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Abstract
Introduction. The study aim was to estimate the prevalence of sarcopenia in community-dwelling Nigerian older adults using 
the Asian Working Group for Sarcopenia (AWGS) and the revised European Working Group on Sarcopenia in older People 
(EWGSoP2) references.
Methods. A total of 767 community-dwelling older adults aged  60 years were recruited for the study. Sarcopenia was defined 
in accordance with the AWGS and EWGSoP2 references.
Results. As for the AWGS reference, 24.4% (95% Ci: 21.4–27.6) of older adults had sarcopenia and the prevalence was signifi-
cantly similar between men and women (p = 0.18); whereas with the EWGSoP2 reference, 36.2% were classified as having 
sarcopenia and the prevalence was significantly higher in men (p < 0.001). The agreement between the AWGS and EWGSoP2 
criteria in estimating the prevalence of sarcopenia was moderate (  = 0.591), with EWGSoP2 showing higher sensitivity (0.882). 
in accordance with the 2 references, the multivariable logistic regression showed that age was consistently associated with 
increased odds of sarcopenia, whereas female gender, muscle strength, and physical performance were significantly associated 
with decreased odds of sarcopenia in older adults (p < 0.001).
Conclusions. The EWGSoP2 reference, compared with the AWGS reference, is more likely to identify older individuals with 
sarcopenia. Both references showed that muscle strength and physical performance were associated with a decreased risk of 
sarcopenia. Clinicians may use the EWGSoP2 reference criteria for early diagnosis and management of sarcopenia in older adults.
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Introduction

The prevalence of sarcopenia is on the increase and is 
becoming a public health concern [1]. older people aged  
 65 years are more susceptible to sarcopenia, which causes 

severe geriatric syndromes, such as falls and fractures [2, 3], 
loss of functional independence [4], and long-term mortality 
[5]. The term ‘sarcopenia’ is used by the European Working 
Group on Sarcopenia in older People (EWGSoP1) [6] and 
the 2014 Asian Working Group for Sarcopenia (AWGS) [7] to 
denote a progressive decline in muscle mass and muscle 
function (muscle strength or muscle performance). Prevalence 
estimates derived from these 2 references in older adults 
aged  60 years have been well described [8–10].

data collected among Korean rural-dwelling older adults 
aged  70 years by using the AWGS reference indicated that 
21.3% of men and 13.8% of women had sarcopenia [8]. 
Also, a recent systematic review of Japanese rural-dwelling 
older adults showed that about 10% (95% Ci: 6.2–15.4%) of 
participants had sarcopenia [11]. Results from the Newcastle 
85+ Study [12] and research by Lera et al. [10], which were 
based on EWGSoP1, indicated a prevalence of sarcopenia 
of 21% and 19.1%, respectively.

Given the burden of sarcopenia in older adults, there has 
been a call for early diagnosis and management [13]. How-
ever, the existence of different definitions and cut-off point 
values for sarcopenia in older adults remains a major con-
straint. For example, in the revised EWGSoP2 reference, sar-
copenia is defined as low muscle strength and either low 

muscle mass or low physical performance [13], whereas in 
AWGS 2014 reference, sarcopenia is defined as low muscle 
mass and either low muscle strength or low physical perfor-
mance [7]. From a cut-off values perspective, the values used 
to define sarcopenia vary depending on reference criteria and 
gender. According to the AWGS reference criteria, low muscle 
mass (defined as appendicular skeletal muscle mass index) 
is < 6.66 kg/m2 for males and < 5.24 kg/m2 for females [14]. 
in the same AWGS reference, low muscle strength is classified 
as handgrip strength of < 24.8 kg for males and < 15.0 kg for 
females and gait speed of < 0.8 m/s [14]. The EWGSoP2 
reference, in contrast, used different cut-off values for sar-
copenia in older adults. The cut-off values for low muscle 
mass are < 7.0 kg/m2 for males and < 6.0 kg/m2 for females. 
in the EWGSoP2 classification, low muscle strength (hand-
grip strength) is < 27 kg for males and < 16 kg for females, 
while low physical performance (gait speed) is classified as 
 0.8 m/s [13].

