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3 3. Demographic characteristics of participants

Total Men Women p-value
(n=126) (n=32) (n=94)
Mean(SD) Mean(SD) Mean(SD)
Age (years) 72.46(7.45) 72.91(7.78) 72.31(7.37) 0.70
Family 1.44(1.20) 1.43(1.14) 1.44(1.22) 0.97
Life quality 66.84(11.79) 68.85(10.45) 66.22(12.17) 0.32
Numbers  of 1.61(1.34) 1.66(1.68) 1.60(1.21) 0.85
Chronic disease
Alcohol Yes 11(8.7) 9(28.12) 2(2.12) <0.001
No 115(91.3) 23(81.88) 92(97.88)
Smoking Yes 3(2.4%) 3(9.37) 0(0) 0.08
No 123(97.6) 29(90.63) 94(100)
Operation Yes 74(58.7) 18(56.25) 56(59.57) 0.74
history No  52(41.3) 14(43.75)  38(40.43)
Medication Yes 109(86.5) 27(84.37) 82(87.23) 0.69
No 17(13.5) 5(15.63) 12(12.77)
Use of Yes 76(60.3) 8(25.00) 35(37.23) 0.26
supplenents  No  43(34.1) 24(75.00)  58(62.77)

Abbreviations:  SD= standard deviation.
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3% 4. Results of body measurement, bone mineral density and blood tests

of participants

Total Men Women p-value
(n=126) (n=32) (n=94)
Mean(SD) Mean(SD) Mean(SD)

Height (cm) 154.79(8.72) 166.02(5.85) 151.05(5.82) <0.001
Weight (kg) 58.76(9.53) 66.30(11.32) 56.27(7.39) <0.001
BMI (kg/mZ) 24.52(3.28) 23.98(3.35) 24.71(3.26) 0.29
Muscle (kg) 38.86(8.26) 49.83(8.48) 35.38(4.12) <0.001
Skeletal Muscle 21.68(6.52) 27.70(8.36) 19.72(4.30) <0.001
(kg)
Body fat (kg) 17.18(5.38) 13.54(5.24) 18.33(4.92) <0.001
Fat (%) 28.63(7.27) 20.22(6.38) 31.36(5.14) <0.001
Fat-free 8.79(2.31) 9.81(2.58) 8.45(2.13) 0.01
mass(kg)
VFA (cm®) 87.06(35.36) 102.54(38.47) 82.03(33.00) 0.01
WHR 0.87(0.06) 0.91 (0.07) 0.85(0.05) <0.001
Arm 25.91(2.10) 26.75(2.17) 25.67(2.02) 0.02
circumference
(cm)
Calf 42.30(3.24) 43.48(4.15) 41.98(2.89) 0.11
Circumference
(cm)
LBMD -1.42(1.43) -0.07(1.38) -1.82(1.18) <0.001
FNBMDR -1.79(1.05) -1.29(0.99) -1.95(1.03) <0.001
FENBMDL -1.88(1.05) -1.30(0.94) -2.06(1.02) <0.001
Albumin (g/dL) 3.94(0.41) 3.75(0.52) 4.01(0.33) 0.01
Total 180.16(45.59) 168.77(44.56) 184.00(45.53 0.11
cholesterol )
(mg/dL)
Triglyceride 135.88(62.50) 140.00(78.11) 134.60(57.28 0.74
(mg/dL) )
Platelet 223.89(66.39) 208.66(69.61) 229.07(64.82 0.13
(x10°/ul.) )

_13_



Total protein 6.80(0.58) 6.70(0.73) 6.84(0.51) 0.24
(g/dL)

Abbreviations:  SD= standard deviation; BMI= body mass index; VFA=
visceral fat area; WHR= waist hip ratio; LBMD= lumbar bone mineral
density; FNBMDR= femur neck bone mineral density (right femur

neck); FNBMDL= femur neck bone mineral density (left femur neck).
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3% 5. Results of frailty score and geriatric functional assessments of

