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Abstract

Background This study proposed to compare the prevalence and risk factors for sarcopenia by EGWSOP-1 and EWGSOP-2
diagnostic criteria in Iran.

Methods This cross-sectional study was conducted based on the data collected during the Bushehr Elderly Health (BEH)
Program, stage II. Sarcopenia was defined as 3 definitions: EWGSOP-1(with Iranian cut off), EWGSOP-2(with Iranian cut
off), EWGSOP-2(with European cut off) definition. We evaluated the age-standardized prevalence of sarcopenia in both genders.
Regression analysis was used to show the associations in the adjusted models.

Results Among 2426 participants, age-standardized prevalence of sarcopenia, and severe sarcopenia by EWGSOP-1 were
19.7%, and 12.9%, in men and 13.6%, and 16.7% in women, respectively. When we used EWGSOP-2 (with Iranian cut-off)
criteria, these values were 10.5%, and 12.7% among men and 7.13% and 16.5% in women, respectively. The prevalence
sarcopenia and severe sarcopenia by EWGSOP-2 (with European cut-off) were 12.7%, and 13.4% in men and 5.42%, and
13.7% in women, respectively. In both genders, getting older and high-fat mass were positively associated with sarcopenia, and
BMI had a significant inverse association in both genders and all defintions.

Conclusions Results showed that a prevalence of sarcopenia varied largely by using different criteria, in both sexes. EWGSOP2-
defined sarcopenia prevalence was lower than that defined using EWGSOP-1 criteria due to different diagnostic factors to detect
sarcopenia. Some adverse outcomes should be considered for evaluating sarcopenia to compare the accuracy of EWGSOP-1 and
EWGSOP-2.
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Introduction

Sarcopenia is an age-related muscle disease in which muscle
mass and muscle function are reduced, resulting in increased
risk of disability, poor quality of life, and mortality [1, 2].
Compared to other health-related problems of the elderly,
sarcopenia has a remarkable prevalence in the elderly popula-
tion between 60 and 70 years, ranging from 5-13%, which
increases up to 50% in over 80 population [1, 3]. The estimat-
ed annual muscular loss would be between 1-3% [4].

In spite of the fact that subject of sarcopenia is very inter-
esting for clinicians and researchers, an operational definition
covering different ethnic backgrounds is still under develop-
ment. In 2010, the European Working Group on Sarcopenia in
Older People (EWGSOP) reported an operational definition of
sarcopenia.

The similar approaches were carried out by the
International Working Group on Sarcopenia (IWGS) [5] and
Asian Working Group for Sarcopenia (AWGS) [6]. Based on
these definitions, sarcopenia is characterized by low muscle
mass in combination with poor muscle function.

Using different measurement tools, cutoff points and defi-
nitions cause different prevalence of sarcopenia in the world.
On the other hand, these working groups of sarcopenia rec-
ommended the use of regional normative populations when
available [7].

In 2018, the EWGSOP revised its consensus and proposed
a new sarcopenia definition as the EWGSOP-2 [8]. In this
updated definition, EWGSOP-2 focused on strength muscle
as an important factor and recommended specific cut points
for components of sarcopenia. Recently, some studies have
published the prevalence of sarcopenia using the new criteria
and factors related to sarcopenia [9-11]. However, there are
no studies on the prevalence of sarcopenia and its related-
factors using a new definition in Iranian older people.

So, the aim of this study was to compare the prevalence of
sarcopenia and its associated factors by the EGWSOP-1 and
EWGSOP-2 definitions in Iran. Additionally, we determined
the agreement between definitions of sarcopenia.

Materials and methods
The study population

This cross-sectional study was conducted within the basis of
the Bushehr Elderly Health (BEH) program, stage II. The
methodology and protocol of the BEH program were previ-
ously described elsewhere [12]. In summary, the BEH study is
a prospective population-based cohort study performed on a
representative sample of older people in the urban population
of Bushehr city, located in the south of Iran. The aim of this
cohort is to determine the prevalence and risk factors of non-
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communicable diseases, including musculoskeletal disorders,
and cognitive impairment and also assessment of their out-
comes [13]. The study was approved by the Research Ethics
Committee of both Bushehr University of Medical Sciences
and Endocrinology & Metabolism Research Institute.