Furthermore, regarding the risk factors of sarcopenia in 
older adults, there are no specific patterns associated with 
sarcopenia with either the AWGS or EWGSoP reference 
criteria. Advancing age is a dominant factor related with an 
increased risk of sarcopenia in older adults [15–18]. in addi-
tion, education level has shown an inverse association with 
sarcopenia in older adults [19]. However, the influence of 
body mass index (BMi) on the risk of sarcopenia is not clear. 
For example, Landi et al. [20] and Yu et al. [16] observed that 
high BMi conferred a protective effect on the risk of sarco-
penia. in contrast, Murphy et al. [17] and Foley et al. [15] 
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found that overweight was associated with the risk of sar-
copenia.

in consequence of the nonexistence of a harmonized 
definition of sarcopenia, each reference standard generates 
different estimates of the condition in older adults [8, 10]. The 
lack of a reference standard for and therefore different refer-
ence criteria for classifying sarcopenia may hamper the early 
screening of this condition in clinical practice. Unfortunately, 
the situation is much worse in Africa, where, in spite of the 
increasing proportions of older adults with sarcopenia [21, 22], 
there is no reference criterion specifically developed for the 
African population. Until an African reference criterion is de-
veloped, researchers and clinicians from Africa will continue 
to use the reference criteria developed elsewhere. Presently, 
there is limited information regarding which reference stan-
dard will generate more conservative estimates of sarcopenia 
among older adults in this region. Therefore, the present study 
was conducted to determine the prevalence of sarcopenia 
among older adults in Northern Nigeria using the AWGS and 
the revised EWGSoP2 references.

Subjects and methods

Study sample

This was a cross-sectional study of community-dwelling 
older adults aged  60 years in selected rural communities 
in the North-Western and North-Eastern regions of Nigeria. 
The study population was comprised of predominantly native 
Hausa older adults aged  60 years who had lived in the 
selected rural communities for at least 12 months and who 
were traditionally engaged in farming activities.

Sampling technique and recruitment

The elders in the selected communities were approached 
and informed about the study. The community elders facili-
tated the use of the community hall as a meeting point for 
recruitment and collection of data. individuals living with 
stroke, physical disabilities, severe arthritis, hearing difficul-
ties, or cognitive impairment were excluded from the study.

Sample size estimation

The sample size for the study was estimated by using the 
G*Power sample size estimation (version 3.1.9.4 for Mac). 
Fisher’s exact test for proportions on 2 independent groups 
was selected. The required sample size inputs were com-
puted a priori as follows: tail: 2 – proportions p1 (7.1%) and 
proportions p2 (2.8%) (based on previous prevalence of sar-
copenia in Nigeria for men and women, respectively) [22], at 
type i error = 0.05, power = 0.80, critical z = 1.959, and alloca-
tion ratio (p1/p2) of 1. Therefore, a total sample size of 798 
participants was projected for the study.

data collection

Participants who met the inclusion criteria of age and 
geography were purposefully selected for the study. Strate-
gies for recruitment into the study included free weight and 
blood pressure assessment. Those with high blood pressure 
on 2 consecutive days were referred to nearby community 
health centres for further assessment and management; par-
ticipants who were overweight or obese were given weight 
reduction and diet education. in order to conform with the 

islamic religious practice of non-mixing of women and un-
related men in a predominantly Muslim population, male and 
female participants were recruited on different days of the 
week. Trained research assistants and researchers stationed 
at the community hall collected data from 800 participants 
from September 2019 to January 2020.

Measurements

Anthropometry

Body weight and height were measured in accordance 
with the standards of the international Society for the Ad-
vancement of Kinanthropometry [23]. Prior to the assess-
ments, all participants wore light clothing and remained bare-
foot. Height was evaluated to the nearest 0.1 cm by using 
a stadiometer in an upright position with the head in the 
Frankfort plane, and body weight to the nearest 0.1 kg on 
calibrated bathroom scales. BMi was estimated and cate-
gorized into: underweight: < 18.5 kg/m2; normal weight: 
18.5–24.9 kg/m2; overweight: 25–29.9 kg/m2; and obese:  
 30 kg/m2.

