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ABSTRACT

Objectives: This study compared the differences of postmenopausal women's bone mineral
density in relation to the degree of obesity, metabolism index and dietary factors that affect
bone mineral density.

Methods: The subjects included in the study are 39 postmenopausal women of normal weight
with body mass index less than 25 kg/m* and 32 postmenopausal who are obese. Anthropometry
and biochemical analysis were performed and nutrient intakes and DQI-I were assessed.

Results: Normal weight women were 56.03 +3.76 years old and obese women were 58.09 +
5.13 years old and there was no significant difference in age between the two groups. The
T-score of bone mineral density was 0.03 £ 1.06 in normal weight women and -0.60 + 1.47
in obese women and this was significantly different between the two groups (p<0.05). Blood
Leptin concentration was significantly lower in normal weight women (6.09 +3.37 ng/mL)
compared to obese women in (9.01 £4.99 ng/mL) (p<0.05). The total score of diet quality
index-international was 70.41 £9.34 in normal weight women and 64.93 £7.82 in obese
women (p<0.05). T-score of bone mineral density showed negative correlations with percentage
of body fat (r=-0.233, p=0.05), BMI (r=-0.197, p=0.017), triglyceride (r =-0.281, p=0.020)
and leptin (r=-0.308, p=0.011). The results of multiple regression analysis performed as the
method of entry showed that with 22.0% of explanation power, percentage of body fat (f =
-0.048, p<0.05), triglyceride ($=-0.005, p<0.05) and HDL-cholesterol ($=0.034, p<0.01),
moderation of DQI-I ($=-0.231, p<0.05) affected T-score significantly.

Conclusions: The results of the study showed that obese women have less bone density
than those with normal weight women. In addition, the factor analysis result that affect bone
mineral density showed that intake of fat is a very important factor. Therefore, post-
menopausal women need to maintain normal weight and manage blood lipid levels within
normal range. They also need to take various sources of protein and reduce consumption of
empty calorie foods that have high calories, fat, cholesterol and sodium.
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Table 1. Comparison of anthropometric measurements

Anthropometric Normal (n=39) Obese (N=32) i
Age (years) 56.03£3.76" 58.09+513 -1.956
Height (cm) 167.74 +£5.82 155.40+5.81 1.684
Weight (kQ) 55.65+6.04 64.22+625  -5.855*
V{gﬁ:]c"cumfereme 7441 £523 81781606 -5494*
Bﬁ(‘;"/’gfss NdSX 20314158 26464104 -13.206*
Body fat (%) 28.35+4.01 35.55+6.41 -5.775%
Fat mass (kQ) 1587 £3.31 2231+3.73 —7.693*
lean body mass (kg) 39.78 £4.02  41.76+3.91 —2.092*
Waist-hip ratio 0.86x+0.03 0.91£004  -5.038*
1) Mean £ SD

* p < 0.05 Significantly different between postmenopausal
normal women and obese women by Student f-test



Table 2. Comparison of biochemical indices of subjects

Biochemical Nomal (n=39) Obese (N=32) t
Glucose (mg/dlL) 89.46+10.35") 94.18+13.60 -0.032
Triglyceride (mg/dL) 113.63+61.84 11840+ 61.05 -0.332
fofal cholesterol 515 04+ 3511 210.71+3534 0265
(mg/alL)

HDL-cholesterol 56.38+1256 5465+13.6] 0555+
(mg/al)

LDL-cholesterol 133.85+32.14 132.38+33.44 0412
(mg/al)

Porathyroid hommon o5 134 860 31,74+ 8.29 -1.144
(og/ml)

Adiponectin (ug/ml) 1147+ 7.29 1103+ 4.32 —-0.304
Leptin (ng/mL) 609+ 337 901+ 499 -2919%
Calcium (mg/dlL) 947+ 037 951+ 041 -0434
Osteocalcin (ng/mL)  15.33+ 800 1097+ 458  2.735%
CTx (ng/mL)? 036+ 019 053+ 035 -2.451%
Osteoprofegerin 295+ 239 771+ 279 -7.711%
(pmol/L)

1) Mean % SD

2) CTx: C-terminal telopeptides of Type | collagen
* p < 0.05 Significantly different between postmenopausal
normal women and obese women by Student f-test

