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Abstract: Background: Sarcopenia is the progressive loss of mass and skeletal muscle strength and has
serious consequences on older people’s health. The Chilean older population has a high life-expectancy, but
the prevalence of functional dependence is also high. Objective: To determine the prevalence of sarcopenia in
Chilean older adults and its relationship with age, gender, and body mass index (BMI). Design: Cross-sectional
study. Setting: Community. Participants: 1,006 non-disabled, community-dwelling subjects aged 60 years or
older living in Santiago. Measurements: Anthropometric measurements, handgrip strength, physical performance
tests, and dual-energy-x-ray-absorptiometry (DXA) scan were performed. Sarcopenia was defined using the
algorithm of the European Working Group on Sarcopenia in Older People (EWGSOP). Muscle mass was
measured with DXA scan; skeletal muscle mass index (SMI) and hand dynamometry were defined with cut-off
points obtained for the Chilean population. For a 3m walking speed we used the cut-off point of the EWGSOP
definition. Nutritional status and obesity were defined according to World Health Organization standards.
Association between sarcopenia and age, gender, BMI and lean/fat mass ratio was estimated by logistic
regression models. Results: The prevalence of sarcopenia was 19.1% (95%CI: 16.8%-21.8%), similar in men and
women. There was an increasing trend of sarcopenia by age group and a decreasing trend with nutritional status.
After logistic regression, sarcopenia was positively associated with age (OR=1.10; 95%CI:1.06-1.15) and falls
(OR=1.83; 95%CI:1.07-3.15) and negatively associated with overweight (OR=0.31; 95%CI:0.16-0.59), obesity
(OR=0.02; 95%CI:0.004-0.11), lean mass/fat mass ratio (OR=0.69; 95%CI:0.48-0.9997), knee height (OR=0.78;
95%CI:0.68-0.89) and calf circumference (OR=0.87; 95%CI:0.77-0.97). Conclusions: The total prevalence of
sarcopenia was 19.1% increasing with age reaching 39.6% in people of 80 or more years of age. A negative
association of sarcopenia with overweight, obesity and lean/fat mass ratio was observed. Although the high
prevalence of obesity (35.9%), only 2% of obese people were sarcopenic.
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Introduction
Sarcopenia is a characteristic of biological ageing that
involves a progressive loss of mass and skeletal muscle strength
and has a serious impact on the health of older people (1–3).
Considering that sarcopenia is mainly an age-associated
syndrome, in fast aging countries with large socioeconomic
inequalities such as Latin American countries, the adverse
consequences of this syndrome can be immense. Chile has a
life expectancy at birth comparable to the developed world,
reaching 82.2 for women and 78.5 for men in the period 2010–
2015. However, the prevalence of functional dependence is also
high, mainly in people of low socioeconomic status (4).
The prevalence of sarcopenia varies according to age group
and the criteria used. The wide variation reported ranged
from 13.5% to 25% in people under 70 years and from 25%
to 60% in people over 80 years of age (5, 6) and is probably
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due to a lack of specific cut-off points for population from
different ethnic backgrounds and the different techniques used
for assessing muscle mass. Muscle mass can be measured with
a dual-energy x-ray absorptiometry (DXA) scan, magnetic
resonance imaging or Bioimpedance analysis (1). A DXA scan
is the most commonly used as gold standard (7).
In 2010, the European Working Group on Sarcopenia
in Older People (EWGSOP) developed a practical clinical
definition and consensus diagnostic criteria by means of a
diagnostic algorithm. The EWGSOP defines sarcopenia as “a
syndrome characterized by progressive and generalized loss
of skeletal muscle mass and strength with a risk of adverse
outcomes such as physical disability, poor quality of life and
death” (1).
The diagnostic algorithm is based on a screening in series
where muscle function (physical performance and strength
muscle) is evaluated first. If the subject has low muscle
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function, then it is necessary to evaluate body composition, in
particular appendicular skeletal muscle mass (ASM) (1). Using
the definition of the EWGSOP, the recently published review
(6) reported a prevalence of sarcopenia varying between 1%
and 30%. Considering that the racial, ethnic composition, and
morphological characteristics of the Latin American population
differs from the European (8), we used cut-off points of muscle
mass measured by DXA scan and muscle strength obtained in a
large Chilean population (9). The objective of this study was to
calculate the prevalence of sarcopenia and its associated factors
in Chilean older people using the algorithm of the EWGSOP.
Methods
Cross-sectional study in 1,006 (68.3% female) communitydwelling, non-disabled subjects ≥60 years living in Santiago
and participating in ALEXANDROS and ISAmayor studies (4,
10).
After signing an informed consent approved by the ethics
committee of the Institute of Nutrition and Food Technology,
all subjects underwent face-to-face interviews including selfreported chronic diseases (hypertension, diabetes, cancer,
COPD, stroke), self-reported functional limitations, and selfperceived symptoms of depression measured by the Short Form
of the Geriatric Depression Scale (GDS-15).
A DXA scan was performed in the whole sample in order
to assess body composition. Handgrip strength was measured
by means of handgrip dynamometry (Hand Dynamometer
T-18, Country Technology, Inc.), registering the best of two
measurements with the dominant hand. Three meters walking
speed was registered. Anthropometric measurements of weight,
height, and knee height; as well as waist, hip, calf, and arm
circumferences were done according to methods described
previously (10). Their Appendicular skeletal muscle mass index
(SMI) was calculated as the ratio of ASM and height2 (kg/m2).
Low muscle mass was defined using the 20th percentile (p20)
of SMI calculated on a sample of 565 subjects (9). Nutritional
status and obesity were defined according to World Health
Organization (WHO) standards. Sarcopenia was defined using
the consensus criteria and the algorithm of the EWGSOP
(1). Low SMI was defined with cut-off points obtained for
the Chilean population (men: <7.19 kg/m2; women: <5.77
kg/m2) (9). Low muscle strength was defined with cut-off
points previously determined in a large sample of the Chilean
older population (≤25th percentile: men 27 Kg; 15 Kg women)
(9,11). For three meters gait speed, we used the same cut-off
point defined by the EWGSOP (0.8 m/sec).
Stages of sarcopenia —pre-sarcopenia, sarcopenia, and
severe sarcopenia— were also determined by the suggested
classification of the EWGSOP (1). These are characterized
by low muscle mass (pre-sarcopenia), low muscle mass and
low muscle strength or low physical performance (sarcopenia)
and low muscle mass, low muscle strength and low physical
performance (severe sarcopenia).
13

