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<Abstract>

Objectives: This study aimed to assess whether metabolic syndrome (MS) is related to osteoporosis and investigate the association between
the MS components and bone mineral density (BMD). Methods: We conducted a cross-sectional study for 4,365 women aged over 50
years who completed health examination from 2008 to 2012 in Korea Association of Health Promotion Gangwon Branch. Height, body
weight, waist circumference, blood pressure, fasting plasma glucose, serum lipid profiles, and BMD were measured. Results: Obesity
measured as body mass index (BMI) was detrimental to all of the MS components but positively correlated with BMD at three skeletal
sites (lumbar spine, femoral neck, and total hip). There were no significant differences in the MS prevalence between women without
osteoporosis and those with osteoporosis. In age-adjusted analysis, women with MS had significantly higher BMD at three sites when
compared to those without MS. After adjusting for BMI and age, these significances disappeared, such that MS was not associated with
higher BMD. Conclusions: Our findings indicate that obesity increases the risk of MS whereas underweight increases that of osteoporosis.
The association between MS and higher BMD was explained by the higher BMI in those with MS. MS may not be associated with
0Steoporosis.
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<Table 1> Prevalence of osteoporosis and metabolic syndrome by age or obesity (BMI) group

17

Age (years)

Total 50 - 59 60 - 69 70 - 79 > 80 p for
n = 4,365 n = 2,848 n = 1,157 n = 343 n=17 trend "

Metabolic syndrome
NECP-ATP III 553 (12.7) 269 ( 9.4) 187 (16.2) 91 (26.5) 6 (35.3) <.001
IDF 459 (10.5) 214 ( 7.5) 163 (14.1) 78 (22.7) 4 (23.5) <.001
1. WC = 80 cm 1,450 (33.2) 752 (26.4) 501 (43.3) 190 (55.4) 7 (41.2) <.001
2. BP > 130/85 mmHg 1,212 (27.8) 628 (22.1) 391 (33.8) 181 (52.8) 12 (70.6) <.001
3. Glucose > 100 mg/dL 729 (16.7) 406 (14.3) 227 (19.6) 90 (26.2) 6 (35.3) <.001
4. TG = 150 mg/dL 918 (21.0) 547 (19.2) 271 (23.4) 95 (27.7) 5 (29.4) <.001
5. HDL-C < 50 mg/dL 596 (13.7) 334 (11.7) 184 (15.9) 76 (22.2) 2 (11.8) <.001
LDL-C > 130 mg/dL 1,293 (29.6) 863 (30.3) 347 (30.0) 79 (23.0) 4 (23.5) 025
TC = 200 mg/dL 1,726 (39.5) 1,158 (40.7) 452 (39.1) 110 (32.1) 6 (35.6) .006
Osteoporosis 681 (15.6) 250 ( 8.8) 273 (23.6) 147 (42.9) 11 (64.7) <.001
Lumbar spine 1-4 602 (13.8) 228 ( 8.0) 245 (21.2) 123 (35.9) 6 (35.3) <.001
Femoral neck 189 ( 4.3) 45 ( 1.6) 68 ( 5.9) 68 (19.8) 8 (47.1) <.001
Total hip 114 ( 2.6) 28 ( 1.0) 38 (33) 42 (12.2) 6 (35.3) <.001

BMI, body mass index (kg/mz)

Total < 185 185 - 229  23.0 - 249 > 25 p for
n = 4,365 n="71 n = 1,570 n = 1,192 n = 1,532 trend