participants
Total Men Women p-value
(n=126) (n=32) (n=94)
Mean(SD) Mean(SD) Mean(SD)
Frailty 1.33(1.36) 1.40(1.33) 1.31(1.38) 0.75
MMSE 23.03(5.77) 22.35(4.29) 23.26(6.20) 0.37
GDS 5.84(4.58) 7.13(4.19) 5.40(4.64) 0.07
[PAQ 1212.52(2922 1620.60(4989 1073.51(179 0.37
(kcal/week) .11) .99) 1.51)
Grip strength 22.03(11.43) 27.16(14.13) 20.27(9.87) <0.001
(kg)
Getup & go (sec) 10.45(6.15) 10.86(3.64) 10.31(6.82) 0.71
MNA 22.16(3.78) 22.52(3.48)  22.04(3.89) 0.56
Total Men Women p-value
(n=126) (n=32) (n=94)
N(%) N(%) N(%)
KIADL Normal 76(60.3) 16(50.00) 64(68.08) 0.07
Disable 46(36.5) 16(50.00) 30(31.92)
Vision  Normal 90(71.4) 24(75.00) 72(76.59) 0.81
Abnormal 30(23.8) 8(25.00) 22(23.41)

Hearing Normal 100(79.4) 26(81.25) 80(85.10) 0.58
Abnormal 20(15.9) 6(18.75) 14(14.90)
Abbreviations: SD= standard deviation; MMSE= mini mental state
examination; GDS= geriatric depression scale; IPAQ = the

international physical activity questionnaire; MNA= mini nutritional

assessment; KAIDL = korean activities instrumental of daily life.
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3t 6. Correlation between

increasing frailty score and other variables

AGE MMSE GDS KIADL MNA Life LBMD FNBMDR FNBMDL Chronic Operation Muscle Skeletal
quality disease history muscle
Frailty 0.43" -.057" 0.51" 0.59™ -0.64™ -0.47" -0.01 -0.17 -0.20" 0.32" -0.13 -0.19" -0.18
AGE -0.48" 0.25™ 0.42" -0.33" -0.09 -0.19" -0.32" -0.34™ 0.26™ -0.06 -0.17 -0.13
MMSE -0.51" -0.54™ 0.46™ 0.36" -.033 0.05 0.07 -0.23" 0.13 0.01 0.03
GDS 0.40™ -0.49™ -0.57" 0.11 0.05 0.02 0.18" -0.11 0.10 0.06
KIADL -0.51" -0.26™ -0.01 -0.07 -0.14 0.28" -0.16 0.01 -0.01
MNA 0.51" 0.16 0.30" 0.29" -0.31" 0.09 0.22° 0.29"
Life 0.04 0.03 0.07 -0.19" 0.14 0.12 0.12
quality
LBMD 0.62" 0.60" 0.10 -0.15 0.53" 0.52"
FNBMDR 0.93" -0.18 0.01 0.49™ 0.45™
FNBMDL -0.11 0.01 0.51" 0.46™
Chronic 0.05 -0.08 -0.03
disease
Operation -0.02 -0.06
history
Muscle 0.76™

Abbreviations:
nutritional

MMSE= mini mental state examination; GDS= geriatric depression scale; KAIDL =

assessment ; LBMD= lumbar bone mineral density; FNBMDR= femur neck bone
density (left femur neck). "=p-value<0.05.

“=p-value<0.01.

korean activities instrumental of daily life; MNA= mini
mineral density (right femur neck); FNBMDL= femur neck bone mineral
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3 7. Differences of demographic variables according to the frailty grade

Robust Pre-frailty Frailty p-value
(N=42) (N=52) (N=24)
AGE 43.65 60.75 84.52 <0.001
SEX 60.45 60.88 54 .83 0.60
Family 61.21 59.48 48.43 0.28
Life quality 70.33 54.41 23.92 <0.001
Numbers  of 44 .83 65.96 71.17 0.01
Chronic
disease
Alcohol 61.02 59.67 56.46 0.58
Smoking 60.81 59.13 58.00 0.46
Operation 65.24 56.27 56.46 0.28
history
Medication 54.36 62.46 62.08 0.10
Supplements 65.36 58.88 47 .67 0.05

Statistical analysis was performed using Kruskal-Wallis test.

number means variable’

s mean rank.

Each
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3 8. Differences of body measurement, bone mineral density, sarcopenia and

blood tests variables according to the frailty grade.

