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B 1. Z2QAXIH0 RF0 CE HOlHW
Variables Total Normal Cognitive impairment p-value
(n=222/100.0%) (n=159/71.6%) (m=63/28.4%)
MMSE-DS score 24,7140 26.8%1.7 19.613 .4 <0.001
Anthropometric factors
Age (years) 74,4166 72.9%6.2 78.1£6.3 <0.001
Menopause age (years) 49,415 6 49,715 4 48,759 0.209
Body mass index (kg/m) 24,7132 24.813.2 24,5132 0,551
Waist circumference (cm) 94.8%14.1 95,5142 93,1£3.9 0.270
ASM index (kg/m’) 5.76%0.58 5.76%0.59 5.78%0.57 0,809
FN-BMD T-score -1.890%0.929 —-1.684£0.836 -2.40810.956 <0.001
Socio—economic status
Education, n (%) <0,001
Lower than elementary 137 (61.7) 80 (50.3) 57 (90.5)
Middle/high school 78 (35.1) 72 (45.3) .
Over than college 7 (3.2) 7 (4.4) 0 (0.0)
Marital status 0,012
Married 89 (40.1) 72 (45.3) 17 (27.0)
Widowed/divorced/unmarried 133 (59.9) 87 (54.7) 46 (73.0)
Health—related parameters
Systolic blood pressure (mmHg) 1294114 8 12774151 132.3%13.9 0.066
Diastolic blood pressure (mmHg) 71,0191 70.6%9.3 71.6£8.8 0.535
Hand—grip strength (kg) 18,745.3 19.5%4.8 16.745.9 (0,001
Gait speed (m/sec) 1,20%0.21 1.25%0.20 1,0710.21 0,001
Drink, n (%) 138 (62.2) 100 (62.9) 38 (60.3) 0,721
Inactivity, n (%) 106 (47.7) 67 (42.1) 39 (61,9) 0,008
ADL impaired, n (%) 22 (9.9) 13 (8.2) 9 (14.3) 0.170
Depressive symptoms, n (%) 33 (14.9) 9 (11.9) 4 (22.2) 0.052
Fall experience, n (%) 53 (23.9) 7 (23.3) 6 (25.4) 0.738
Osteoporosis, n (%) 58 (26.1) 9 (18.2) 9 (46.0) <0.001
Blood parameters
Fasting blood glucose (mg/dL) 1127124 5 113.3£26.4 111,2%19.2 0,567
Triglyceride (mg/dL) 126,7£57.8 128.1£61.1 123.0£48.7 0.552
Total cholesterol (mg/dL) 175.1£36.3 175.2%35.9 174,9%37.6 0,958
HDL-C (mg/dL) 51,4128 51,3125 51,7£13.5 0,865
LDL-C (mg/dL) 98.4%33.2 98.2132.6 98,7£35.2 0,935
Vitamin D (ng/dL) 19.4%10.3 19.6110.1 18.6111.0 0,522