Data collection

Participants’ data were collected through the valid question-
naires including sociodemographic characteristics, and life-
style data. A fixed stadiometer and a digital scale were used
for the measurements of height and weight, respectively.
Body mass index (BMI) was calculated by the formula weight
(kg) / [height (m)]*. Waist circumference was measured above
the iliac crest and the hip circumference was measured at the
widest part of the hips. Blood pressure (BP) was measured
twice by a standard mercury sphygmomanometer after
15 min of rest in the seated position and then the mean of
the two measurements was considered as the participant’s
systolic and diastolic blood pressures. The physical activity
level was evaluated by a standard questionnaire-based on met-
abolic equivalent (MET) levels. [14]

Dual x-ray absorptiometry (DXA, Discovery WI,
Hologiclne, USA) was used to measure body composition.
The skeletal muscle mass index (SMI) was defined as the
sum of the muscle masses of the four limbs as appendicular
skeletal muscle mass divided by squared height.

Maximum handgrip strength was measured in both hands
by a digital grip strength dynamometer, 3 times, and the
highest value was used [15]. Walking speed over 4.57 m
was used for estimating physical performance [16].

Definition of terms
Sarcopenia

In this study, sarcopenia characterized by EWGSOP-1 and
EWGSOP-2 criteria was compared.

Using EWGSOP- Icriteria, sarcopenia was defined as low
muscle mass, additionally low muscle strength or low physical
performance and when all three criteria of the definition were,
the patient had severe sarcopenia [1].

On the other hand, EWGSOP and AWGS [6] recommend-
ed the use of reference data to decide cut- off values for
sarcopenia components. Recently, a study showed that the
reference data of the Iranian population for recognizing
sarcopenia. the cut-off points for low SMI was 7.0 kg/m?
and 5.4 kg/m* among men and women, respectively. The
low muscle strength was <26 kg for men and < 18 kg for
women and the cut-off value for low physical performance
was < 0.8 m/s for both sexes [17].

Based on EWGSOP-2 definition [8], sarcopenia was de-
tected by the presence of low muscle mass with low muscle



J Diabetes Metab Disord (2020) 19:727-734

729

strength, and severe sarcopenia was considered when low
muscle strength, low muscle mass, and low physical perfor-
mance were all detected. According to new EWGSOP-2 def-
inition, the European cut-off points for SMI were 7.0 kg/m?
for men and 5.5 kg/m” among women, handgrip strength < 27
kg, and < 16 kg for men and women; respectively. The cut-off
value for low physical performance was less of 0.8 m/s for
both sexes [2].

Therefore, we compared three groups: (1) EWGSOP-1
(with Iranian cut-off points); (2) EWGSOP-2 (with Iranian
cut-off points); (3) EWGSOP-2 (with European cut-off
points) (Table 1].

Other associated clinical characteristics

Current smoker was defined as one who smokes at least one
cigarette per day or uses a hookah or pipe once daily at the
time of evaluation. The amount of physical activity was esti-
mated based on metabolic equivalents (METSs) score using a
validated questionnaire for a single measurement of 24 h
physical activity on an average weekday. High Fat Mass
was outlined as total body percent fat > 30 for males and >
40 for females[18].

Statistical analysis

The data was presented as mean + standard deviation (SD) for
continuous and the percentage for categorical variables.
Comparisons between continuous variables were done by t-

test and comparisons of categorical data were performed using
Pearson’s Chi-square test.

Cohen’s kappa coefficient was used to evaluate the degree
of agreement between different sarcopenia definitions [19].
Age-standardized prevalence rates were measured using the
population distribution of Iranian census data of 2016.

Stepwise logistic regression was used to select the indepen-
dent risk factors of sarcopenia by different definitions. All the
multivariate analyses included variables with p < 0.2; the final
significance level for multivariate analyses was at P less than
0.05. All tests were two-sided, and a P-value < 0.05 was de-
fined as statistically significant. The Stata 12 software
(StataCorp, Texas, USA) was used for all statistical analyses.

Results

A total of 2426 elderly participants aged 69.34 + 6.40 years
(51.9% women) were considered for analyses. Table 2 shows
the baseline characteristics of both genders. Overall, men had
more appendicular muscle mass, less total fat mass, and lower
BMI, waist, and hip circumferences than women. In handgrip
muscle strength and walking speed, men walked faster and
had more muscle strength than women (all P-value < 0.001).
Also, 20.8% of men and 14.1% of women smoke daily.