Assessment of sarcopenia components

A bioelectrical impedance analysis (BiA) machine (Tani-
ta ironman® Full Body Composition Monitor, model BC-549 
plus) was used to measure the participants’ weight (kg), body 
fat percent (%), total body water percent (%), muscle mass 
(kg), visceral fat (%), and resting basal metabolic rate (kcal). 
To ensure accuracy of the readings, all participants had to 
remove socks or stockings and be sure that their soles were 
clean. They then stood erect on the machine with the heels 
correctly positioned with the electrodes. All variables were 
measured twice and average values were used for analysis.

Muscle mass. We applied the Tanita muscle quality judge-
ment chart to categorize muscle mass depending on age and 
sex (Figure 1). Muscle mass was then dichotomized into: 
1 – normal muscle mass (for high and average) and 0 – low 
muscle mass (for low).

Muscle strength. Handgrip strength was used to evalu-
ate muscle strength. Handgrip strength (dominant hand) 
was measured in accordance with the 2015 guidelines of 
the American Society of Hand Therapists [24] with a Jamar 
hand dynamometer (Sammons Preston inc., Bolingbrook, 
USA). The participant was asked to sit on a chair with the 
elbow flexed at 90°, the forearm in the neutral position, and 
the wrist in 0–30° dorsiflexion. Three readings were taken of 
the dominant hand and the average was used for the analy-
sis. on the basis of the AWGS reference, a handgrip strength 
of < 24.8 kg for men and < 15.0 kg for women was catego-
rized as low muscle strength and values above these were 
categorized as normal muscle strength. in EWGSoP2, a grip 
strength of < 27 kg for men and < 16 kg for women is catego-
rized as low handgrip strength.

Physical performance. The 4-m gait speed test was used 
to determine physical performance [25]. A 4-m walk test was 
performed indoors, with a 4-m long walking course with a con-
crete surface. The participants were instructed to walk at their 
usual pace while trained research assistants used a stop-
watch to record the time it took to complete the 4-m walk. 
Subjects using a walking stick were allowed if it formed part 
of their daily life. According to the AWGS reference, gait speed 
values of < 0.8 m/s for both genders were categorized as 
low physical performance. The EWGSoP2 reference cate-
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gorized participants with gait speed  0.8 m/s as ‘0: low gait 
speed’ and those with gait speeds > 0.8 m/s as ‘1: normal 
gait speed’.

definition of sarcopenia

AWGS

Sarcopenia = low muscle mass + either low muscle strength 
or low physical performance.

EWGSOP2

Sarcopenia = low muscle strength + either low muscle mass 
or low physical performance.

data analysis and statistics

descriptive statistics for age, anthropometric variables, 
and sarcopenia components were presented as averages 
and standard deviations. Gender comparisons of these vari-
ables (anthropometric and sarcopenia components) were 
tested with the independent t-test. Sex- and age-specific 
prevalence of sarcopenia was presented as percentages and 
corresponding 95% confidence intervals. The receiver op-
erating characteristic curve was determined to illustrate the 
sensitivity and specificity of the AWGS and EWGSoP2 ref-
erences. The kappa statistic was applied to determine the 
strength of agreement between the AWGS and EWGSoP2 
references. Multivariate logistic regression (stepwise forward 
selection method) served to determine the contribution of each 
of age, sex, BMi, handgrip strength, muscle mass, physical 
performance, body fat percent, resting basal metabolic rate, 
visceral fat, and total body water to the presence of sarcope-
nia. Assumptions for logistic regression for multicollinearity 
(variance inflation factor), model fit (omnibus test, Hosmer-
Lemeshow test), and potential outliers were checked. data 
were analysed with the Statistical Package for the Social 
Sciences (SPSS) version 22 and the significance level (alpha 
level) was set at 0.05.