Metabolic syndrome
NECP-ATP III 553 (12.7) 0 (0.0 41 ( 2.6) 114 ( 9.6) 398 (26.0) <.001
IDF 459 (10.5) 0 (0.0 12 (1 0.8) 77 ( 6.5) 370 (24.2) <.001
1. WC = 80 cm 1,450 (33.2) 0 (0.0 53 (34) 294 (24.7) 1,103 (72.0) <.001
2. BP > 130/85 mmHg 1,212 (27.8) 14 (19.7) 307 (19.6) 326 (27.3) 565 (36.9) <.001
3. Glucose = 100 mg/dL 729 (16.7) 9 (12.7) 166 (10.6) 186 (15.6) 368 (24.0) <.001
4. TG = 150 mg/dL 918 (21.0) 4 (5.6 190 (12.1) 278 (23.3) 446 (29.1) <.001
5. HDL-C < 50 mg/dL 596 (13.7) 6 (8.5) 172 (11.0) 154 (12.9) 264 (17.2) <.001
LDL-C > 130 mg/dL 1,293 (29.6) 18 (25.4) 458 (29.2) 342 (28.7) 475 (31.0) 200
TC = 200 mg/dL 1,726 (39.5) 26 (36.6) 573 (36.5) 481 (40.4) 646 (42.2) .001
Osteoporosis 681 (15.6) 22 (31.0) 291 (18.5) 171 (14.3) 197 (12.9) <.001
Lumbar spine 1-4 602 (13.8) 20 (28.2) 267 (17.0) 150 (12.6) 165 (10.8) <.001
Femoral neck 189 ( 4.3) 13 (18.3) 77 ( 4.9) 44 (13.7) 55 ( 3.6) .001
Total hip 114 ( 2.6) 12 (16.9) 52 (133) 27 (123) 23 (1.5) <.001

Note: BMI, Body Mass Index; NCEP:ATP III, National Cholesterol Education Program, Adult Treatment Panel III; IDF, International Diabetes
Foundation; WC, Waist Circumference; BP, Blood Pressure; TG, Triglycerides; HDL-C, High-density Lipoprotein Cholesterol; LDL-C,
Low-density Lipoprotein Cholesterol; TC, Total Cholesterol.
Values are presented as the number of subjects with the percentage in parenthesis.

1) Statistical significance was tested by chi-square exact test for trend.
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=9 FHEL Yot & v e AFAAF, 4, AA LR 52 7|20 7 vt AT e} Jue 1H
A%, vEhes TR o gAEFE FHES 47 e C S
5 v)— e - =) =3 Irlalz ¥ 2~E0] U
NECP-ATP Tl 7|Z2E 0%, 2.6%, 9.6%, 26.0%°]}1 oL, o AT QNS FIH F3S udATEs 3
b . b . b . b _Q_ =] _] - P 1_ = - -
IDF 71202 0% 08%. 6.5% 242%0]31ch. ol % =7} & 4% 2= <Table 2> 2ok WA tiASSF &
0, U.070, 0.07%, L70F | AT e W2 Ay U:] ) s 3 .
i}\ﬂ 7] 7:”%‘] o= 0_0/]3]_0;]1 E'é‘] X‘]i—ﬂ OO T=E E_}';L%_H;_ HDL Eiq]———Eﬂ == Xﬂfl] s 1’]'1]1 ] E]'
T e o A MSEIRIE, $57] W, o9 W3, BRYY, F
(BMI < 18.5kg/m’) R He F 712 BTN tAEST + ’ ’ ’
s 6 dsli = A BFolA Bt ART) 2 HGLdTE B ghol
WAL & BE )Y 23 s ST e BAse ¢ e . Sy HEe o AEs) Eo 0
dEd Bol B 1A 1% 220 el A, me o SO HDL SHSAEE VR R 28 A
L5 Bgte] dokxlth 1da tEs #He 9%
HITE A= 52 JEd5S AR HSe] A8 o ce me= e
2 eoja ZAEAZ nh WY ZTohTE GBS W Al T8, fﬂﬂ A, HEHA)Y 2= Hige =
B AT} 0 ABUASE Pasks 2AE wQEHp | HITE A5 52 JAdsE Hgho] Fopsith
& < .001), 27 31.0%, 18.5%, 14.3%, 12.9%°]31T}. ©]2]
g AaFAe Tuese B Al QT HEA
B, i E8HA) RFidME SAXCRE Fofatit
<Table 2> Mean Comparison of variables according to body mass index (BMI) levels
BMI, body mass index (kg/mz) group
< 185 185 - 229 23.0 - 249 > 25 P-
n="11 n = 1,570 n=1,192 n = 1,532 value "
Age (years) 56.3 + 6.6 56.7 + 61" 581+ 6.6° 59.1+69° <001
Weight (kg) £23+374 51.6 +44° 572+ 4.0° 65.1+6.8" <001
Height (cm) 155.1+51* 1553 +52° 1544 +52° 1540 +53° <001
Body mass index (kg/m’) 175+09% 214 +11° 240+06° 274+22° <.001
Metabolic syndrome parameter
Waist circumference (cm) 61.2+39% 705 + 49" 762 + 4.8 835+ 67" <001
SBP (mmHg) 1109 +15.0* 1121+ 1414 1151+ 14.1° 1193 +14.0°¢ <001
DBP (mmHg) 69.0 + 8.5 709 + 8.9% 727+ 88" 752+ 89°¢ <.001
Glucose (mg/dL) 91.2 109" 926+ 174" 951+ 17.6" 99.2 +22,0° <001
Triglycerides (mg/dL) 873 £ 47.0* 99.1 + 554" 121.5 £ 724° 1329 £ 75.8°¢ <.001
HDL cholesterol (mg/dL) 635+114" 602+ 111" 582 105" 56.8 £10.0 <001
LDL cholesterol (mg/dL) 109.7 £ 33.0* 1157 £ 31.1% 1153 £ 320" 1156 £ 33.8"* 494
Total cholesterol (mg/dL) 190.4 +31.2% 195.7 + 34.0% 1976 + 347" 198.8 +359% 029
Bone mineral density (g/cm?)
Lumbar spine 1-4 0.928+0.141" 0.992+0.150° 1.019+0.153°¢ 1.043+0.156° <001
Femoral neck 0.7480.114" 0.814£0.112° 0.833£0.116 0.8440.118° <.001
Total hip 0.78240.100* 0.876+0.114° 0.906+0.119 0.93440.125"° <.001