Figure-1 compares the age-standardized prevalence of
sarcopenia using EWGSOP-1 (with Iranian cut-off points),
EWGSOP-2 (with Iranian cut-off points), and EWGSOP-2
(with European cut-off points). The prevalence of sarcopenia
and severe sarcopenia by EWGSOP-1 was 19.7%, and 12.9%,
among men and 13.6%, 16.7% in women, respectively. When
we used EWGSOP-2 (with Iranian cut-off points) criteria, the

Table 1 Comparison of sarcopenia definitions
Criteria Components Definitions
Low function Low muscle mass  Sarcopenia Severe Sarcopenia
EWGSOP-1 low muscle strength <26 kg : men SMI < 7.0 kg/m® Low muscle mass Low muscle mass
(with Iranian cut < 18 kg :women :men + +
off) OR SMI < 5.4 kg/m? Low muscle strength OR Low physical Low muscle strength
low physical performance was < 0.8 mv/s for women performance +
both sexes Low physical
performance
EWGSOP-2 low muscle strength <26 kg : men SMI < 7.0 kg/m* Low muscle strength Low muscle strength
(with Iranian cut < 18 kg :women :men + +
off) OR SMI < 5.4 kg/m? Low muscle mass Low muscle mass
low physical performance was < 0.8 m/s for women +
both sexes Low physical
performance
EWGSOP-2 low muscle strength <27 kg : men SMI < 7.0 kg/m? Low muscle strength Low muscle strength
(with European cut < 16 kg :women :men + +
off) (@) SMI < 5.5 kg/m? Low muscle mass Low muscle mass
low physical performance was < 0.8 m/s for :women +
both sexes Low physical
performance

EGWSOP; European Working Group on Sarcopenia in Older People, SMI; Skeletal Muscle Index
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Table 2 General characteristics

of the study participants Men Women Total P- value
(n=1166) (n=1260) (n=2426)

Age (Years) 69.54 +6.44 69.16+£6.35 69.34+6.40 0.14
Weight (Kg) 72.30 +12.40 66.61 +13.13 69.35+13.09 <0.001
Height (cm) 165.87+£6.31 152.24+£6.12 158.80+9.22 <0.001
Body mass index (Kg/m?) 26.24+£4.02 28.70+£5.34 27.52+4.90 <0.001
Appendicular muscle mass (Kg) 18.60+2.80 13.37+2.17 15.89+3.61 <0.001
SMI (Kg/m?) 5.75+0.84 6.76 £0.85 6.23+0.98 <0.001
Walking speed (m/s) 0.95+0.30 0.74+0.27 0.84+0.31 <0.001
Hand grip strength (Kg) 30.52+8.38 17.34+522 23.68+9.56 <0.001
Fat mass (Kg) 31.24+53 43.5+53 37.59+8.12 <0.001
Waist circumference(cm) 97.08+11.23 100.23 +12.52 98.72+12.02 <0.001
Hip circumference(cm) 99.33+7.68 105.57+11.21 102.57+10.16 <0.001
Mitral status (%)
Married 1113(95.5) 751(59.6) 1864(76.8) <0.001
Single/widow/Divorced 53(4.5) 509(40.4) 562(23.2
Education (%)
None 213(18.3) 587(46.7) 800(33.0) <0.001
Under Diploma 554(47.5 549(43.6) 1103(45.5)
Diploma and over 399(34.2) 122(9.7) 521(21.5)
Smoking (%) 242(20.8) 176(14.1) 418(17.4) <0.001
Physical activity (%) 271(23.2) 284(22.6) 555(22.9) 0.47

Data are presented as mean + standard deviation or number(percent), SMI; Skeletal Muscle Index

prevalence of sarcopenia and severe sarcopenia was 10.5%
and 12.7% among men and 7.13%, and 16.5% in women,
respectively. The prevalence of sarcopenia, and severe
sarcopenia by EWGSOP-2 (with European cut-off points)
were 12.7%, and 13.4%, in men and 5.42%, and 13.7% in
women, respectively. By comparing the three different
criteria, the Cohen’s kappa coefficient between EWGSOP-1
(Iranian cut off points) and EWGSOP-2 (with Iranian cut-off
points) was 0.33 in women and 0.34 in men. Also, the
Cohen’s kappa coefficient between EWGSOP-2 (Iranian cut