MCI: mild cognitive impairment, ASM: appendicular skeletal muscle, FN-BMD: femoral neck bone mineral density,
ADL: activities daily living, HDL—C: high density lipoprotein cholesterol, LDL—C: low density lipoprotein cholesterol
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¥ 2 fE 37 SUE X0 M2 HOl vl
. Normal Osteopenia Osteoporosis P for linear
Variables
(n=35/15.8%) (n=129/58.1%) (m=58/26.1%) trends
FN-BMD T-score -0,466%0,321 —-1,774%0,405 -3.007%0,610 0,001
Anthropometric factors
Age (years) 68,757 74,3159 78.016.2 0,001
Menopause age (years) 49,755 49.7%6.0 48,7147 0.404
Body mass index (kg/m) 25.313.8 25.1£2.9 23.4£3.0 0,004
Waist circumference (cm) 97.7£15.9 96.3%14.1 89.6%11.8 0.007
ASM index (kg/m’) 5.78%0.67 5.85%0.56 5.56%0.53 0,073
Socio—economic status
Education, n (%) 0.003
Lower than elementary 18 (51.4) 74 (57.4) 45 (77.6)
Middle/high school 15 (42.9) 50 (38.8) 13 (22.4)
Over than college 2 (5.7) 5 (3.8) 0 (0,0
Marital status 0.009
Married 20 (57.1 52 (40.3 17 (2
Widowed/divorced/unmarried 15 (42.9) 77 (59.7 41 (
Health—related parameters
Systolic blood pressure (mmHg) 129.1%13.7 128.4%15.8 131,6%13.1 0.420
Diastolic blood pressure (mmHg) 71.319.2 70.4%9.3 72.318.6 0.609
Hand-grip strength (kg) 19.3%£3.2 19.3£4.9 17.0%6.7 0.015
Gait speed (m/sec) 1,.27£0.16 1.2240.21 1,11£0.22 <0.001
Drink, n (%) 21 (60.0) 81 (62.98) 6 (62.1) 0.879
Inactivity, n (%) 16 (45.7) 56 (43.4) 4 (58.6) 0.141
ADL impaired, n (%) 0 (0.0) 11 (8.5) 11 (19.0) 0,002
Depressive symptoms, n (%) 6 (17.1) 16 (12.4) 11 (19.0) 0.641
Fall experience, n (%) 9 (25.7) 26 (20.2) 8 (31,0) 0.388
MMSE-DS score 26.1£2.9 25.213.8 22.8%4 4 0,001
Cognitive impairment, n (%) 4 (11.4) 30 (23.3) 9 (50.0) 0,001
Blood parameters
Fasting blood glucose (mg/dL) 115.9£35.2 11421243 107.6%15.2 0.113
Triglyceride (mg/dL) 111.0£34 .4 131.8%63.9 124.6%53.4 0.270
Total cholesterol (mg/dL) 165,5%29.7 177.9138.4 174.6%34.5 0,245
HDL-C (mg/dL) 51,5%10.3 50.5%12.3 53.4+14 8 0,466
LDL-C (mg/dL) 91,9124 2 101,1£34.9 96.2134.0 0,546
Vitamin D (ng/dL) 19.119.7 20,3%11.1 17.418.7 0,432

FN-BMD: femoral neck bone mineral density, ASM: appendicular skeletal muscle, ADL: activities daily living, MCI:
mild cognitive impairment, HDL—C: high density lipoprotein cholesterol, LDL—-C: low density lipoprotein cholesterol



A ALE o Q1o dqiE A SRES QAVS Y AR A RYSEY 2Han 24 135

H 3. HY¥LE F0 ME HO Hl
Variables Low Middle High P for linear
(n=56/25.2%) (n=111/50.0%) (m=55/24.8%) trends
Gait speed (m/sec) 0.93%0.14 1.20£0.07 1,46%0.11 0,001
Anthropometric factors
Age (years) 78.7x7.6 74.3%6.2 70,3%5.8 0,001
Menopause age (years) 48.616.3 49,9149 49.1%6.1 0.648
Body mass index (kg/m) 252129 24,8136 241125 0,079
Waist circumference (cm) 95,4%13.1 95.9%15.3 91.9%12.4 0.200
ASM index (kg/m’) 5.80%0.60 5.69£0.60 5.87%0.52 0,525
Socio—economic status
Education, n (%) 0,001
Lower than elementary 46 (82.1) 69 (62.2) 22 (40.0)
Middle/high school 10 (17,9) 40 (36.0) 28 (50.9)
Over than college 0 (0.0) 2 (1.8) 5.1
Marital status 0,001
Married 8 (14.3) 48 (43.2) 33 (60.0)
Widowed/divorced/unmarried 48 (85.7) 63 (56.8) 23 (40.0)
Health—related parameters
Systolic blood pressure (mmHg) 132.3%15.1 130.7x14.7 123.7£13.5 0.002
Diastolic blood pressure (mmHg) 71,2%10.3 71.9£8.8 69.0%8.4 0.216
Hand—grip strength (kg) 16.646.0 18.5%4.5 91.4%5.0 €0.001
Drink, n (%) 31 (55.4) 67 (60.4) 40 (72.7) 0,060
Inactivity, n (%) 33 (58.9) 56 (50.5) 17 (30.3) 0.003
ADL impaired, n (%) 13 (23.2) 8 (7.2) 1(1.8) <0.001
Depressive symptoms, n (%) 12 (21.1) 15 (13.2) 6 (10.5) 0,119
Fall experience, n (%) 19 (33.9) 24 (21.6) 10 (18.2) 0.052
FN-BMD T-score -2.309£0,977 1.86410.906 —-1,515%0,748 0,001
Osteoporosis, n (%) 22 (39.3) 29 (26.1) 7 (12.7) {0,001
MMSE-DS score 221151 25.1+3.4 26,8122 0,001
Cognitive impairment, n (%) 30 (53.6) 28 (25.2) 59.1) 0,001
Blood parameters
Fasting blood glucose (mg/dL) 114.9£19.8 118.1£27.9 109.8+21.4 0,280
Triglyceride (mg/dL) 128.1£55.7 126.9%61.8 124.7£52.1 0,759
Total cholesterol (mg/dL) 175.8%38.5 174.3%37.8 176.0%31.0 0,969
HDL-C (mg/dL) 51.0%12.2 51,9%13.2 50.8%12.5 0,946
LDL-C (mg/dL) 99.1+37.6 97,0339 100,3%27.1 0.859
Vitamin D (ng/dL) 19.3110.5 18.718.7 20.7£13.0 0,488