Statistical analysis
Continuous variables were expressed as mean ± Standard
Deviation (SD) and 95% confidence intervals (95%CI).
Categorical variables were expressed as median or percentages
and 95%CI. The difference between genders was calculated
by a two-sample mean-comparison test or Pearson’s Chi2 test,
depending on the kind of variable. Differences among age
groups and levels of sarcopenia were estimated by Pearson‘s
Chi2 test and by a test for trend across ordered groups. Logistic
regression models were performed to analyze the association
between studied variables (risk factors, age, anthropometric
measurements), adjusted by sex and the presence or absence of
sarcopenia. The Hosmer–Lemeshow test was used to assess the
goodness of fit for the estimated models. The ratio of lean mass
to fat mass was calculated to adjust the relationship between
BMI and sarcopenia.
All statistical analyses were performed using STATA 14
(StataCorp.2015. Stata Statistical Software: Release 14. College
Station, TX: StataCorp LP).
Results
Table 1 shows the socio-demographic, health characteristics,
anthropometric variables, body composition, handgrip strength,
and physical performance tests of the study sample by sex.
Men represented 31.7% of the total sample. The mean age
was similar for men and women (67.7±5.7 and 67.6±6.0 years;
respectively). There were no differences between age groups
by gender. Less than 11% of the older adults lived alone:
8.8% of the men and 10.2% of the women lived alone (nonsignificant). The mean years of education were similar in
men and women (7.5 and 7.7 years; respectively), and the
distribution of the different levels was also similar by sex.
The frequency of one or more disabilities on the Activities of
Daily Living (ADL) was similar in men and women (4.7%
vs 3.9%; respectively), and the percentage of one or more
disabilities on the Instrumental Activities of Daily Living
(IADL) was significantly higher in men than women (17.6%
vs 12.9%). Diabetes and symptoms of depression were similar
in men and women. The percentage of men with zero diseases
was significantly higher than the women’s (39.4% vs 31.6%;
respectively). Men smoked significantly more than women
(19.1% vs 13.1%; respectively). The number of falls and
fractures were significantly higher in women than men (Falls:
37.8% vs 22.9%; Fractures: 18.9% vs 12.9%; respectively).
The BMI was higher in women than men (29.2 kg/m2 vs 27.8
kg/m 2 ; respectively), and consequently the prevalence of
obesity (39.8% vs 27.7%; respectively). Lower handgrip
strength (18.7 kg vs 32.8 kg), ASM (14.4 kg vs 21 kg), SMI
(6.3 kg vs 7.7 kg), lean mass (35.8 kg vs 49.7 kg) and lean
mass/fat mass ratio (1.4 vs 2.5) were found to be lower in
women than in men. Fat mass was higher in women than men
(28.5 kg vs 23.7 kg; respectively). With regard to the physical
performance test (3 meters walking speed), men had higher
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values than women (0.89 m/s vs 0.80 m/s; respectively), with
68.2% of the men and 49.2% of women achieving a speed >0.8
m/sec.
Table 1
Socio-demographic, health characteristics and physical
performance of the study sample by sex
Variables
Age (years)