Table 3. Comparison of bone mineral density of subjects

Variable Normal (n=39) Obese (n=32) 1
T-score 0.03£1.06" -0.60£1.47 2.116*
Z-score 1.69+£1.03 123+1.52 1514
Osteoporosis index 50.04 + 4.69 46,63 £7.38 2.360*
Speed of sound 1,363.36 £9.33 1,357.60+9.83 2.523*

1) Mean £ SD
* p < 0.05 Significantly different between postrenopausal
normal women and obese women by Student t-test

Table 4. Nutrient infakes compared to 1,000 kcal energy intake
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< 13.78+3.36% 0.2 Ak}l (p<0.05), ThF <]
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7} =904 (p<0.05) . HAVI Q] F A e 22.69+
4.004, HI9HES 20.6214.557 07 ZALE o H (p<
0.05), DQI-1 & §A Ag= B4t 70.4119.347, 1]
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QA4 = izl A=

4 U NATYZ 2 Woror AT YA

=
TUE (T—score) & AAAS W Az}t 7ALe}l A

Variable Normal (n=39) Obese (n=32) t
Carbohydrate (g) 128.38+  73.16" 150.70+ 80.44 -1.223
Protfein (Q) 2845+ 12.77 3458+ 27.32 -1.245
Fat (g) 16.28 = 8.78 15.96 9.74 0.149
Fiber (g) 12.84 7.13 14.30+ 7.64 -0.830
Calcium (mg) 260.08 = 154.10 41495+ 802.84 -1.080
Na (mg) 2,082.44 £1,575.38 2,472.17 £1,398.08 -1.091
Vitamin A (UQRAE) 51610+ 370.62 699.91 + 563.53 -1.649
Vitarmin B, (Mg) 085+ 2.75 0.77 £ 1.55 -1.707
Niacin (mgNE) 8.62t 1.02 8.98 £ 1.11 0.821*
Vitamin C (mg) 93.60t 225.81 93.08 £ 204.45 0.685
Vitamin D (ug) 1.39+ 218 216+ 4.35 -0.964
Vitamin E (Mg) 6.41 £ 3.48 691+t 3.22 -0.628
Vitamin K (ug) 12221+ 106.57 171.26+ 159.73 -1.545
1) Mean £ SD

* p < 0.05 Significantly different between postmenopausal normal women and obese women by Student t-test
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Table 5. Diet Quality Index-Inferational (DQ-I)

Variable Scﬁsozg;fes Normal (n=39) Obese (n=32) t
Variety 0-20 15.35+ 3.32" 13.78 £3.36 1.977%*
Overall food group variety 0-15 12.07 £2.43 11.34 +2.82 1.175
Within-group variety for protein source 0- 56 3.28x£1.73 2.43+£1.83 1.993*
Adequacy 0-20 31.05+6.41 29.62 + 6.52 0.925
Vegetable group 0- 5 3.82+1.35 3.34+£1.45 1.429
Fruit group 0- 5 2.87£2.24 3.12+225 -0.471
Grain group 0- 5 3.71 £1.41 3.75+1.10 -0.105
Fiber 0- 5 438+1.13 418+1.22 0.700
Protein 0- 5 4.84+£0.53 4,81 £0.59 0.250
Iron 0- 5 4.79+£0.76 4,62 +£0.94 0.838
Calcium 0- 5 2.84+1.32 2,37 +1.38 1.458
Vitamin C 0- 5 3.76+1.62 3.50+1.62 0.693
Moderation 0-40 22.69 +4.00 20.62 = 4.55 2.035*
Total fat 0- 6 5.38 £ 1.40 5.15+1.74 0.611
Saturated fat 0- 6 553+ 1.40 534+ 1.65 0.525
Cholesterol 0- 6 563+ 1.46 4,81 £2.37 1.509
Sodium 0- 6 0.76+1.78 0.46+1.34 0.787
Empty calorie foods 0- 6 5.53+1.09 4,96 +1.63 1.684
Overall balance 0-10 1.48+£1.93 1.00+1.75 1.100
Macronutrient ratio (carbohydrate : protein : fat) 0- 6 0.71 £ 1.41 0.37£1.07 1.163
Fatty acid ratio (PUFA : MUFA : SFA)? 0- 4 0.71+£1.25 0.43+£0.98 1.056
Total DQI-I Score 100 70.41 £9.34 64.93 £7.82 2.685%*

