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ABSTRACT

Osteoporosis, the typical metabolic bone discase of the elderly, is characterized by a reduction in bone mineral density (BMD)
and increased fracmre risk. Genetic and environmental factors are known to play a key role in bone metabolism, and diet is also
considered to be one of the important factors. The purpose of the present study was to investigate the relationship among the
factors affecting BMD, including stature, body weight, age, time period since onset of menopause, and biochemical markers of
bone turnover in postmenopausal women. Seventy-eight postmenopausal women who visited health promotion center for health
examinations volunteered to participate in this study and they were divided into two groups according to the time period since
onset of menopause: women with a time period since onset of menopause of less than 5 years (Group 1) and women with a
time period since onset of menopause of 5 years or more (Group 2). The demographic characteristics and dietary intake were
surveyed using a questionnaire, BMDs of the lumbar spine and femoral neck of subjects were measured by dual energy X-ray
absorptiometry. Serum levels of 25-hydroxy-vitamin D and parathyroid hormone (PTH), known to be indicators of bone related
hormone starus, were analyzed. Serum samples were measured for calcium, phosphorus, alkaline phosphatase, and osteocalcin as
bone formaton indicators, and urine was analysed for deoxypyridinoline, creatinine, calcium, and sodium as bone resorption
indicators. The results are as follows: The mean BMDs of the lumbar spine and femoral neck were 1.02 x 0.02 g/cm’ and 0.81

+ 0.02 g/cm?, respectively, and the BMD level of Group 2 was significantly lower than that of Group 1 (p < 0.01, p < 0.05,
respectively). The mean daily intake of energy was 1838 £ 55 keal. When nutrient intake was compared with the recommended
dierary allowances (RDA) of the subjects, only calcium, vitamin A and riboflavin intake showed means lower than the RDA. The
nutrient intake did not show any significant differences berween Group 1 and 2. Serum and urine levels of biochemical markers
of bone turnover did not show any significant differences between Group 1 and 2, and all were within the normal range.
However, the PTH and deoxypyridinoline levels showed a tendency to be higher, and the osteocalcin level to be lower in Group
2 than in Group 1. Although age and years after menopause (YAM) showed negative correlations with lumbar spine bone
mineral density (LBMD) (r = -0.38, p < 0.001, and r = -0.26, p < 0.05, respectively), no correlation was found with
femoral neck bone mineral density (NBMD). While height, body weight and body mass index (BMI) showed a positive
correlation with LBMD (r = 0.32, p < 0.001, r = 0.38, p < 0.001, r = 0.22, p = (.05, respectively), only body weight and
BMI showed a positive correlaton with NBMD (r = 0.30, p < 0.01, and r = 0.27, p < 0.05, respectively). There was no
significant corrclation between BMDs and the nutrient intake of subjects, except in the case of carbohydrates (r = 0.22, p < 0.
05). Also, serum and urine levels of bone turnover markers showed no significant correlation with nutrient intake. On the other
hand, serum osteocalcin had a positive correladon with vitamin C intake (r = 0.22, p = 0.05), and urine deoxypyridinolin
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showed a negarive correlation with niacin intake (r = -0.22, p = 0.05). Udnary Na was negatively correlated with protein
intake (r = —-0.23, p = 0.05). The results suggested thar it is difficult to prevent the decrease in bone mass among

postmenopausal women eating the nsual Korean diet. However, the BMDs of the lumbar spinc and femoral neck were positively
related to body weight and BMI in postmenopausal women. Therefore, this study confirmed that one of the most cffective ways
to minimizc bone loss in postmenopausal women would be to maintain an adequate body weight with balanced nutrient intake
and activity in the pre — and postmenopausal periods. (Korean J Community Nutrition 7(1): 121~129, 2002)

KEY WORDS: bone loss - bone mineral density (BMD) - body mass index (BMI)

N Z

At w3t AsEd wet =
TAdwe] Hglsly] Wiel] FAA] HIlE x009 F8
8 AZHEAE EH-rE At} EUFTL FFo] sl
Zugt AT 22 S Yoy)] AE dAE 2=
(Christiansen 5 1990) A4 & vz (ty‘pe D3
A E0EF(type 222 FEHY. ©] & 78‘—?*
thxze) o 1_.?_].5_’ Zo xﬂoﬂ/ﬂ;}ﬂOﬂH Z3 4 (bone
formation)® F&(bone resorption)?] ETH ] 23}
2 == Zé&do|tHEricksen & Langdahl 1997). @7
7] Aol FEE ZEFL A F7)