Ethical approval
The research related to human use has complied with all 

the relevant national regulations and institutional policies, has 

followed the tenets of the declaration of Helsinki, and has 
been approved by the Kano State Ministry of Health (approval 
No.: AKTH/MAC/SUB/12A/P-3/Vi/2110) and Bauchi State 
Ministry of Health (approval No.: NREC/12/05/2013/2019/50).

Informed consent
informed consent has been obtained from all individuals 

included in this study.

Results

Participant’s characteristics

data of 767 participants, representing about 96% of the 
response rate, were used for analysis. demographic, anthro-
pometric, and sarcopenia components data of the 767 older 
adults aged  60 years and the proportion of men and women 
who participated in the study are presented in Table 1. The 
mean age of the participants was 68.53 ± 8.40 years. Men 
were taller and heavier, as well as presented significantly 
higher mean values for handgrip strength, muscle mass, and 
gait speed, but women had higher mean values for body fat 
(p < 0.05).

Prevalence of sarcopenia

overall, on the basis of the AWGS reference, the preva-
lence of sarcopenia was 24.4% (95% Ci: 21.4–27.6), similar 
in men (26.4%) and women (22.2%). in turn, as defined by the 
EWGSoP2 reference, it varied between 32.8% and 39.7% 
(Table 2). The prevalence in accordance with the EWGSoP2 
criteria was significantly higher in men (49.2%) compared with 
women (22.3%) (p < 0.001). When comparing the accuracy 
of AWGS and EWGSoP2 in detecting the presence or ab-
sence of sarcopenia, AWGS had a sensitivity of 59.4% and 
specificity of 95.5%, whereas EWGSoP2 presented a sensi-
tivity of 88.2% and specificity of 80.6% (Figure 2). The consis-
tency of AWGS and EWGSoP2, which was presented as 
kappa coefficient ( ), indicated a moderate agreement (r = 0.59) 
between the 2 references in estimating the prevalence of sar-
copenia (p = 0.001) (Table 2).

Figure 1. Tanita muscle quality judgement. Tanita BC-549 plus body composition monitor. Available from: https://www.tanita.com
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Table 1. demographic, anthropometric, and sarcopenia components data of the community-dwelling older adults

Characteristics
Total

mean ± SD
Men

mean ± SD
Women

mean ± SD

n 767 394 (51.4%) 373 (48.6%)

Age (years) 68.53 ± 8.40 68.73 ± 8.44 68.32 ± 8.36

Height (m) 1.61 ± 0.09 1.67 ± 0.08* 1.55 ± 0.06

Weight (kg) 58.93 ± 12.12 61.59 ± 11.39* 56.13 ± 12.25

Body mass index (kg/m2) 22.71 ± 4.32 22.32 ± 3.90* 23.13 ± 4.70

Handgrip (kg) 21.60 ± 7.37 24.02 ± 8.13* 19.03 ± 5.38

Muscle mass (kg) 39.75 ± 7.87 43.91 ± 7.56* 35.34 ± 5.41

Gait speed (m/s) 0.74 ± 0.21 0.75 ± 0.21 0.72 ± 0.22

Body fat (%) 24.07 ± 9.7 18.57 ± 7.15* 29.82 ± 8.63

Resting metabolic rate (kcal) 1329.7 ± 211.04 1436.69 ± 180.49* 1217.86 ± 180.63

Visceral fat (%) 8.83 ± 3.30 9.69 ± 3.55* 7.93 ± 2.75

Total body water (%) 52.35 ± 8.08 56.51 ± 6.26* 48.40 ± 7.62

* p < 0.05

Table 2. Age- and sex-standardized prevalence of sarcopenia 
and comparison of agreement between the AWGS and  

EWGSoP2 criteria in the community-dwelling older adults

Variable
AWGS

% (95% Ci)
EWGSoP2
% (95% Ci)

overall 24.4 (21.4–27.6) 36.2 (32.8–39.7)

Sex

Male 26.4 (22.1–31.0) 49.2 (44.2–54.3)

Female 22.2 (18.1–26.8) 22.3 (18.1–26.9)

p for difference 0.180 0.001

Age (years)