1) Mean £ SD

2) PUFA: Polyunsaturated Fatty Acid, MUFA: Monounsaturated Fatty Acid, SFA: Saturated Fatty Acid
* p < 0.05 **: p < 0.01 Significantly different between postmenopausal normal women and obese women by Student t-test
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Table 6. Correlation of bone mineral density (T-score) with related
anthropometric and biochemical index

Variable r p

% Body fat -0.233 0.050
Body mass index -0.197 0.017
Triglyceride -0.281 0.020
HDL-cholesterol 0.347 0.004
Leptin -0.308 0.011
Adiponectin 0.160 0.194

Table 7. Correlation of bone mineral density (T-score) with related
Diet Quality Index-International

Variable r P

Within-group variety for protein source 0.277 0.019
Moderation -0.305 0.010
Total fat -0.239 0.045
Overall balance 0.276 0.020
Fatty acid ratio (PUFA : MUFA : SFA) 0.258 0.030

29 A F & AAK FEL(B=—0.231, p< 0.05) &2
o] YeRtal, HDL—Z#IHIE2 (3=0.034, p<0.01)
oFe] o] Lehgrh



Table 8. Mulfiple regression analysis on bone mineral density (T-
score) by anthropometric and biochemical index and
Diet Quality Index-International

Variable 2 B coefficient p

% Body fat -0.048 0.049
Triglyceride 0.20 —-0.005 0.039
DQl-[(Moderation) -0.231 0.040
HDL-cholesterol 0.034 0.003

Adjusted for age, weight, height, diefary supplement, hormonal
replacement therapy
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A 6.0913.37 ng/mL, Bl 9.0174.99 ng/mL=E =
UE7p ke vwtol A §191e] E57) 52 Z1 0% FARY
o] A8 A7 Ao} Yx|eh= AE VERTE 1941 ¢lA]
504 A1 o3& th o= vivkee] uhe} f9E Ak <l
Tol M 7drel vls) vlnkrell A f'le] FEvt =A =
AP QATH27]. 2 ATl OPG7E A7 2.95+
2.39 pmol/L, B9t 7.71%£2.79 pmol/LE H]qkatol|A]
A YERTE. o= A et 'l OPG ¥ A8 <1
7] Ate} o] siglo] OPGE] A4S 57 1A HIThrel
A OPGe] 5%7} =4 Uepston, o] iAol J3ks
Fof HlRhrel AT} A vERd Zlo 2 AlE T
Aslerd Z384d BAARI @ AH @S )] A9l o
S st Yeod] dA7ellx= o] 57185 o
LA Tt T = Ao ARG, HA7]A
40tjjoll A 50t) Afolofl] @ AH| @ ZEA O] F T} AksE]=
Zow VERITH28]. T #17 odE o ® Alsid A
T M ERRNRS 7]F0 % Atel Hlsh vt @
AH L Z G FETE A AR I [29]. BEgE Sk H
A&tV E trakeF v] eSS Fete] i
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A5k Aol 7 tiiksSrellA] L H Q24 w5
7h e Ao AN QIUH30]. B v} gAEES T 7]
To7 ¥ o34 e B oAl FRE BT A8 o
TAIR= vluktol] QlolA] QA QA9 F T U L
Epet 3 A5t Aol A Vel
7NRQ1E] ok AHIE Ttetel| Hlalixle 7iQ1e) ki A
F o] )7} =5 50 F7kel A MNEAQl AAfe] o]
7He A Qsirt & AT ALY A H7)F A3 w|nkte] 2
ARE] Ao| Ardarte] v]sl] vk A 02 AT Tl o
e o Ak A (DQI-D ¥ 24 v 9 &
gk Aol A= Aake] Ao THE 4= st &
2aLe] Ao a7t =2 4742 13d 24 (hip fractures)
ol Uy 9 ETF e 107 B stk (31]. # A
A= DQI-TE o]g-38te] 7t vinkre] 2ake] 24 3
7hsto] =i el s mX|= Q]lo] FollX] #AlE A
I U} Ak Ao vhekst vl AF, 3/3 7 A
WA AF7F oFe] Aol vebte, HAN 3 5 F
AL, AA F3H(F AL, AL, 2R AHE,
9 empty calorie foods A3 &2 AaAdo] Liet
olof], ZgAdF uk ofue} 35 #|7 oA ] AALA]
254 TSy, AR A3 A
, S LA, ZEAEHE UEF 5
9] $tgfo] =2 empty calorie foods 4]
Q3 Z o2 AlgHth
2ALE] @13} Y s)st
= A, Aake] el
o] 52 S vER e, HDL—
Zel e zo ot S Q9o 2
AR AT AT} At AT Ai= A& H7 o1dS o
o gyt eyl e gl 5] Feel HDL -
S AEIE ] o] vepstow, vhe SAAY 5
T uE A9 2 FAE oshe 29lo g AAEnt
ATH32]. &=9] 17 oS o AlSE AFrelM
) ¥ A A (Trochanter) =49 & Fdl A8 &3
LDL—Zz1HE0] &2 AHaAIE Belvkal skl [33].
Ul FdlxElEo] shzA|aEe] 3737 Al Heish
[34], Atshal A Aol 2zAEe] S99 2=
P& AAlsh= Bl ow F5330TH3E]. ol A& 29
2E|Eo] Aol Tofsh= A0 R 2 Ae] Aol &
T A- T} ZdEeke] IAdo) VRt 218 A E = 99l
oh, B3k B el I s "3 A% 0]9]9] 2JAke] A
o] 7o) WA g 5 T AR AN S E A

