition and low BMI, physicians may be 
guided in the diagnosis of sarcopenia. Age is not a 
preventable factor, but active ageing, (namely, ensuring 
that the elderly are physically active) should be targeted. 
Although health workers have an important role in 
motivating the elderly, the public districts should 
provide an environment whereby individuals can both 
engage in and maintain an active lifestyle.

Table 3 - Association between independent variables and sarcopenia 
(logistic regression analysis).

Independent variables (reference 
group)

Sarcopenia

P-value OR (95% CI)
Age 0.006 1.086 (1.024-1.152)
Number of chronic diseases 0.140 0.738 (0.493-1.104)
Educational status (primary school and above)

Illiterate or literate 0.648 1.223 (0.516-2.896)
Ownership of the house (Himself/Herself/partner)

Other 0.709 1.178 (0.498-2.787)
Physical activity (4th quartile)

3rd quartile
2nd quartile
1st quartile 

0.608
0.881
0.040

1.381 (0.403-4.739)
0.908 (0.256-3.214)
3.262 (1.055-10.080)

Body mass index (≥25.00)
<25.00 <0.001 24.853 (10.147-60.869)

Hypertension (No)
Yes 0.103 0.465 (0.185-1.167)

Diabetes mellitus (No)
Yes 0.886 1.079 (0.382-3.049)

Malnutrition (Well-nourished)
Malnourished+ at risk <0.001 8.006 (3.069-20.885)
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