Robust Pre-frailty Frailty p-value
(N=42) (N=52) (N=24)
Height 67.55 55.60 51.09 0.10
Weight 65.86 55.79 53.74 0.25
BMI 61.05 59.40 54.35 0.74
Muscle 60.79 50.01 45,88 0.12
Skeletal 56.87 54.70 38.70 0.07
Muscle
Body fat 58.00 49.95 49.05 0.38
Fat 53.36 50.48 54.95 0.83
Fat-free 55.52 53.93 38.29 0.11
mass
VFA 50.25 49.55 63.43 0.19
WHR 50.32 50.11 62.10 0.28
Arm 62.11 49.66 46.18 0.08
circumference
Calf 63.71 48.36 43.03 0.02
Circumference
LBMD 53.89 60.37 50.68 0.43
FNBMDR 60.20 56.72 43.36 0.13
FNBMDL 60.80 56.34 40.48 0.04
Total 58.48 55.79 51.84 0.73
cholesterol
Triglyceride 52.76 54 .27 53.12 0.97
Platelet 56.40 62.12 59.25 0.72
Albumin 68.45 50.36 47 .22 0.01
Total protein 63.04 56.35 57.63 0.62

Abbreviations: BMI= body mass index; VFA= visceral fat area; WHR=
waist hip ratio; LBMD= lumbar bone mineral density;  FNBMDR= femur
neck bone mineral density (right femur neck); FNBMDL= femur neck
bone mineral density (left femur neck). Statistical analysis was

performed using Kruskal-Wallis test. Each number means variable’ s
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3% 9. Differences of geriatric functional assessment results according to the

frailty grade

Robust Pre-frailty Frailty p-value

(N=42) (N=52) (N=24)
MMSE 81.24 56.75 27.42 <0.001
GDS 40.90 59.60 90.70 <0.001
IPAQ 90.06 48.02 30.90 <0.001
Grip 80.27 57.12 24.41 <0.001
strength
Getup & go 34.70 50.69 75.15 <0.001
MNA 84.51 52.99 26.00 <0.001
KIADL 39.40 64.10 84.71 <0.001
Vision 52.02 58.62 74.50 0.01
Hearing 51.40 57.94 77.04 <0.001
Abbreviations: SD= MMSE= mini mental state examination; GDS=
geriatric depression scale; IPAQ = the international physical
activity questionnaire; MNA= mini nutritional assessment; KAIDL =

korean activities instrumental of daily life. Statistical analysis
was performed wusing Kruskal-Wallis test. Each number means

variable’ s mean rank.
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3 10. Differences of variables according to the each frailty grade

Robust Pre- Pre- Frailty  Robust Frailty
frailty frailty

(n=42) (n=52) (n=52) (n=24) (n=42) (n=24)
AGE 39.82" 53.70" 33.55 49.23" 25.33" 47 .79
SEX 47.31 47 .65 39.73 35.83 34.64 31.50
Family 47.79 46.35 39.13 32.07 34.93 27.86
Life 54.60" 39.70" 40.217 18.64" 37.24" 14.78"
quality
Numbers 38.39" 54.86" 37.61 40.44 27.94" 43.23"

of

Chronic
disease
Alcohol 48.10 47.02 39.15 37.08 34.43 31.88
Smoking 48.24 46.90 38.73 38.00 34.07 32.50
Operatio 51.45 44 .31 38.46 38.58 35.29 30.38
n
history
Medicati 43.93 50.38 38.58 38.33 31.93 36.25
on
Suppleme 50.38 45.17 40.20 33.02 36.48" 26.65"
nts
Height 52.94 43.11 38.99 35.76 36.11 27.33
Weight 52.00 43.87 38.42 37.04 35.36 28.70
BMI 48.29 46 .87 39.04 35.65 34.26 30.70
Muscle 48.02 39.18 33.33 30.68 34.26 25.70
Skeletal 43.51 41.49 34.717 24.75" 34.86" 24 .45
Muscle
Body fat 46.31 39.77 32.19 31.60 33.19 27.95
Fat 43.63 41.37 30.61 33.38 31.23 32.08
Fat-free 44 .40 42 .64 33.80" 23.76" 32.62 23.53
mass
VFA 42 .80 42 .20 28.85 37.08 28.95 36.85
WHR 42 .50 42 .50 29.11 36.53 29.32 36.08
Arm 49.70 39.58 35.08 33.00 31.91 23.18
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circumfe

rence

Calf 51.18" 38.43" 34.93" 31.47" 32.03" 21.06"