,_/,h_}\lo 5;7}_-5}__7;_ = _c_._}

(=]

=

11—
il
=
=

"o

z 1;1-)@0 = 3

e Aol EFLo= 7] E4F(trabeculae)d] 24 &
AT 5 du, FA FFo] PadAt FATH (tzabe-
culae plate)el FF=o] o F27} FAEE BE@ 27

o= Zdo] ZAlstA fot
FTHEEE 2052 A5de] gl7] dEel oite] 7}

¥ %k o3 Frtwgee fLagle ga ?“01
%T?MO]E} *“Ec’ﬂ FEgE VA= 290

ks SR ?‘4 29l %‘-01] e
127} 24 **Zh-} FA ) Foshy 2

DA VEE So] Fag 9L d= figi ok A
G w7 A 5o Aol ZERFe) FE4 2 2EY 9
& @472 (Elders F 1994 : Smith 5 1989) 22
=8 ZEAdFd FH5QA ¥ dEde] ke Eo
(Hu % 1993 Metz % 1993 : Ramsdale ¥ 1994)¢} A
8 BAA o] gobe ke B urt itk Mazess & Bar-
den 1991 ; Sowers 5 1992 : Stevenson % 1989). ¢19
HAHHE el T8 waisto PTHS 24Hl1E 24
7 ZA9 BEAGFE Z7MAZ 4= 9109 (Calvo 1994),
agdHols AA7]dE FAY HBE FAANIAL U4

o7} Z7katEA 1% P2 9 7159 ¥sE 228 &

:|o
r3£
13 r
ko J
s
M

E T dEudEe FA712 ol miet X Zed
FTEZ dAGA fA57) Yt 2desHE LeAE
FE FAAA HEE A&H] adwsels 25 En

- postmenopausal women.

FZ9 4¢le] B 4+ Uk (Kerstetter & Allen 1994 ;
Metz 5 1993). Zelvt 60 g/YellA 90 g/2 A=l vl
A HHo e = F Tguldde] o3t Zhgarde] WHalA
ST (FAR F 1991) TE= Sl HFH Tk o
FEEAZE ke Ram vk (Lacey & 1991).

olo] B oM AZRRNS A AM-gdgm ¥yl A
FEUAHE VEY AR F A 183& PO 9o

RS LotR A} St
5}% ol n A} ALY HAE
A o)A URo) Bl
AHa, Ao] Qxtel FUR g FujAlR|Eeote] RS
BA5le] dArael o] M7 WA F FEdd Aqud

JPE WAL S FHRL A ST

1. AL

19974 10258 1997 12€974R] ARAES 93] A
Sdigtu Y AZSAAHN s |73 & d=94 F,
W A 40A] ol 2=7|HAA}, Aot dAE HEAS)
o HAe] ¥ 94, &4 FoeE A8 F ‘
ulZe] 23 & 43 4 25 odgke vl?ﬂ F =
FEHEAE AQstn B AT Fx2 e 781
2 AT7E Aldsth 173 vk A=)t gl 11 Ao
T 671€ ol ATE 492 Aosder Qpdidas
2 ¥H7F F A7 wet 12(#H72 F 5d vwd)
22(A7 F bd o) o= Yol

2. TAEY
1) TATYARS) 2 2E R UAHEN

En
EX)
3%



28 HEZA5(BMI, Body mass index, kg/m)E T

s,

2) SYUA L Ye 2y
FIBAAANE A WP A9 A 4B
GES £ e e 4F 4AFL VIYHES Sgn
4w a0 TPE NF A9 293 240 YABE
i AEgeR 7|BSES S HEA7} 959 T o
<

FHoREE A5 TRoE &
2 £49 & T (1998) ot g= J %‘ 2 AH(1995) <]
F& 4 33 AFAAATY FLITFHAA RS}
e &-49] rec1pe data base S| *]%E] ATt g
£ FoxPro program(Microsoft Corp

Ag-ste 949, Aelalgloen o

—45

e R R
O

e AFEFHES
Redmond, WA, USA)

