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IntroductionIntroductionIntroductionIntroduction

↑ Risk of fall

Gait disorder 
and Balance 
abnormality

↑mortality

Sarcopenia ↑ length of 
stay in

↑ Re‐
admission rate stay in 

hospital

*The MINOS Study, J BONE AND MINERAL RESEARCH Vol 20, 5, 2005
**Sarcopenia: Prevalence and prognostic significance in hospitalized Patients, Clinical Nutrition 32 (2013) 772e776



Mechanism of sarcopeniaMechanism of sarcopeniaMechanism of sarcopeniaMechanism of sarcopenia
Endocrine
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GF-1,insulin 
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degenerative
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Sex hormone
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The 2010 European consensus The 2010 European consensus 
definition of Sarcopeniadefinition of Sarcopenia

Low muscle 
Strength

Low muscle 
Mass SarcopeniaMass

Low physical 
fperformance

A syndrome characterized by progressive and generalized PresarcopeniaA syndrome characterized by progressive and generalized 
loss of skeletal muscle mass and strength with a risk of 
adverse outcomes, such as physical disability, poor 

Presarcopenia

quality of life, and death

Cruz-Jentoft AJ, et al. Age and ageing. 2010;39(4):412-23.



ObjectiveObjectiveObjectiveObjective

To determine the cut point of low muscle 
mass in Urban Thai populationp p
To identify the prevalence of Low muscle 
mass in Elderly populationmass in Elderly population
To study the association between low 
muscle mass and metabolic disease and 
bone densitybone density
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Cut-off point

> 2SD below reference population (18-40 y)

Under 20th percentile

Sarcopenia indexSarcopenia index 
-- Appendicular lean mass/height2

-- skeletal lean mass/body mass*100 = SMIs e eta ea ass/body ass 00 S



Define the cut off for low muscle massDefine the cut off for low muscle massDefine the cut off for low muscle mass Define the cut off for low muscle mass 

Data from EGAT 3/1
Healthy young population (Aged 25-40 y) as 
reference (n=1011)
Parameters determining low muscle massParameters determining low muscle mass
– Height adjusted( ASM/ht2)
– Weight adjusted (ASM/wt * 100)Weight adjusted (ASM/wt  100)
– Cut off point

• <1 SD → Class I sarcopenia1 SD  Class I sarcopenia
• <2 SD → Class II sarcopenia



Healthy young subjects: EGAT3/1Healthy young subjects: EGAT3/1Healthy young subjects: EGAT3/1Healthy young subjects: EGAT3/1

Male (n=701) Female (n=310)

Age  y 34 7 (4 7) 35 2 (4 0)Age, y 34.7 (4.7) 35.2 (4.0)

Height, cm 170 (6.0) 159 (5.5)

Weight, kg 70.9 (11.7) 55.0 (9.7)

BMI, kg/m2 24.4 (3.6) 21.8 (3.6)( ) ( )

Waist, cm 88.1 (9.7) 77.4 (8.9)

ASM/h2 7 76 (0 73) 5 87 (0 74)ASM/h2 7.76 (0.73) 5.87 (0.74)

ASM/wt*100 32.11 (2.84) 27.22 (2.56)



KNHANES

Kim YS, et al. J Gerontol A Biol Sci Med Sci 2012;67(10):1107-13



Characteristics of Healthy young Characteristics of Healthy young 
subjects: EGAT3/1subjects: EGAT3/1

Male (n=701) Female (n=310)

Cut off value for height-adjusted, kg/h2

Class I sarcopenia 7.03 5.14p

Class II sarcopenia 6.29 4.41

Cut off value for weight adjusted, kg/wt*100 

Class I sarcopenia 29.27 24.66

Class II sarcopenia 26.43 22.09



EGAT
M< 6.29 kg/m2

F < 4.41 kg/m2

KNHANES
M< 6.58 kg/m2

F < 4.59 kg/m2

M< 7.26 kg/m2

F <5.45 kg/m2

M< 7.23 kg/m2

F <5.67 kg/m2
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Characteristics and prevalence of Characteristics and prevalence of 
sarcopenia: EGAT 3/1sarcopenia: EGAT 3/1

Male (n=1671) Female (n=637)