Circumfe

rence

LBMD 42 .13 47 .56 36.81 31.14 33.26 31.05

FNBMDR 46.44 43.71 37.01 28.88 35.26" 25.48"

FNBMDL 46.38 42 .78 37.05 27.31 35.92° 2417

Albumin 52.69" 38.13" 36.23" 34.00" 37.26" 25.22°

Total 46.20 43.98 36.31 33.73 33.28 29.61

choleste

rol

Triglyce 44 .13 45.74 33.03 32.91 29.62 29.21
ride

Platelet 45.06 49 .47 39.14 37.10 32.85 34.65

Total 50.52 45.06 37.79 38.48 34.01 31.15

protein

MMSE 59.12" 38.12" 45.13" 24.13" 43.62" 15.79°

GDS 38.71° 54.60" 31.50° 52.70" 23.69" 50.00"
[PAQ 66.30" 32.32" 42.20" 30.48" 45.26" 12.92°

Grip 58.99" 38.22° 45.39" 21.28" 42.79° 15.13°
strength

Getup & 33.51" 49.06" 21.63" 38.15" 22.69" 42 .50"
20

MNA 63.06" 34.93" 44 56" 23.17° 42 .95" 14.83"
KIADL 36.62 56.29 34.31 47 .58 24.29 49.63
Vision 44 .60 49 .85 35.27° 45.50" 28.93" 41.50"

Hearing 44 .62 49.83 34.62" 46.92° 28.29"° 42.63"

Abbreviations: SD= standard deviation; BMI= body mass index; MMSE=
mini mental state examination; GDS= geriatric depression scale;
KAIDL = korean activities instrumental of daily life; IPAQ = the
international physical activity questionnaire; MNA= mini

nutritional assessment; VFA= visceral fat area; WHR= waist hip ratio;
LBMD= lumbar bone mineral density; FNBMDR= femur neck bone mineral

density (right femur neck); FNBMDL= femur neck bone mineral density
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(left femur neck)."=p-value<0.05. Statistical analysis was performed using

Mann-Whitney U test. Each number means variable’ s mean rank.
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3% 11.1. Multiple logistic regression model of factors associated

pre—frailty grade comparing to robust grade as described Odd Ratios

Model 1 Model 2 Model3

Muscle mass 0.99(0.93,1.05)  0.97(0.89,1.06)  0.90(0.79,1.02)
Calf 0.83(0.70,0.98)" 0.84(0.70,1.00) 1.13(0.89,1.44)
circumference
LBMD 1.26(0.86,1.85) 1.21(0.81,1.83) 0.82(0.46,1.47)
FNBMDL 0.79(0.46,1.37)  0.94(0.52,1.67) 1.13(0.50,2.55)
AGE 1.09(1.01,1.17)"  1.02(0.92,1.14)
SEX

Women 1.00 1.00

Men 1.31(0.24,7.20)  1.58(0.10,23.62)
MNA 0.72(0.56,0.92)"
Albumin 0.27(0.04,1.72)
KIADL

Disable 1.00

Normal 0.52(0.00,0.66)"
MMSE 0.82(0.66,1.03)
GDS 0.99(0.82,1.19)

Abbreviations: LBMD= Ilumbar bone mineral density; FNBMDL= femur
neck bone mineral density (left femur neck); KAIDL= korean
activities instrumental of daily life; MMSE= mini mental state
examination; GDS= geriatric depression scale. "= p-value<0.05

Model 1: unadjusted

Model 2: Age and gender were included

Model 3: Age, gender, MNA, albumin, KIADL, MMSE and GDS were

included
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3 11.2. Multiple logistic

regression model

of factors associated

frailty grade comparing to robust grade as described Odd Ratios

Model 1

Model 2

Model 3

Muscle mass
Calf

circumference
LBMD
FNBMDL
AGE
SEX
Women
Men

1.00(0.93,1.08)
0.85(0.70,1.04)

1.19(0.71,1.95)
0.44(0.22,0.87)"

MNA

Albumin

KIADL
Disable
Normal

MMSE

GDS

0.91(0.82,1.03)
0.91(0.73,1.14)

1.05(0.60,1.81)
0.60(0.27,1.31)
1.18(1.07,1.30)*

1.00
7.85(0.92,66.71)

0.75(0.62,0.91)"
2.30(1.36,3.88)"

1.17(0.45,3.02)
0.30(0.77,1.20)
1.06(0.91,1.25)

1.00
55.67(1.34,2308.