Total
n=1006

Men
n=319

Women
n=687

67.6 ± 5.9

67.6 ± 5.6

67.6 ± 6.0

Living alone

9.7 (98)

8.8 (28)

10.2 (70)

Years of education

7.6 (4.8)

7.5 (4.9)

7.7 (4.7)

Diabetes

21.4 (215)

23.3 (73)

20.6 (142)

Number of diseases ≥1

66.6 (670)

60.6 (193)

69.4 (477)*

GDS-15 ≥ 5

28.7 (289)

25.5 (81)

30.3 (208)

ADL disability ≥1

4.1 (42)

4.7 (15)

3.9 (27)

IADL disability ≥1

14.4 (145)

17.6 (56)

12.9 (89)*

Smoking

15.1 (152)

19.1 (60)

13.1 (90)*

Falls

33.0 (332)

22.9 (73)

37.8 (259)*

Fractures

17.0 (171)

12.9 (41)

18.9 (130)*

28.7 ± 5.1

27.8 ± 4.5

29.2 ± 5.4†

BMI

(kg/m2)

a decreasing trend of sarcopenia with nutritional status in both
genders (men: 71.4; 41.8; 15.3; 2.3% and women: 76.9; 46.8;
19; 1.9%), showing only 2% of the obese being sarcopenic. We
observed a dose-response relationship in relation to nutritional
status; older people with low weight (BMI<20 kg/m2) are 1.7
times more likely to be sarcopenic than people presenting a
normal weight, whereas overweight and obese adults (BMI≥25
kg/m2) are less likely to be sarcopenic compared to subjects of
normal weight for the entire sample and by gender. Overweight
and obese subjects had higher lean mass and grip strength than
underweight and normal subjects (see supplementary table).
Figure 1
Prevalence of sarcopenia by age and gender

Nutritional state†
BMI <20 kg/m2

2.0 (20)

2.2 (7)

1.9 (13)

BMI 20-24.9kg/m2

22.0 (221)

24.8 (79)

20.7 (142)

BMI 25-29.9 kg/m2

40.1 (403)

45.3 (145)

37.6 (258)

BMI ≥30 kg/m2

35.9 (361)

27.7 (88)

39.8 (273)

Calf circumference (cm)

36.1 ± 3.6

37.1 ± 3.4

35.6 ± 3.6

Knee height (cm)

48.7 ± 3.4

51.8 ± 2.6

47.2 ± 2.6

Waist circumference (cm)

95.6 ± 12.6

99.2 ± 11.2

93.9 ± 12.9

Hip circumference (cm)

103.9 ± 10.5

101.4 ± 8.4

104.9 ± 11.1

Handgrip strength (kg)

23.2 ± 9.9

32.8 ± 8.9

18.7 ± 6.6†

Fat mass (kg)

27.0 ± 9.3

23.7 ± 8.8

28.5 ± 6.7†

Lean mass (kg)