Note: SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; HDL, High-density Lipoprotein; LDL, Low-density Lipoprotein.

Values are presented as the mean £ SD, standard deviation.

1) Statistical significances were calculated by one-way analysis of variance among groups.
2) The same letters indicate non-significant difference between groups (a = 0.05) on Scheffe’s or Tamhane’s multiple comparison test.



<Table 3> Correlation coefficients between bone mineral density (BMD) and metabolic parameters before and after

adjustment for age and body mass index (BMI)

BMD, Bone mineral density (g/cm’)

Lumbar spine 1-4 Femoral neck Total hip
Before After Before After Before After

Age (years) -0.384"" - 0433 - 0.400™"

BMI (kg/m’) 0.173" 0.149™" 0.249™"

Waist circumference (cm) 0.084™ -0.012 0.062"" -0.005 0.147" -0.007
SBP (mmHg) -0.033" 0.018 -0.074™" -0.009 -0.044” -0.010
DBP (mmHg) -0.006 0.004 -0.033° -0.013 -0.006 -0.014
Glucose (mg/dL) 0.033" 0.048" -0.007 0.013 0.028 + 0.032"
Triglycerides (mg/dL) 0.011 -0.003 0.011 0.006 0.036 0.010
HDL cholesterol (mg/dL) 0.004 -0.010 0.009 -0.014 -0.027 + -0.036
LDL cholesterol (mg/dL) -0.030° -0.055"" -0.027 + -0.054™" -0.006 -0.031"
Total cholesterol (mg/dL) -0.021 -0.053"" -0.018 -0.052"" 0.000 -0.036"

Note: BMI, Body Mass Index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; HDL, High-density Lipoprotein; LDL, Low-density

Lipoprotein.

pvalue ‘< .1, < .05, "< 01, "< 001
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[Figure 1] Relationship between BMI and waist circumference as a obesity measure
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<Table 4> Relationship between osteoporosis and metabolic syndrome

Metabolic syndrome

NECP-ATP I criteria IDF criteria
Absence Presence Absence Presence
n=3,812 (87.3) n=553 (12.7) p-value n=3,906 (89.5) n=459 (10.5) p-value

Osteoporosis”