34)°
0.33(0.19,0.58)"
0.97(0.00,1.44)

1.00
0.03(0.00,0.84)"
0.70(0.52,0.95)"
1.26(0.94,1.67)

Abbreviations: LBMD=

lumbar bone

mineral density;

FNBMDL= femur

neck bone mineral density (left femur neck); KAIDL= korean activities
instrumental of daily life; MMSE= mini mental state examination; GDS=
geriatric depression scale.”™= p-value<0.05

Model 1: unadjusted

Model 2: Age and gender were included

Model 3: Age, gender, MNA, albumin, KIADL, MMSE and GDS were included
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ABSTRACT

Association between decreased bone mineral density,
sarcopenia and frailty using data from Centenarian

Healthcare Maintenance

Kunhee Han
Graduate School of Public Health
EPIDEMIOLOGY & HEALTH PROMOTION

Yonsei University

(Directed by Professor Heejin Kimm, M.D., M.P.H., Ph.D.)

Frailty or frailty syndrome is important concept for approaching
health problems of elderly. In the several studies of western
countries, disease morbidity and mortality were significantly
higher in the frailty elderly than robust. Decreased bone mineral
density and sarcopenia were degenerative disease which increasing
age, these are known as increasing morbidity and mortality in
elderly like frailty syndrome. There were some studies, involving
some western and asian elderly, showed the association between

frailty, decreased bone mineral density and sarcopenia. However,
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studies about these associations are uncommon in korean elderly.
This study was aimed for reveal the association between frailty,
decreased bone mineral density and sarcopenia in korean elderly.

Participants of this study was 1nvolved from health promotion
center for elderly, Centenarian Healthcare Maintenance, which is
public health promotion policy for elderly performed by Seoul
metropolitan government. All participant were over 60 years old
and every participant was taken comprehensive geriatric assessment
including functional assessment and body measurement. Frailty
grade was estimated by korean frailty index which was released by
korean geriatric association in 2010, which based on Freid's
criteria. Also, Participant's bone mineral density, body
composition, demographic characteristics and physical function was
taken for study.

The number of elderly participant was 126. Participant's mean
age was 72.4 vyears old. There were 32 men(25.39%) and 94
women(74.61%). According to frailty grade, robust elderly were
compromised 35.6%, pre—frailty grade were 44.1% and frailty grade
were 20.3%. Variables which showed positive correlation with
frailty score were age, geriatric depression scale, korean
activities 1instrumental of daily life and numbers of chronic
diseases. And there were negative correlation between frailty

score and results of mini mental state examination, mini

_50_



nutritional assessment, life quality, femur neck bone mineral
density and muscle mass. After adjust compounding factors,
multiple logistic regression models of factors associated
pre—frailty grade comparing to robust grade showed higher calf
circumferences reduced frailty risk(OR= 0.83; 95% CI, 0.70-0.98).
And frailty grade comparing to robust grade showed muscle mass(OR
= 0.75; 95% CI, 0.62-0.91), higher score of mini nutritional
assessment (OR = 0.33; 95% CI, 0.19-0.58), absence of disability
which estimated with korean activities instrumental of daily
life(OR = 0.03; 95% CI, 0.00-0.84) and higher score of mini mental
state examination(OR = 0.70; 95% CI, 0.52-0.95) reduced frailty
risk. However, calf circumferences(OR = 2.30; 95% CI,
1.36-3.88)and male gender(OR = 55.67; 95% CI, 1.34-308.34)
elevated frailty risk.

In this study, which is involving over 60 years old korean,
results showed that decreased bone mineral density and sarcopenia
were associated with frailty. Further studies about intervention
methods for decreased bone mineral density and sarcopenia were
required for prevention of sequential aggravation of elderly

health according to the frailty grade.

Key words : frailty, bone mineral density, sarcopenia
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