Age, y 40.3 (7.1) 39.9 (6.5)
Height, cm 169.4 (5.9) 157.9 (5.3)
Weight, kg 70.4 (11.2) 55.5 (9.9)
BMI, kg/m2 24.5 (3.5) 22.3 (3.8)
Waist cm 88 9 (9 3) 78 5 (9 0)Waist, cm 88.9 (9.3) 78.5 (9.0)
ASM/h2 7.72 (0.72) 5.89 (0.73)
ASM/wt*100 31.74 (2.74) 26.75 (2.63)( ) ( )

Height-adjusted sarcopenia
Class I sarcopenia, n (%) 243 (14.5) 84 (13.2)
Class II sarcopenia, n (%) 28 (1.7) 5 (0.8)

Weight-adjusted sarcopenia
Class I sarcopenia n (%) 242 (14 5) 38 (2 3)Class I sarcopenia, n (%) 242 (14.5) 38 (2.3)
Class II sarcopenia, n (%) 104 (16.4) 24 (3.8)



Characteristics and prevalence of Characteristics and prevalence of 
sarcopenia in elderly: EGAT 1/5sarcopenia in elderly: EGAT 1/5

Male (n=1046) Female (n=364)

Age, y 69.1 (4.7) 67.9 (3.9)
Height, cm 164.4 (5.5) 153.1 (4.8)
Weight, kg 66.6 (10.1) 57.9 (9.9)
BMI, kg/m2 24.6 (3.4) 24.7 (4.0)
Waist cm 89 7 (10 4) 85 7 (9 9)Waist, cm 89.7 (10.4) 85.7 (9.9)
ASM/h2 7.47 (0.73) 6.00 (0.79)
ASM/wt*100 30.64 (2.87) 24.62 (2.78)( ) ( )

Height-adjusted sarcopenia
Class I sarcopenia, n (%) 214 (20.5) 41 (11.3)
Class II sarcopenia, n (%) 54 (5.2) 67 (6.4)

Weight-adjusted sarcopenia
Class I sarcopenia n (%) 276 (26 4) 142 (39 0)Class I sarcopenia, n (%) 276 (26.4) 142 (39.0)
Class II sarcopenia, n (%) 67 (6.4) 55 (15.1)



Height-adjusted sarcopenia by Height-adjusted sarcopenia by 
age group and genderage group and gender
Male Female 
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Weight-adjusted sarcopenia by Weight-adjusted sarcopenia by 
age group and genderage group and gender
Male Female
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KNHANES

Kim YS, et al. J Gerontol A Biol Sci Med Sci 2012;67(10):1107-13



P l f i Kh KPrevalence of sarcopenia: Khon Kaen
Men 35.3%

Women 34.74%

Prevalence of sarcopenia: KNHANSE 
Men 39.2%

W 42 1%

Prevalence of sarcopenia: EGAT 
Men 32 8%

Women 42.1%

SMI = 
muscle mass/body mass*100

Men 32.8%
Women 54.1%

Pongchaiyakul C. J Bone Miner Metab. 2013 May;31(3):346-50
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Low muscle mass and BMDLow muscle mass and BMDLow muscle mass and BMDLow muscle mass and BMD
Pearson correlation = 0.216Pearson correlation = 0.509Pearson correlation = 0.467
P<0.001P<0.001P<0.001

P l i 0 11P l ti 0 556P l ti 0 506 Pearson correlation = 0.511
P<0.001

Pearson correlation = 0.556
P<0.001

Pearson correlation = 0.506
P<0.001



Sarcopenia and BMD: EGAT3/1Sarcopenia and BMD: EGAT3/1Sarcopenia and BMD: EGAT3/1 Sarcopenia and BMD: EGAT3/1 
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Sarcopenia and BMD: EGAT 1/5Sarcopenia and BMD: EGAT 1/5Sarcopenia and BMD: EGAT 1/5Sarcopenia and BMD: EGAT 1/5
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Vitamin D, Sarcopenia, and PA: Vitamin D, Sarcopenia, and PA: 
EGAT3/1EGAT3/1
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Muscle mass and muscle functionMuscle mass and muscle functionMuscle mass and muscle functionMuscle mass and muscle function

Grip strength 4-m Walk test

Pearson correlation = -0.131
P<0.001

Pearson correlation = 0.655
P<0.001



SMI DM and MetSSMI DM and MetSSMI, DM and MetSSMI, DM and MetS

EGAT 1/5
31 No Yes

EGAT 3/1
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Sarcopenia DM and MetSSarcopenia DM and MetSSarcopenia, DM and MetSSarcopenia, DM and MetS