40.3 ± 8.7

49.7 ± 6.6

35.8 ± 5.4

Lean mass/fat mass

1.7 ± 1.1

2.5 ± 1.5

1.4 ± 0.4

ASM (kg)

16.5 ± 4.1

21.0 ± 3.3

14.4 ± 2.4†

SMI (kg/m2)

6.8 ± 1.1

7.7 ± 1.0

6.3 ± 0.9†

3m walking speed (m/s)

0.82 ± 0.2

0.89 ± 0.22

0.80 ± 0.21†

Results are presented as mean ± SD, or percentage (n);GDS: Geriatric depression scale;
ADL: Activities of Daily Living; IADL: Instrumental ADL; BMI: Body Mass Index:
ASM: Appendicular Skeletal Muscle: SMI: Skeletal Muscle Index; * p<0.05; † p<0.0001

The prevalence of sarcopenia by age group (60-64.9;
65-69.9; 70-74.9; 75-79.9 and ≥80 years), gender, and whole
sample is shown in Figure 1. The prevalence increases
significantly with increasing age groups in the total sample and
by gender. The prevalence of sarcopenia in the total sample is
similar in men and women (19.4% vs 18.9%; respectively).
The prevalence and the prevalence ratio of sarcopenia by
nutritional status and gender are presented in Table 2. There is

Table 3 shows the classification of stages of sarcopenia
by gender. Pre-sarcopenia was identified in 6.5% of the total
sample and severe sarcopenia in 2.2% of the sample. No
differences between men and women were observed.
Three logistic regression models for the association of
sarcopenia with anthropometric variables, lean/fat mass ratio,
diabetes and falls adjusted by age and sex are displayed in
Table 4. In an age, sex and lean/fat mass ratio adjusted model,
compared with those with normal nutritional state, overweight
(OR=0.21; 95%CI: 0.13-0.30) and obesity (OR=0.017; 95%CI:
0.008-0.04) were independently associated with lower risk
of sarcopenia. On the other hand underweight was associated
with higher risk of sarcopenia (OR=9.10; 95%CI: 2.16-38.32).
After additional adjustment by knee height, calf circumference,
diabetes and falls the negative association of obesity (OR=0.31;
95%CI: 0.16-0.59) and overweight (OR=0.02; 95%CI: 0.0040.11) remained significant. On the other hand, a positive
association of sarcopenia with falls was observed (OR=1.83;
95%CI:1.07-3.15).
Discussion
In this study, we report the prevalence of sarcopenia in a
sample of 1,006 older adults Chileans using the consensus
14
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Table 2
Prevalence and prevalence ratio of sarcopenia by nutritional status and gender

Normal weight

%

Underweight

%

Overweight

%

Obese

Prevalence
41.8

Men

Women

PR

Prevalence

PR

Prevalence

-

38.3 - 55.4

-

38.2 - 51.8

1

46.2

1

Total

44.6

PR
1

95% CI

30.8 - 53.4

95% CI

29.0 - 96.0

1.001-2.92

46.2 - 95.0

1.18-2.36

50.9 - 91.3

1.26-2.25

95% CI

9.8 - 22.2

0.23-0.58

14.3 - 24.4

0.31-0.56

14.0 - 21.7

0.31-0.52

2.3

0.05

1.8

0.04

1.9

0.04

%

95% CI

71.4
15.3

0.3 - 8.0

1.71

76.9

0.37

1.67

18.9

0.01-0.22

0.41

0.6 - 4.3

0.02-0.10

75

17.6

0.8 - 4.0

-

1.68
0.39

0.02-0.09

Reference: Normal weight; CI: confidence interval; PR: Prevalence Ratio; p<0.0001 (Sarcopenia vs Nutritional status by gender)