Fig. 1 Age-standardized 25
prevalence rates of sarcopenia

according to different definitions 20
in both genders
15
10 I
0

Severe
Sarcopenia

Prevalence (%)

wv

Sarcopenia

EWGSOP 1(Iranian cutoff)

Women 13.6 16.7
H Men 19.7 12.9
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off points) and EWGSOP-2 (with European cut-off points)
was 0.73 and 0.92 among women and men, respectively.

Table 3 also reports the prevalence of each stage of
sarcopenia among four different age groups in different diag-
nostic criteria. The prevalence of sarcopenia was between
3.20% and 16.10% among women in three criteria While the
prevalence of sarcopenia in men was higher than women in all
ages by three criteria. As it highlights, among the oldest pop-
ulation (> =75 years), the prevalence of severe sarcopenia is

. Severe . Severe
Sarcopenia . Sarcopenia .
Sarcopenia Sarcopenia
EWGSOP 2 (Iranian cutoff) EWGSOP 2(European
cutoff)
7.13 16.5 5.42 13.7
10.5 12.7 12.7 13.4



J Diabetes Metab Disord (2020) 19:727-734

731

Table 3

Groups and gender

Prevalence of Sarcopenia according to definition of EWGSOP-1 and EWGSOP-2 by Iranian and European cut- off values in Different Age

EWGSOP V1 (Iranian cutoft)

EWGSOP V2 (Iranian cutoff)

EWGSOP V2 (European cutoff)

Sarcopenia Severe Sarcopenia Sarcopenia Severe Sarcopenia Sarcopenia Severe Sarcopenia
Men (Years)
60-64 11.80 2.50 6.30 2.50 7.70 2.50
(8.25-16.15) (1.01-5.08) (3.80-9.83) (1.00-5.01) (4.92-11.49) (1.00-5.01)
65-69 20.10 5.00 10.10 4.90 12.30 5.90
(16.40-24.32) (3.14-7.59) (7.42-13.39) (3.08-7.45) (9.30-15.77) (3.85-8.58)
70-74 20.00 12.30 10.00 12.00 13.00 12.50
(14.63-26.31) (8.04-17.76) (6.22-15.02) (7.84-17.33) (8.67-18.47) (8.26-17.90)
>75 27.50 38.20 16.30 38.10 19.00 39.30
(22.06-33.46) (32.21-44.57) (11.94-21.42) (32.07-44.40) (14.39-24.45) (33.22-45.61)
‘Women (Years)
60-64 11.50 7.90 4.90 7.80 3.20 3.87
(8.15-15.64) (5.12-11.52) (2.74-7.88) (5.04-11.34) (1.55-5.85) (2.02-6.66)
65-69 16.10 10.00 8.30 9.90 6.40 6.60
(12.99-19.56) (9.13-14.97) (6.08-11.04) (7.43-12.77) (4.43-8.85) (4.60-9.07)
70-74 14.80 25.00 8.00 25.00 6.30 20.50
(9.88-20.89) (18.79-32.07) (4.42-12.99) (18.79-32.07) (3.16-10.91) (14.76-27.18)
>175 10.00 37.00 6.90 36.80 5.60 37.70
(6.44-14.62) (30.70-43.55) (4.01-11.00) (30.57-43.37) (3.03-9.43) (31.40-44.25)

EGWSOP; European Working Group on Sarcopenia in Older People

higher than the other age groups in both genders using all three
criteria.

Table 4 shows the results of the logistic regression model to
define the associate variables with sarcopenia. In all
sarcopenia definitions, getting older increases the odds of
sarcopenia in both genders. In both sexes, sarcopenia was
more likely in individuals with high-fat mass in all definitions
(OR between 2.17 and 3.06 in men, 3.91 and 5.42 in women).
As expected BMI is inversely associated with sarcopenia, as
having sarcropenia is less likely with increasing BMI in all
definitions among both genders. Moreover, having physical
activity decreases the odds of sarcopenia in all definitions.