EGAT 1/5
normal class I class II

EGAT 3/1
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ConclusionConclusionConclusion Conclusion 

The weight-adjusted sarcopenia is more sensitive compared 
with height-adjusted sarcopenia
Th  l  f i ht dj t d i i  th  ld l  The prevalence of weight-adjusted sarcopenia in the elderly 
was 39.2% and 42.1% in men and women, respectively
The prevalence of height adjusted sarcopenia in the elderly The prevalence of height-adjusted sarcopenia in the elderly 
was 25.7% and 17.1% in men and women, respectively
Sarcopenia was associated with BMD and vitamin D levels Sarcopenia was associated with BMD and vitamin D levels 
Sarcopenia was associated with DM and Metabolic 
syndromesyndrome



Demographic Data in elderlyDemographic Data in elderlyDemographic Data in elderlyDemographic Data in elderly
Men (N=1046) Female (N=364)

Age (y) 69±4.7 68.1±4.1

Height (cm) 164.2±7.3 152.9±4.9

Weight (kg) 66 7±10 2 57 7±10Weight (kg) 66.7±10.2 57.7±10

Waist circumference (cm) 89.9±10.7 85.8±10

Body mass index ( kg/m2) 24.6±3.4 24.6±4.1

ASM/Ht (kg/m2) 7.5±0.7 6.0±0.8

ASM/wt 30.6±2.9 24.6±2.8

Height adjusted sarcopenia (%)Height adjusted sarcopenia (%)

• Normal 74.4 87.6

• Class I Sarcopenia 20.5 11.3

• Class II sarcopenia 5.2 4.59

Weight‐adjusted sarcopenia (%) 

• Normal 67.2 45.9

• Class I Sarcopenia 26.4 39

• Class II sarcopenia 6.4 15.1



Sarcopenia BMD and 25(OH)DSarcopenia BMD and 25(OH)DSarcopenia BMD and 25(OH)DSarcopenia BMD and 25(OH)D
P<0.001 P<0.001Beta = 0.091 Beta = 0.099

P<0 001Beta = 0 086 P<0.001Beta  0.086

Linear regression model 
Adjusted for 
age sex physical activity andage, sex, physical activity, and 
BMI
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Aging is associated with a loss of skeletal muscle 
mass and a decline in muscle function [1]. 
The decline in muscle mass is 1–2 % per year after 
about age 50, whereas muscle strength decreases 
faster, at a rate of 1.5 % per year between ages 50 
and 60 and subsequently at 3 % per year.
A diagnosis of sarcopenia is consistent with a gait 
speed of less than 1 m/s and an objectively speed of less than 1 m/s and an objectively 
measured low muscle mass



Young Reference 
GroupGroup

N=1,011
Men

(N=701)
Female
(N=310)(N 701) (N 310)

Age (y) 36±4.7 36±4.0

Height (cm) 170±5.9 159±5

Weight (kg) 69.7±11.7 53.5±9.7

Waist circumference 
(cm) 87.5±9.7 76.5±8.9

Body mass index ( 
kg/m2) 23.9±3.5 21±3.6

ASM/Ht (kg/m2) 7.7±0.7 32±2.8

ASM/wt 5.8±0.7 27±2.5

Cut off value for height-
adjusted (kg/m2)adjusted (kg/m )

• Class I Sarcopenia 7.028 29.269

• Class II sarcopenia 6.293 26.427

Cut off value for weight-
adjusted 

• Class I Sarcopenia 5.140 24.657



ASM in population ASM in population 
Height adjusted Height adjusted

10

Height adjusted 
ASM

Male Female

Height adjusted 
ASM

Male Female

4

6

8
SM

/H
t2

4
6
8

M
/H

t2

0

2

4

A
S

0
2
4

A
SM

25-40 41-50 51-60

Weight adjusted 
ASMMale Female

61-70 71-80 ≥80

Weight adjusted 
ASMMale Female

30

40

W
t

ASMMale Female

30

40

W
t

ASMMale Female

10

20

A
SM

/W

10

20
A

SM
/W

0
25-40 41-50 51-60

0
61-70 71-80 ≥80*25-40(Reference 



ASM in populationASM in populationASM in population ASM in population 
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Prevalence of Low muscle massPrevalence of Low muscle massPrevalence of Low muscle massPrevalence of Low muscle mass