Absence 3,227 (84.7) 457 (82.6) 233" 3,301 (84.5) 383 (83.4) 5417

Presence 585 (15.3) 96 (17.4) 605 (15.5) 76 (16.6)
Age (years)? 57.47 £ 0.11 60.94 £ 0.28 <.001" 57.53 £ 0.11 61.14 £ 0.31 <.001"
Weight (kg)? 56.83 £ 0.12 63.86 £ 0.33 <.001" 56.82 + 0.12 65.43 + 0.35 <.001Y
Height (cm)” 154.63 + 0.09 154.23 + 0.22 132" 154,58 + 0.08 154.64 + 0.25 824"
BMI (kg/m’%)” 23.76 £ 0.05 26.81 £ 0.12 <.001" 23.77 £ 0.05 27.35 013 <.001"
Lumbar spine2>

Crude” 1.014 + 0.003 1.027 + 0.007 064" 1.014 + 0.002 1.034 + 0.007 009"

Age-adjusted 1.010  0.002 1.056 + 0.006 <.001Y 1.010 + 0.002 1.064 + 0.007 <.001Y

BMI-adjusted 1.018 + 0.002 1.003 + 0.007 .039” 1.017 + 0.002 1.005 + 0.008 113Y

Age+BMI 1.015 + 0.002 1.026 + 0.006 087" 1.015 + 0.002 1.028 + 0.007 059"
Femoral neck”

Crude” 0.829 + 0.002 0.826 + 0.005 550" 0.828 + 0.002 0.829 + 0.005 892%

Age-adjusted 0.825 + 0.002 0.850 + 0.004 <.001” 0.825 + 0.002 0855 + 0.005 <.001”

BMI-adjusted 0.831 £ 0.002 0.808 + 0.005 <.001” 0.831 £ 0.002 0.808 + 0.006 <.001?

Age+BMI 0.829 + 0.002 0.828 + 0.005 942" 0.828 + 0.002 0.829 + 0.005 965"
Total hip”?

Crude” 0.902 + 0.002 0.911 + 0.005 083" 0.901 + 0.002 0.917 + 0.006 009"

Age-adjusted 0.898 + 0.002 0.935 + 0.005 <.001” 0.898 + 0.002 0.942 + 0.005 <.001?

BMI-adjusted 0.906 + 0.002 0.883 + 0.005 <.001" 0.905 + 0.002 0.883 + 0.006 <.001"

Age +BMI 0.903 + 0.002 0.902 + 0.005 865" 0.903 + 0.002 0.903 + 0.005 949"

Note: NCEP:ATP III, National Cholesterol Education Program, Adult Treatment Panel III; IDF, International Diabetes Foundation; BMI, Body Mass

Index.

1) Values are presented as the number of subjects with the percentage in parenthesis.
2) Values are presented as the mean + SE, standard error of BMD (g/cmz).

3) Statistical significances were tested by Fisher’s exact test.

4) Statistical significances were tested by analysis of covariance.

5) “Crude” means the relationship is presented without any controlling or adjustment for possible confounding variables.
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<Table 5> Logistic regression results for predicting osteoporosis

Dependent variable: Osteoporosis status (0=Absence, 1=Presence)

Independent Any site Lumbar spine Femoral neck Total hip
variables Exp[4 p Expl4 p Expl4 p Expl4 P

Age (years) 1.141 <.001 1.125 <.001 1.159 <.001 1.179 <.001
BMI (kg/mz) 0.850 <.001 0.847 <.001 1.182 <.001 0.727 <.001
MS: NECP-ATP I

Absence 1 1 1 1

Presence 1.079 590 0.985 922 1.142 524 1.836 .035
Age (years) 1.141 <.001 1.125 <.001 1.181 <.001 1.182 <.001
BMI (kg/mz) 0.851 <.001 0.846 <.001 0.821 <.001 0.734 <.001
MS: IDF

Absence 1 1 1 1

Presence 1.066 682 1.021 .902 1.485 109 1.544 196

Note: BMI, body mass index; MS, metabolic syndrome; NCEP:ATP III, National Cholesterol Education Program, Adult Treatment Panel III; IDF,

International Diabetes Foundation.
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