definition developed by the EWGSOP (1), which was
previously validated by our group (9). We found a prevalence
of sarcopenia of 19.1%, similar for men and women. The
prevalence of sarcopenia increased with age from 12.3% in the
60–64 y group to 38.5% in subjects ≥80 years. A wide range
of sarcopenia prevalence (4.1 to 24.2) has been reported in
Europe, Asia, and the USA with the same diagnostic criteria (1)
(1, 6, 7, 12–15). In Asian countries, the figures vary in different
studies. The study of Yamada in community-dwelling Japanese
people aged 65 to 89 found a slightly higher prevalence of
sarcopenia than ours: 21.8% in men and 22.1% in women (16).
However, Sanada, using two reference cut-off points for SMI
from Japanese people, found a prevalence between 6.7% and
56.7% in men and 6.3% and 33.6% in women aging 70-85
years, depending on the reference values of SMI used (17).
In Taiwan, Wu et al. (18) studied the prevalence of
sarcopenia and associated factors with severe sarcopenia in
549 older adults living in communities situated in both urban
and rural zones using the consensus definition developed by
the EWGSOP. They found that only 12.7% of the subjects
had sarcopenia. However, it is important to highlight that
differences may be due to different cut-off points or methods
used, even though the same diagnostic criteria was employed.
Recently, in a Belgian study (19) conducted in 400 people
≥65 years of age, the prevalence of sarcopenia varied between
9.25% and 18% depending on the different cut-offs and criteria
used for diagnosing sarcopenia.
On the other hand, in Taiwan (20) the prevalence of
sarcopenia was found to vary between 5.8% to 14.9% in men
and 4.1% to 16.6% in women, depending on the International
Working Group on Sarcopenia or the EWGSOP criteria used.
Studies are scarce in Latin America. To our knowledge, this
is the first study in Latin America calculating the prevalence
of sarcopenia using a DXA scan to measure ASM. A study of
prevalence done in Mexico City estimated the prevalence of
sarcopenia in 25.6%, in the group of 60 to 79 years of age and
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50.4% in subjects ≥80 years of age. In that study, lower muscle
mass was estimated using a calf circumference lower than 31
cm (21), a good clinical indicator of disability and physical
function, but not as DXA for screening of sarcopenia (2). A
similar study, using calf circumference, estimated prevalence
of sarcopenia (11.5%) and frailty (9.4%) in Colombia (22). In
a Brazilian study, muscle mass was estimated through the Lee
prediction equation. They found a prevalence of sarcopenia of
16.1% in women and 14.4% in men from the SABE study (23)
using the EWGSOP diagnostic algorithm.
Table 3
Classification by stages of sarcopenia and gender

Non-sarcopenia
Normal
Pre-sarcopenia
Sarcopenia
Sarcopenia
Severe sarcopenia

Men (n=319)
% (95%CI)

Women (n=687)
% (95%CI)

Total (n=1006)
% (95%CI)

80.6 (75.8-84.8)

81.1 (77.9-83.9)

80.9 (78.3-83.3)

73.9 (68.6-78.7)

74.7 (71.2-77.9)

74.5 (71.6-77.1)

6.6 (4.1-9.9)

6.4 (4.7-8.5)

6.5 (5.0-8.2)

19.4 (15.2-24.2)

18.9 (16.1-22.1)

19.1 (16.7-21.7)

16.0 (12.1-20.5)

17.3 (14.6-20.4)

16.9 (14.6-19.4)

3.4 (1.7-6.1)

1.6 (0.8-2.8)

2.2 (1.4-3.3)

Pearson‘s Chi2 test: Sarcopenia levels vs gender: p>0.1

In relation to the different stages of sarcopenia, only 2.2%
of the sample in the current study had severe sarcopenia.
We found only one study reporting severe sarcopenia using
the EWGSOP definition in the Hertfordshire Cohort Study
(24) with results similar to ours (men 1.9%; women 2%).
The published prevalence of severe sarcopenia are based
on different definitions and methods to assess muscle
mass. Janssen, in the Third National Health and Nutrition
Examination Survey using Bioelectrical Impedance, found
prevalence ranging from 7 to 10% depending on age, with the
definition of being under 2SD of young adults’ SMI. Similar
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Table 4
Logistic regression models of the risk factors associated with sarcopenia, adjusted by sex and age
Variables
Nutritional state

Model 1 †

Model 2 ‡

Model 3 §

OR (95%CI)

p

OR (95%CI)

p

OR (95%CI)

p

9.10 (2.16-38.32)

0.003

5.74 (0.89-37.18)