% f l
Definition

% of prevalence
Height-
adjusted

Weight-
adjusted Elderly (EGAT 1/15)

Class N Class
I

Class 
II

Class
I

Class 
II

Men % of prevalence
• 25-40 747 Reference

• 41-50 734 13.6 2.6 14 2.6

• 51-60 112 8 7 0 20 5 3 6

Definition Height-
adjusted

Weight-
adjusted

Cl N Class Class Class Class51 60 112 8.7 0 20.5 3.6

Female
• 25-40 333 Reference

Class N Class
I

Class 
II

Class
I

Class 
II

Men
66• 41-50 226 11.5 0.9 22.2 4.9

• 51-60 44 11.4 2.3 22.7 9.1
• 61-70 66

7 16.5 4.2 24.3 5.8

• 71-80 36
5 26.8 6.8 29.6 6.8Young Adult (EGAT 3/1)

Young Adult (EGAT 3/1) 5

• > 81 12 41.7 8.3 41.7 16.7

Female

Young Adult (EGAT 3/1)



Low muscle mass in obesityLow muscle mass in obesityLow muscle mass in obesityLow muscle mass in obesity

Male
abdominal 
obesity 5.0%

Low muscle mass by 
weight

43 2

normal 27.7
%

Normal43.2
%56.8

%
67.3
%

Class I

Class II

2.5%

Low muscle mass by 
Height
2.5%

0.0%

Adult Male (25-60)  EGAT 3/1

97.5%



Low muscle mass in obesityLow muscle mass in obesityLow muscle mass in obesityLow muscle mass in obesity

Female
abdominal 
obesity 8.0%

Low muscle mass by 
weight
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29.1
% Normal41.3
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% Class I
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Low muscle mass by 
Height
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Adult Female (25-60)  EGAT 3/1

96.8%



Low muscle mass in obesityLow muscle mass in obesityLow muscle mass in obesityLow muscle mass in obesity

Male
abdominal 
obesity 10.9%

Low muscle mass by 
weight

normal

48.2%

40 9%
Normal

51.7
%

48.3
%

40.9% Class I

Class II

7 3%

Low muscle mass by 
Height

91 9%

7.3%
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Elderly Male >60  EGAT 1/5
91.9%



Low muscle mass in obesityLow muscle mass in obesityLow muscle mass in obesityLow muscle mass in obesity

Female
abdominal 
obesity 10.9%

Low muscle mass by 
weight

26.2
%

normal
35.9%

Normal

73.8
%
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Class I
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%
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Low muscle mass and BMDLow muscle mass and BMDLow muscle mass and BMDLow muscle mass and BMD

Partial correlations  Adjusted by age EGAT 1/5

SEX   ASM_h2 BMD L3
BMD Neck of 

femur BMD total hip
BMD Total 

body
Male ASM_h2 Correlation 1.000 0.302 0.356 0.403 0.345

Significance (2‐tailed) . 0.000 0.000 0.000 0.000
df 0 498 498 498 498

Female ASM h2 Correlation 1 000 0 460 0 436 0 477 0 503Female ASM_h2 Correlation 1.000 0.460 0.436 0.477 0.503
Significance (2‐tailed) . 0.000 0.000 0.000 0.000
df 0 140 140 140 140

Partial correlation adjusted by age EGAT 3/1

SEX   ASM_h2
BMD of Total L‐

spine
BMD of Neck 

femur
Bone BMD of 
Total femur

Male ASM_h2 Correlation 1.000 0.275 0.399 0.399
Significance (2‐tailed) . 0.000 0.000 0.000
df 0 1,582 1,582 1,582

Female ASM_h2 Correlation 1.000 0.362 0.446 0.375
Significance (2‐tailed) . 0.000 0.000 0.000
df 0 599 599 599



Grip and ASM/h2 Grip and ASM/h2 Grip and ASM/hGrip and ASM/h

MALE FEMALE
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Hot TipHot TipHot TipHot Tip

How do I incorporate my logo to a slide that 
will apply to all the other slides? will apply to all the other slides? 

– On the [View] menu, point to [Master], and then click [Slide 
Master] or [Notes Master]. Change images to the one you 
like, then it will apply to all the other slides. pp y

[ Image information in product ]
I th llImage : www.themegallery.com
Note to customers : This image has been licensed to be used within this PowerPoint template only. 

You may not extract the image for any other use. 
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