S AZonRE YA FUb @4&%—*%»\3%&(1996)
9] PR IS o) g3tel AL,

95 o)F WAM] FF9(dual energy X-ray ab-
sorptiometry-DEXA  DPX-L, Lunar Radiation Co.,
Madison, Wisconsin. USA) 2% 8 3(lumbar spinc)<}
o) &) A5 (femoral neck)l M S stGrHGler & 1990 :
Wahner & 1988). A QoA A 405
7R e FRE Gt FXo|H AR A4 24 s W B

A9 7182 ARort Aefd A= (ol

4) SHMNE KA
gl 9 &g 27 FRAAE M offl 840 x| 3]
o] —T0CE P& B@stEtrt Gatel ARestant €3
25-hydroxy vitamin DY I8 M3 W< (Instar
Co., Stillwater Minnesota USA), ¥4 8 == (intact
PTH-Nichols Institute Diagnostics, San Juan Cap-
istrano CA, USA) ¥ osteocalcin(RADIM SpAa del
Mare, 125-00040 Pomezia Iltalia)& “IZ A& Hew
AEAE (immunoradiometric assay-IRMA), $2] deox-

ypyridinoline® F&=17] vlgAl AHF-E44 (chemilumino
magnetic panicle competitive autoanalysis. Chiron,
USA), Z. <¢l. alkaline phosphatase, creatinine
AEsEE Ay JESL [SE A= (on selected elec-
trode method)_i SAstEt

5 FHEA

AR EAEAL SAS(Statistical Analysis System)
package® ©|&std Z WiQlel} B, ELA} T4 7]
22 BAXE destdn A4 3 5d vvkrs 54 o4k

a =5

ST 123;

b

249 - o)Al - o]l - 2 - Ple - A -

T 7+ f-9) AL ttestol o8] HASAT. SYEg} o]
o L& v|A = FHLIR) B4 & Pearson's corre-
lation coefficient® T~alth.

L FU O N By

1. TAHYAS S A AL, MAHEA R 2R
ZAAre] A%, 2%, AF, BMI, 2493, 934
2, 973 £ 717t 2 3= tigk 43 Table 13} 7t}
ZA AR BFAHES 56.6 £ 0.64AM 4TARE 69
A7px) EEE QT tMZ% o] 7 BFE d8L 139
52.6 == 0.54(47~59) % 2&% 59.1 £ 0.741(51~69)
Bt FFAE AF -}Z% 02+ 0.55 cm, 59.34
+0.76 kg & Vel 7 4 J’ BaAE BAF 79

e govt 27N we ARG m%‘—s& iﬂ%% 27
(57.8 £ 1.0 kg)o] 13%(61.1 = 1.2 kg)oll ® AX L
2 937 % 2 BTt <005. ¢ oI5

BT AAEASFE 244+ 0,32 Ré@—"rﬁé—olM.L 9]
= 19.7914 3057219t 22 FHL 15.8 £ 0.2 A1,
HARL 499 £ 0.44)E 27(49.2 = 0.54) 9] AR A
2 134(50.7 £ 0.54) Bt} folH ez wal HEEH] A
2 Zo)AE & & T p <0.05). BE HAE F 7
62k 0.6d01gem, 1FL 1.9+ 0.3, 222 9.9+ 0.6
Hesthp < 0.001).

%9 fEEe B FUEE 47 1.02 + 0.02 g/em’,

g,

172

Table 1. Demographic characteristics, anthropometric data and
BMD of the subjects by menopausal period

Variables Group 1 Group 2 Total
N 36 42 78
Age(yrs) 5256 £ 0.50 59.12 £ 0.68*** 36.09 + 0.57
Range 47 -59 51-69 47-69
Height(cm) 156.81 + 0.84 155.35 = 0.71 156.02 £ 0.55
Weight(kg) 61.08 = 1.16  57.84 = 0.96* 59.34 + 0.76
BMI(kg/m®) 2481 + 044 2396 x 0.35 24.37 £ 0.28
Age at 1567 £ 0.28 15.88 + 0.24 15.78 + 0.18
menarche(yrs)
Age at 50.72 + 047 49.21 = 0.49* 4991 + 0.35
menopause(yrs)
YAM(yrs) 192 + 0.26 9.90 £ 0.58%* 622 £ 0.56
LBMD(g/em?) 1.07 + 0.02 0.98 + 0.03** 1.02 £ 0.02
NBMD(g/cm?) 0.85 £ 0.02 0.78 £ 0.02* 0.81 + 0.02