ASM: appendicular skeletal muscle, ADL: activities daily living, FN-BMD: femoral neck bone mineral density, MCI:
mild cognitive impairment, HDL—C: high density lipoprotein cholesterol, LDL-C: low density lipoprotein cholesterol
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Model 1 Model 2 Model 3
Variables OR | OR | OR |
(95% Cl) prvaiue (95% CI) prvaiue (95% Cl) prvaiue
FN-BMD T-score
N 1 1 1 1
orma (reference) (reference) (reference)
1.856 1.903 1.776
Ost i ) 0,287 ) 0,273 ’ 0,367
steopemia (0.594-5,794) : (0.602-6.011) : (0.510—6,188) :
5.504 4,582 3.929
. ) . i . A
Osteoporosis —; gra-18.106) %% (aae-15.600 O oi-1sesy 008
Gait speed
Low 1 (reference) 1 (reference) 1 (reference)
0.353 0,344 0,470
Middl ’ 4 ’ 4 )
iddie 0s-0m2 % ower-0m09) " (0.208-1063) 07
11 12 24
High 0.116 <0.001 0.129 <0.001 0.249 0,032

(0.039-0.346)

(0.041-0,405) (0.070-0.887)

OR: odds ratio, CI: confidence interval, FN-BMD: femoral neck bone mineral density, ASM: appendicular skeletal

muscle, ADL: activities daily living
Model 1: Adjusted for age,
Model 2: Model 2 + menopause age, body mass index,

waist circumference, ASM index,

Model 3: Model 2 + hand—grip strength, education, marital status, drink, inactivity, ADL impaired, depressive

symptoms, systolic blood pressure, gait speed (for FN—

kS 2718 243 19 3(0R=3,929, 95% Cl=
.013-15,233, p=0.048)°l|A] Q1A|7]-5 A3} =Z0f
gt S4kR7F foeHA =2 A= Uetitt v
ST A AT vlaste] §o3 ZJo]E B
o]Z] ket

E3F BPE o] w2 QA7) 5 A} eZof i
SAHIS At A3} Middle 9} High Heke
Low Aot} v|wste] o] 24t =d 1(Middle,
OR=0,353, 95% C1=0,175-0,712, p=0.004; High,
OR=0,116, 95% CI=0,039-0,346, p¢0.001)3} H&
1of] H)73 tol, AAFA, slefEd, A L5 A
£2 2712 243 29 9(Middle, OR=0,344, 95%

—_

BMD T score), and FN-BMD T score (for gait speed).