Ab, xsAal, FHAHE, UEF % empty calorie
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AN E HE F oS ez =g AAke
= B Atk AL ZFA Gl wet
25 kg/m? n|Rkel 4= 3992} 25 kg/m? o) 2] vyt
329, T 71%8S udos diaATE Al eIt
% = A4t 56.03+3.764), BlNE
58.09%5.1341% 01 fo)gh zle] & Wol#] ekttt Al
AT T ERl AXSE, AR, AR, 55
WEo] BF f-28H vlnkellA] =] UERst (p<0.05).

2. FAEIS AAFO 509+ 3,37 ng/mL, B]YHAS 9.01
+4.99 ng/mL °]1tH(p<0.05) . L AH Q@ ZAE GAkrol]
] 15.33+8.00 ng/mL, B]9HrelA 10.97£4.58 ng/mL
o]H, Osteoprotegerin® B+ FE+ 4 295+
2.39 pmol/L, B]WE 7.71+2.79 pmol/LE 23k x}o]
= B3 (p<0.05).

3. FUE =74 A3} T-scorer AAlA 0.03+1.06
o] 31 HIwkol A —0.60E£1.472 ZAFE T (p<0.05).
Osteoporosis index®= A4 50.04%4.69, B9k
46.63£7.38, Speed of sound= 2+ 1,363.36£9.33,
1,357.60+9.83 0% A K T} H|RFo A f-24 0
A YERTH(p<0.05).

4. 221 A 3711 DQI-1 w4 A3} vk ol
e 15.356%3.327], BN 13.78£3.365 0% =
A=l e ], Tt (variety) o] @4 5 WA AEe] 4
H AFHAA R oM = 2ol 3.28+1.73% 0% H]
Thre] 2,43+ 1.838 5Tt H7E E9eH(p<0.05) . =A13
(moderation) 2] & A= -2 22.69£4.004, v]wk
T2 20.62£4.558 07 ZALE Sl oM (p<0.05), DQI-I
% 3 A W 70.4119.34%, ¥t 64.93F
7.827 0% Aol M o2 0% A YERTH(p<0.05).

5. U X (T—score) 2 AAAIS 4 A3}k 7ALeke] A
AA A Ay} T—scores ADZFAGF (r=-0.197, p<
0.05), T34 (r=-0.281, p<0.05), &l (r=—0.308,
p<0.05)¥h= 52 o] vebstor, HDL - 28l =
(r=0.347, p<0.01) = k2] A E Hebfsit.



6. ¥ X (T—score) 2t
(r=0.277, p<0.05), & ¥4 T (r=0.276, p<0.05),
AHAF(PUFA : MUFA : SFA) 9] A3 8]1& &% (r=0.258,
p<0.05) F+= Fe] Ga/do] vebsko, & dAY &5
(r=-0.305, p<0.05), F A% &+ (r=—0.239, p<0.05)
The 59 Addel vebstt
7. 95878 Sate] U= (T—score) 9k] #1Q
el thst Fdes et A, A2 22.0%% A
& (B=—0.048, p<0.05), T4#" (B=—0.005, p<0.05),
T HAN B (B=-0.231, p<0.05) F2] o] vt
Ebskal, HDL -8 ~H &2 (3=0.034, p<0.01)2 42
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