Discussion

This study was performed to evaluate the prevalence and as-
sociated factors of sarcopenia defined the EWGSOP-2 and 1
criteria with different cut-offs in Iranian community-dwelling
adults. The prevalence sarcopenia based on EWGSOP-1(with
Iranian cut-off points) was 13.6% in women and 19.7% in
men respectively. Similar results were found in other our
study in Iran that showed a prevalence of about 21% in men
and 15% among women, respectively [20].

The prevalence sarcopenia based on EWGSOP-2(with
Iranian cut-off points) was 7.13% in women and 10.5% in
men and based on EWGSOP-2(with European cut-off points)
was 5.42% and 12.7% among women and men, respectively.
Until the time of writing this article, none study found the
prevalence of sarcopenia with the EWGSOP-2 criteria in Iran.

According to the difference in the prevalence of sarcopenia
between the two consensus, EWGSOP-1 criteria utilized low
muscle mass as the main diagnostic factor and EWGSOP-2
emphasized low muscle strength as a major component of
sarcopenia. Also, some studies have shown that muscle
strength is a better predictor of adverse results such as poor
quality of life, disability, and mortality than muscle mass [15,
21, 22].

In this study, we found that EWGSOP2- defined
sarcopenia prevalence was lower than that defined using
EWGSOP-1 criteria due to different diagnostic factors to de-
tect sarcopenia. Based on EWGSOP-2 criteria, low muscle
performance was used only to classify the severe sarcopenia,
while people with low muscle mass with low muscle perfor-
mance without low strength would be classified as sarcopenia
using the EWGSOP-1 criteria. Besides, the variation in prev-
alence between EWGSOP-1 and 2 was due to the difference
between cut off values for muscle mass and strength in both
gender. On the other hand, EWGSOP and AWGS recom-
mended the use of reference values of SMI and muscle
strength of the same population to get valid cut-off points to

@ Springer
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Table 4 The odds ratio of independent associate factors for sarcopenia defined by EWGSOP-1 and EWGSOP-2 using Iranian and European cut- off

values in Different genders

EWGSOP-V1 EWGSOP-V2 EWGSOP-V2

(Iranian cutoff) (Iranian cutoff) (European cutoff)

OR(95% CI) P- Value OR(95% CI) P- Value OR(95% CI) P- Value

Men
Age 1.14(1.11-1.17) <0.001 1.14(1.11-1.17) <0.001 1.13(1.10-1.16) <0.001
Body mass index (Kg/m?) 0.73(0.67-0.80) <0.001 0.75(0.71-0.86) <0.001 0.77(0.71-0.84) <0.001
Waist circumference(cm) 1.03(0.99-1.06) 0.065 1.02(0.99-1.05) 0.156 1.02(0.99-1.05) 0.093
Hip circumference(cm) 0.95(0.92-0.98) 0.004 0.95(0.91-0.98) 0.016 0.94(0.90-0.97) 0.001
High Fat mass (Kg) 2.17(1.47-3.20) <0.001 2.47(1.64-3.69) <0.001 3.06(2.01-4.64) <0.001
Smoking (%) Not included Not included Not included
Physical activity (%) 0.41(0.28-0.61) <0.001 0.48(0.31-0.75) 0.001 0.52(0.35-0.79) 0.002
Education(Yr) 0.98(0.95-1.01) 0.199 0.95(0.92-0.98) 0.006 0.96(0.93-0.99) 0.010
Triglyceride (mg/dl) 1.00(0.99-1.04) 0.056 1.00(0.99-1.004) 0.126 Not included
Women

Age 1.03(1.00-1.06) 0.057 1.05(1.02-1.08) <0.001 1.10(1.07-1.13) <0.001
Body mass index (Kg/m?) 0.55(0.51-0.60) <0.001 0.58(0.54-0.63) <0.001 0.64(0.60-0.69) <0.001
Waist circumference(cm) Not included Not included Not included
Hip circumference(cm) Not included Not included Not included
High Fat mass (Kg) 5.42(3.38-8.71) <0.001 3.91(2.44-6.27) <0.001 4.21(2.58-6.86) <0.001
Smoking (%) 1.48(0.91-2.41) 0.116 Not included Not included
Physical activity (%) Not included 0.61(0.39-0.95) 0.015 0.70(0.44-1.12) 0.137
Education (Yr) 0.95(0.91-0.99) 0.036 0.95(0.90-0.99 0.026 0.96(0.91-1.01) 0.100
Triglyceride(mg/dl) Not included Not included Not included