0.067

5.55 (0.79-39.98)

0.085

(kg/m2)*

Underweight
Overweight

0.21 (0.13-0.30)

<0.0001

0.29 (0.15-0.56)

<0.0001

0.31 (0.16-0.59)

<0.0001

0.017 (0.008-0.04)

<0.0001

0.04 (0.007-0.17)

<0.0001

0.02 (0.004-0.11)

<0.0001

Age (years)

1.09 (1.06-1.12)

<0.0001

1.10 (1.06-1.15)

<0.0001

1.10 (1.06-1.15)

<0.0001

Gender (Women)

0.83 (0.51-1.33)

0.428

0.18 (0.07-0.44)

<0.0001

0.19 (0.07-0.47)

<0.0001

Lean mass/fat mass ratio

0.72 (0.56-0.92)

0.009

Obese

0.66 (0.45-0.97)

0.032

0.69 (0.48-0.997)

0.048

Knee height (cm)

0.77 (0.68-0.88)

<0.0001

0.78 (0.68-0.89)

<0.0001

Calf circumference (cm)

0.87 (0.79-0.99)

0.035

0.87 (0.77-0.97)

0.017

Hip circumference (cm)

0.96 (0.90-1.01)

0.109

0.96 (0.91-1.01)

0.136

Waist circumference (cm)

1.01 (0.97-1.04)

0.759

1.00 (0.97-1.04)

0.878

Diabetes

0.98 (0.57-1.70)

0.95

Falls

1.83 (1.07-3.15)

0.028

OR: odds ratio; CI: confidence interval; Reference category of dependent variable: Non-sarcopenia; * Normal nutritional state is used as reference group; Hosmer-Lemeshow’s goodness-of-fit test: † Chi2(8) =9.75; p=0.28; ‡ Chi2(8) =3.64; p=0.89; § Chi2(8) =7.06; p=0.53

results with the same methods were found in some Asian
studies (25).
With respect to factors associated with sarcopenia, our
main finding is the negative association with BMI (18),
with only 2% of the obese being sarcopenic. Moreover, a
dose-response was observed in the prevalence of sarcopenia
according to nutritional status, showing a negative gradient
from underweight to obesity. The prevalence of obesity in
the studied group was high (35.9%), although the obesity
defined by a BMI≥30kg/m 2 was mainly non-sarcopenic.
However, in older people, the single use of BMI as a proxy
for body composition can be misleading as the same BMI can
correspond to different proportions of fat mass and lean mass.
To avoid biased interpretations of the former association,
we performed a multivariable analysis adjusting by the ratio
of lean to fat mass and knee height, a measure that is more
representative of the skeleton size in older people (26, 27) than
the current height. After adjusting, the association remains
invariable, meaning that in these cohorts, obese people are
not sarcopenic. Obesity has been consistently associated with
longer survival (28) and mild obesity in older people has shown
a paradoxical association with lower morbidity and better
evolution of some chronic diseases such as heart failure and
osteoporosis (29). However, the huge lifestyle changes of the
Chilean population that have occurred in the past three decades,
with high prevalence of obesity and sedentary behaviour in
all groups of age, will lead to a future aged population more
vulnerable to sarcopenic obesity. Other studies in younger
cohorts are needed to assess the effect of demographic origin
on that characteristic.
Like Morley (13), we also found a strong association
16

between sarcopenia and falls within the past year.
The main limitation of the study is that the cross-sectional
design does not allow us to provide evidence about risk
factors or consequences of sarcopenia. This issue will be
addressed with the follow-up of the subjects involved in the
study. Among the strengths of this study, the most important
one is that the prevalence of sarcopenia was estimated in a
large sample of people based on DXA scan measurements.
This type of measurement is one of the most recommended
imaging techniques considering its accuracy, reproducibility
and sensitivity (30), although its accessibility in countries with
low or medium low economies is scarce. In addition, we used
cut-off points of SMI and muscle strength obtained for the
Chilean population (9). This will allow us to make international
comparisons with similar techniques.
Since sarcopenia is an important cause of multiple negative
health outcomes in older people, knowing its actual magnitude
is crucial for developing policies and programs for its
prevention and control.
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