CI=0,167-0.709, p=0.004; High, OR=0,129, 95%
CI=0,041-0,405, p<0.001)0llA] Q1A|7]5 A5t =5
of tieh SAZF ol R 0= et 1
efut 2 20] AbelAE adleh A e Welee
IR FHEE 7712 2% 29 394 High A
o] Low Het Hluste] Q17716 A3} ezl
et satlE fofeA w2 Aoz ueih
(OR=0,249, 95% CI=0,070-0.887, p=0.032).
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TN Esro| XEGTH BM p=0.038), &dll 20 27FA 0= ARSI A4 291t
<_;_jL_ 5>T1:‘ EHQ _—,‘j} nif =g _/'\{__74_ ?_117]_1019] ‘T'fl’ 670} %Ej_ tﬂ% %9’] %tﬂ‘%k% Xéfi EH] 30”"15
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4 A3 olg WS g 1) oy gy gy I EE RUGES RRAAC A8 1 A
T 223 02)7]%0] B EBEJ‘Eoﬂ g} 9.0 aie} o] whe Hy&ert o R =Y o
& 2po|7} 9l Ao g Lo m(B=3.593, p= Stz Qg A7 S AoHE AT 4~ Y= ©
0.049), B 19 #7125 Uhel, AR, 5 I
H 5. E #5 2L XI5l Htdol gt Bdszo| xHant
9% Cl
Predictors Coefficients SE t p-value
Lower Upper
Model 1 (R2=0,302, F=23,500, p<0.001)
Femoral neck BMD T-score —4,834 2.204 -2.193 0.029 -9.178 -0.490
Gait speed -1,702 2.517 0.676 0.500 -3.260 6.663
Interaction 3.593 1,818 1,976 0,049 0,010 7.176
R2 change due to the moderator=0,013 (F=3.905, p=0.049)
Model 2 (R2=0,317, F=12,359, p<0.001)
Femoral neck BMD T-score -4.976 2.226 —-2.235 0.026 -9.365 -0,587
Gait speed 1,301 2.094 0,501 0,617 -3.,813 6.415
Interaction 3.859 1,846 2.091 0,038 0,221 7.497
R2 change due to the moderator=0,014 (F=4,372, p=0.038)
Model 3 (R2=0,392, F=8,268, p<0.001)
Femoral neck BMD T-score -4.725 2.159 -2.189 0,030 -8.981 -0.469
Gait speed 0,306 2,536 0,121 0,904 —4,694 5.306
Interaction 3.599 1.783 2.019 0.045 0.085 7.114

R2 change due to the moderator=0,012 (F=4,077, p=0,045)

SE: standard error, CI: confidence interval, BMD: bone mineral density, ASM: appendicular skeletal muscle, ADL:

activities daily living
Model 1: adjusted for age,

Model 2: Model 1 + menopause age, body mass index, waist circumference, ASM index,
Model 3: Model 2 + hand-grip strength, education, marital status, drink, inactivity, ADL impaired, depressive

symptoms, systolic blood pressure,
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Analysis of the Moderating Effect of Gait Speed on the Relationship Between
Femoral Neck Bone Mineral Density and Cognitive Function in
Community—Dwelling Older Women

Min—jun Kim(Changwon National University, Post—doctoral Researcher) -
Go—eun Yoon(Yongin University, Ph.D. Candidate) - Inhwan Lee(Changwon National University, Professor)

ABSTRACT

The purpose of this study was to analyze the moderating effect of walking speed on the association between
femoral neck bone mineral density (BMD) and cognitive function in elderly women. A total of 222 elderly women
participated and were classified into three BMD groups: normal, osteopenia, and osteoporosis, and three walking
speed groups: upper 25%, middle 50%, and lower 25%. Binary logistic regression analysis assessed the relative risk
of cognitive impairment exposure based on BMD and walking speed, while the PROCESS macro (Model 1)
examined the moderating effect. The results of the logistic regression analysis, after adjusting for covariates, showed
that the osteoporosis group (OR = 3.929, p = 0.048) had a significantly higher risk of cognitive impairment
compared to the normal group, while the upper 25% walking speed group (OR = 0.249, p = 0.032) had a lower
risk compared to the lower 25% group. Moderation analysis indicated that walking speed significantly influenced the
BMD-cognition relationship (8 = 3.593, p = 0.049), with results remaining significant after covariate adjustments.
These findings suggest that faster walking speed may mitigate cognitive impairment risk in elderly women with low

BMD, emphasizing the need for interventions to improve walking speed.

Key words: older women, femoral neck bone mineral density, cognitive function, gait speed, moderating effect
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