60–74 17.9 (14.8–21.3) 28.6 (24.9–32.5)

75–84 42.7 (34.6–51.0) 57.7 (49.4–65.8)

> 84 47.6 (32.0–63.6) 64.3 (48.0–78.4)

p for difference 0.001 0.001

diagnostic property

Sensitivity (%) 59.4 88.2

Specificity (%) 95.5 80.6

Kappa statistic,  
p for difference

(r = 0.591) (p = 0.001)

AWGS – Asian Working Group for Sarcopenia,  
EWGSoP2 – European Working Group on Sarcopenia  
in older People

Figure 2. Receiver operating characteristic (RoC) curve for Asian Working Group for Sarcopenia 
(AWGS 2019) vs. European Working Group on Sarcopenia in older People (EWGSoP2)
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Risk factors

in the multivariate logistic regression defined by the AWGS 
reference criteria, age (  = 1.05; 95% Ci: 1.01–1.10) and 
primary education (  = 2.96; 95% Ci: 1.12–7.84) were sig-
nificantly associated with increased odds of sarcopenia. in 
contrast, female gender (  = 0.22; 95% Ci: 0.07–0.66), 
handgrip strength (  = 0.74; 95% Ci: 0.7–0.8), and physical 
performance (  = 0.002; 95% Ci: 0.001–0.006) were all sig-
nificantly associated with a decreased risk of sarcopenia. For 
the EWGSoP2 reference, age (  = 1.05; 95% Ci: 1.00–1.09) 
and resting metabolic rate (  = 1.002; 95% Ci: 1.00–1.005) 
were associated with sarcopenia. However, similar to the 
AWGS reference, female gender (  = 0.03; 95% Ci: 0.01–0.10), 
handgrip strength (  = 0.7; 95% Ci: 0.66–0.75), and physical 
performance (  = 0.03; 95% Ci: 0.01–0.07) were associated 
with a decreased risk of sarcopenia (Table 3).

Discussion

The present study provided cross-sectional data on com-
munity-dwelling older adults (aged  60 years) in Northern 
Nigeria. Prevalence estimates and factors associated with 
sarcopenia according to 2 reference criteria were compared. 
The research showed that the prevalence estimates for sar-
copenia in the community-dwelling older adults were high, 
with higher values for the EWGSoP2 reference compared 
with AWGS. This finding is inconsistent with Asian studies, 
which found that EWGSoP2 identified fewer individuals with 
sarcopenia compared with AWGS [19, 26]. A difference in 
sarcopenia prevalence is expected if different tools are em-
ployed to estimate muscle mass. For instance, Pang et al. [26] 
used dual-energy X-ray absorptiometry (dEXA), while BiA 
was applied in the present study. Previous studies have 
highlighted that the prevalence of sarcopenia is lower when 
dEXA is used to measure muscle mass [1, 27]. Compared 
with BiA, dEXA is considered to be a more accurate measure 

of muscle mass but is not widely used in large community-
based research because of lack of accessibility and afford-
ability; BiA is generally preferable [13].

in addition, prevalence estimates based on the 2014 
AWGS criteria did not differ by gender, whereas prevalence 
estimates based on EWGSoP2 were higher in men compared 
with women. Regardless of the reference criteria used, men 
have been consistently shown to have higher prevalence of 
sarcopenia than women [8, 14, 19]. A primary mechanism 
explaining the higher prevalence of sarcopenia in men is that 
the levels of insulin-like growth factor 1 and testosterone de-
crease rapidly, resulting in loss of lean mass, strength, and 
function – factors associated with sarcopenia [28].

it was also identified that the EWGSoP2 reference was 
more likely to identify older adults with sarcopenia than the 
AWGS reference (88.2% vs. 59.2%). in the present study, 
we observed a moderate agreement (  = 0.59) between AWGS 
and EWGSoP2 in identifying adults with sarcopenia. in com-
parison, Yang et al. [19] found that the agreement between 
EWGSoP2 and AWGS in identifying older adults with sar-
copenia ranged 0.16–0.60 in men and 0.19–0.51 in women. 
This observation highlights the need to exercise caution 
when comparing the prevalence estimates obtained with 
the EWGSoP2 and AWGS reference criteria. Moreover, the 
revised EWGSoP2 considers muscle strength to be diag-
nostically more important than muscle mass in assessing 
sarcopenia in older adults. The observed high sensitivity and 
specificity of EWGSoP2 in identifying older adults with sar-
copenia could support its widespread use among clinicians 
and researchers in this population.