EGWSOP; European Working Group on Sarcopenia in Older People

improve the diagnosis of sarcopenia[l, 6]. In order to fill the
gap of cut- off points of components sarcopenia in the Iranian
population, a study was conducted to determine cut-off points
of low muscle mass which lead to reference values in Iranian
people. Calculated cutoff values of low SMI were 7.0 Kg/m®
and 5.4 Kg/m” among Iranian men and women, respectively
which were alike to AWGS recommendation [6]. Therefore,
in the current study, we compare the prevalence of sarcopenia
by the EWGSOP-1 and 2 with Iranian and European cut off
points. Although all cutoffs of muscle mass are the same in
EWGSOP-1 and EWGSOP-2 (both with Iranian cut off), it
seems that Priority muscle strength to muscle mass leads to a
lower prevalence of sarcopenia by EWGSOP-2 definition in
both genders. Similar results were found in another study that
showed a prevalence of 4% based on EWGSOP-2 definition
vs. 14% by EWGSOP-1 criteria in a Brazilian population [23].
Also, Yang et al. found that the prevalence of EWGSOP-2-
defined sarcopenia was lower than that defined by the
EWGSOP-1 in both genders [9].

Our study showed the low agreement between the
EWGSOP-1 and EWGSOP-2 criteria with Iranian cut off
points. In addition, the EWGSOP-2 with European cut off
points had a higher agreement with EWGSOP-1 with Iranian
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cut off points because update cut points for the EWGSOP-2
criteria were closer to the Iranian cut off points.

Some publications have shown low to moderate agreement
between EWGSOP-1 and revised EWGSOP-2 definition [24,
25]. A study in a Chinese older people found the kappa value
0.32 and 0.37 among men and women similar to our results [9].

Our findings are in agreement with other studies indicating
that the older age, high fat mass, physical activity, lower BMI
were independently associated with sarcopenia in both gen-
ders regardless of the definitions [20, 26]. It seems that there is
no difference in sarcopenia associated- factors between
EWGSOP-1 and revised EWGSOP-2 definition in our popu-
lation. However, further prospective studies need to confirm
that the EWGSOP-2 operational definition is more suitable
than other criteria to guide clinical practice and scientific re-
search. In all models, age was an important factor with an
increase of about 5 to 14 percent in the prevalence of
sarcopenia in both genders. Evidences indicated a decline of
muscle mass, strength, and physical function begin in the third
decade of life and more rapidly in the fifth decade of life [4,
27]. Lifestyle factors such as physical inactivity, smoking, and
poor diet have been shown to be the risk factors for muscle
mass and muscle function [28]. In our results, fat mass was a
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stronger factor which stayed in both sexes independent of
BMI. Scientific evidence indicates that BMI does not address
adipose tissue or distinguish between lean and fat mass, and
different methods are required to indicate body adiposity [29].
In this regard, the percentage of fat mass is a real measure of
adiposity tissue since it has been demonstrated to be related to
metabolic dysregulation, regardless of body weight [30].
Sarcopenia characterized by fat infiltration into muscle, an
expansion in fibrosis, changes in muscle metabolism, oxida-
tive stress, and degeneration of the neuromuscular junction.
This finally leads to progressive loss of muscle quality and
function [31]. These results clarify why a more elevated level
of BMI, with more muscle mass and less fat mass, decreases
the risk of sarcopenia.

In this study, some limitations should be recognized. The
cross-sectional design limited the possibilities of determining
the most optimal cut off values and suitable definition through
outcome-based approaches. Also, further research with a lon-
gitudinal design is required to recognize any causal relation-
ship. This study with a great sample size from a population-
based study provided data on musculoskeletal disorders such
as sarcopenia in Iran.

Conclusions

This study is the first study to compare the prevalence of
sarcopenia using the EWGSOP-1 and 2 criteria in Iran.
Different diagnostic approaches and cut off points of components
of sarcopenia have made a substantial impact on the prevalence of
sarcopenia. Some adverse outcomes should be taken into the
account for estimating the Iranian probable sarcopenia in order
to compare the accuracy of EWGSOP-1 and EWGSOP-2.
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