Values are Mean =+ SE

BMI : body mass index

YAM : years after menopause

LBMD : lumbar bone mineral density

NBMD : neck bone mineral density

Group 1 : postmenopausal period less than 5 years

Group 2 : postmenopausal period of 5 years or more

*, w5, w4 1 significantly different at p < 0.05, p < 0.01 and p < 0.001
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Table 2. Daily nutrient intake of subjects by menopausal period

Group 1 Group 2 Total
Nutrients Intake %RDA? Intake %RDA Intake %RDA
Energy(kcal) 1871.0 =+ 780 93.54 18100 = 770 90.52 1838.0 =+ 55.0 91.92
Protein(g) 779 £+ 6.5 129.75 696 + 37 115.95 734 + 3.6 122.32
Fat(g) 395 + 40 - 382 £ 5.1 - 3886 + 3.3 -
Carbohydrate(g) 3070 £ 123 - 297.2 + 106 - 3017.0 + 8.0 -
Ca(mg) 600.3 + 524 85.76 559.8 + 457 79.97 5785 £ 340 82.64
P(mg) 11710 £ 760 167.31 1123.0 = 50.0 160.37 1145.0 -+ 440 163.57
Ca/P ratio 049 + 0.02 - 051 = 0.04 - 0.50 + 0.02 -
Fe(mg) 145 = 1.3 121.00 144 + 09 119.75 144 + 0.8 120.33
K(mg) 2661.0 =+ 188.0 - 2464.0 £ 135.0 - 25550 +113.0 -
Vitamin A(gRE) 6484 + 822 92.63 5386 = 739 76.94 589.3 £ 55.0 84.18
Thiamin(mg) 1.22 £ 0.08 122.42 1.26 £ 008 126.48 125 £ 0.06 124.60
Riboflavin(mg) 1.06 = 0.08 88.54 099 =+ 0.05 82.10 1.02 £ 0.05 85.07
Niacin(mgNE) 156 £ 1.1 119.68 15.2 £ 0.1 116.79 154 + 0.7 118.13
Vitamin C(mg) 1048 + 121 190.50 1044 =+ 133 189.87 1046 £+ 9.0 190.16
Values are Mean + SE %RDA : Nutrient intake of sujects as percentage of Korean RDA
Group 1 : postmengpausal period less than 5 years Group 2 : postmenopausal period of 5 years or more



Table 3. Biochemical markers of bone turnover of the subjects by
menopausal period
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Table 4. Correlations between BMD and demographic charac-
teristics, anthropometric data in menopausal women

Variables Group 1 Group 2 Total Variables Bone mineral density(g/cm?)
Serum LBMD NBMD
25-0OH-vitamin Ding/ml)  13.14 + 0.96 13.55 + 1.01 13.36 + 0.70 r o) r P
PTH(pg/ml) 13.77 £ 1.64 1597 + 1.46 1495+ 1.09 Age -0.38  (0.00)*** -0.19 (010
Calcium(mg/dl) 899+ 0.06 946+ 049 9.24+0.26 Age at menarche ~0.09 (043 -0.10  (0.37)
Phosphorus(md/dl) 3.81 £ 010 359+0.10 369+ 007 Age at menopause ~0.19 (011 -0.01  (0.90)
Alkaline phosphatase  81.11 + 4.79 80.14 + 3.83 80.59 + 3.00 YAM ~0.26 (0.02)* -017  (013)

(UA) Height 0.32  (0.00)* 011 (0.33)

Osteocalcin(ng/ml) 831+127 710%£1.19 7.66+0.87 Weight 0.38  (0.00)**+* 0.30 (0.01)y*
BM| 0.22  (0.05}* 0.27  (0.02)*

Urine - - — -

Deoxypyridinoline 798+ 041 873+ 174 8.07 + 095 r - Correlation coefficient, YAM : years after menopause

(NM/mM creatinine)

Creatinine(mg/dl) 98.83 771 9772 £ 6.74 98.23 £ 505

Calcium(mg/dl) 1441+ 1.18 13.84+1.29 1410+ 0.88
Na(mg/dl) 156.49 + 7.65 152.26 + 7.39 154.21 &+ 5.29
(Ca/creatinine 0.16 = 0.01 015+ 0.01 0.15% 0.01
Na/creatinine 1.85+0.13 179+ 011 1.82+0.08

Values are Mean £ SE
Group 1 1 postmenopausal period less than 5 years
Group 2 : postmenopausal period of 5 years or more
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