This study also assessed factors associated with in-
creased risk of sarcopenia in older adults, for both the AWGS 
and EWGSoP2 references. our analysis showed that ad-
vancing age, female gender, handgrip strength, and physi-
cal performance might explain the difference in sarcopenia 
prevalence in older adults. A study has revealed that poor 
muscle strength and physical performance are diagnostic 

Table 3. Results of binary logistic regression model of risk factors for sarcopenia in older adults (  60 years)

Variable
AWGS EWGSoP2

odds ratio (95% Ci) p odds ratio (95% Ci) p

Age 1.05 (1.01–1.10) 0.025* 1.05 (1.00–1.09) 0.023*

Sex (female) 0.22 (0.07–0.66) 0.007* 0.03 (0.01–0.10) 0.001*

Education (primary) 2.96 (1.12–7.84) 0.03* 1.7 (0.69–4.21) 0.25

Education (secondary) 2.14 (0.54–8.55) 0.28 2.97 (0.78–11.28) 0.11

Education (tertiary) 0.65 (0.13–3.35) 0.61 0.75 (0.14–4.06) 0.73

Body mass index 1.02 (0.91–1.16) 0.72 0.98 (0.88–1.09) 0.77

Handgrip strength 0.74 (0.70–0.80) 0.001* 0.7 (0.66–0.75) 0.001*

Physical performance 0.002 (0.001–0.006) 0.001* 0.03 (0.01–0.07) 0.001*

Muscle mass 1.01 (0.94–1.09) 0.71 1.00 (0.96–1.09) 0.53

Body fat 1.01 (0.95–1.07) 0.71 1.02 (0.97–1.08) 0.42

Resting metabolic rate 1.00 (0.99–1.00) 0.26 1.002 (1.000–1.005) 0.04*

Visceral fat 0.95 (0.81–1.11) 0.49 1.00 (0.86–1.16) 0.96

Total body water 0.99 (0.95–1.05) 0.89 0.98 (0.94–1.03) 0.48

AWGS – Asian Working Group for Sarcopenia, EWGSoP2 – European Working Group on Sarcopenia in older People
* significant values
AWGS: omnibus (chi-square) = 393.27, p < 0.001; Cox-Snell R2 = 45.4%, Nagelkerke R2 = 66.3%
EWGSoP2: omnibus (chi-square) = 460.48, p < 0.001; Cox-Snell R2 = 50.9%, Nagelkerke R2 = 68.9%
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components of sarcopenia; however, maintenance of good 
muscle strength and physical performance through resis-
tance and aerobic exercises can mitigate the impact of sar-
copenia in older adults [29].

Limitations

The findings in this study should be interpreted in the 
light of the following limitations. First, in this population, it was 
difficult to establish the actual date of birth of the participants. 
dates of birth had to be estimated on the basis of some past 
notable events in the community; thus, the accurate average 
age of the subjects could not be ascertained. Second, there 
are no known muscle mass prediction models for sub-Saha-
ran Africans, and therefore we were unable to estimate the 
skeletal muscle index using the BiA-predicted skeletal muscle 
mass equation developed for European populations. We 
therefore estimated the muscle mass from the guidelines pro-
vided by the Tanita muscle quality judgement chart (Figure 1).

Conclusions

This study indicates that the EWGSoP2 reference is 
more likely to identify sarcopenia in older adults than the 
AWGS reference; however, both references showed that 
muscle strength and physical performance were associat-
ed with a decreased risk of sarcopenia. Clinicians from this 
region may therefore use the EWGSoP2 reference criteria 
for early diagnosis of sarcopenia in older adults.
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