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n=40

Mean SD
iy () 30.2 5.1
HH PE [E1 5 1.8 0.8
K (ecm) 159.3 4.8
%1 HRE (ke) 53.9 5.4
IEWRERT BMI 20.7 2.5
1 1 BMI 21.0 2.4
22 2 # BMI 22.7 2.5
REREINE 5 1~ 288 (ko) 4.1 1.5
AREIEINE : 26 2 P~m KR (kg) 5.1 1.7
TEfGIE GR) 39.3 1.1
Stiffness 1¥! (ST1) 89.1 15.4
Stiffness 2*1 (ST2) 89.6 15.3
Stiffness 3*1 (ST3) 82.2%%#2 136
BEEEERD : (ST2—-ST1)/ST1 (%) 1.1 6.8

(LD : (ST3—ST2)/ST2 (%) —7.9
ZEER® ¢ (ST3—ST1)/ST1 (%) —7.3

7.2
7.9

¥ .

BEERE, AXBH, RERO

TR 18 (R

11-163H), 235 2 1 (24-28H), 3 i3 3 (H

FERS 1 HLIY)

#2

: ST1~ST3 WOV IR L Db 5558 Hitk, ST1 I

FUST?2 L D& E L, ** P<0.01
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HPEREER A CIX LR O IRE M — 1.0%, #F2E it
+3.6% CRIERAPEEICE L, ZIEQTIREE
RO T2,

AP L OB O F BEREFRERE S LU
KOFEE, FEERETERIICIRT, Cah /Y A
v OERCE TR, B 34 Th - 7o,
B EOFEEE R Rl e n Zh T b
FF—1727, 1765 keal, 7= /AL <'EH65, 68¢g, Ca 563,
608 mg T, Rt & EFEHMOMEEITVTN LIS
Do oo BB FRE &R EOMEITDE <, [
AZEZVITNE DD KREDL ST,

STE & BEEAZR, BLUZNL L FEEN

F£3 FEREFPOXRBREBENE LS LOSHHOTFHIHE,
BRiEfR = n=40
Mean SD Mean SD
T HI)VF—keal 1,727 364 1,765 283
7AEL B g 65.4 15.9 68.0 16.0
JFE ¢ 61.0 18.9 58.8 14.2
RIKALHD ¢ 224.7 48.5 236.3 44.8
J1IV/ v I mg 563 173 608 201
SH GF) 5,567 2,941 6,052 2,876

4 Stiffness (ST) flis LU LN OOLALER L HEAVRE, KERERE (TroLF -5 L OHBERK

n=40
ST1# ST2* ZALR O ZALRQH ZALRO"
HEkibE GE) — — —0.02 —0.05 0.03
ST1 — 0.93%* —0.22 — —0.30%
ST?2 0.93%* — 0.16 —0.29* —-0.15
RO —0.22 0.16 — —0.32% 0.46%*
ZALRQ — —0.29* —0.32% — 0.71%*
i 0.02 — —0.07 — —
HPE [ 50 -0.25 — 0.23 — 0.27
Hk —0.07 — -0.16 — —
BMI : # 1 1] 0.31% — 0.22 — 0.13
BMI : # 2 1] — 0.43%* — —0.02 0.10
PRERINE : 55 1 Wi~28 2 1A — 0.05 —0.03 — —-0.13
REINE « 5 2 Wi~ KF — — — —0.29* —-0.13
R~ — — 0.20 — 0.05
B¥EH B — — — —0.06 —-0.13
BiCEH A EERE 0.24 0.18 —0.14 0.00 —0.01
TV NERE —0.04 0.06 0.30* -0.15 0.07
B AT BIEE — — — —0.16 —-0.08
HIVy 7 SRR E — — — 0.21 0.21
ko BlE, —  EHEd, *: P<0.05, ** : P<0.01
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R=0.50, F=4.05, P=0.014

R=0.38, F=3.04, P=0.060
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BN
K&
R
[y
£
S
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7o AT BB E
SESELL -
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—1.89
3.09

(1.4)
(1.4)

0.018
—10.95
—5.47

k288
DI, CafEiiiE, HEREOHME THEK
@lF, CafBEEE TIHE

EfEIbE, SRR, SR, REFREBIE & OHBIR
BAa®R 4 1TRT, ZIUEROIZEMNED LA, BE
QLEDOEBEHBEAR OGN, £/, H 1O ST
X BMI EFEOIEMER, 2O STIZE 1 &
A% BMI & 1E, Z/LEOTETIEHO Ca i liE &
1E, ZRQIIHE 2 O ST B L UKRERINE & A&
OFBEMERA LN,

EHEFDW O RAEE 5 1T T, RO, 21k
KQOWFIUTK L T RIRFHHO ALy 7 AEIE:
FHEBEOIE, 7-AEBEREIZMEOICHL T
FAEOMER (P=0.066), ZLEQICHL TIHE
DADBHENRD BNz, BIEEDL LUELEXRD
LENENFRIREIO Ca BERE & OHBENZ X 1,
X212, =A< EEREFHME 380 g/
1000 keal, #8F1#38.3 g/1000 keal) A > % LA
DO 2 FEINTR L 72 BLRO, ZLEOQDWTh
b AT Ca BEHURE & IEHBI OB A RO,
7o AL BB E D FHEL EOS G OERER O

ERHI O RO TR MEL TWe, LrL, 72
A S BERE R & Ca BB ORI AEH
FIZIRWIN O EBEELTROL D - 1o, HHEGHT
OFER, ZLERO, ZEOQDOWFTHNITHT 556
b CafBIUE R LU AT BIBIE (R O
HRIIEFET, CaBMERBIUHEROEE (£
ERODEHEDAH) THEL 72X OE LUE1L
KQODOFHEIL, 7= AT BERESPHEL ED
BEIT TN RBOGE TN THEICKE,? > 7o f
RaZK6 1R,

IEgRR O KRN OB O E, HHERES
FUOENG EBEEZENE, REREBRE L OHB
REEERTIORT, COBE, KEFROFTEIHER
T L, 52 WIOMRBHEEE &, R
B3 2, 5 3 WO MABHEEE & OB R E %
B L/, ME P XU BAP, R NTX (L3
HICE & <, FOaIc BAP/NTX, JRA Caldff 1
R LE L, ERPOZBIZ IR TCOIRETHE
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R BDTI, DENENHBBEMHERA LN, CafEREITHF
FEEZEOEE 1, F2omEP &4, WTIRIME P L&, Ca/P L1E, #EIITIIEE 2 1)
Ca/P L 1E, 2O NTX & £, BAP/NTX *1E O NTX &£, BAP/NTX L EOFEHBENA LR

B1  §iElo vy AMERE (T 300+ — % E) K2 BgFWoHIy AMERE (T 3VF —i%fE)

LHPPEREI OB EE  (Stiffness) 2L * : P<0.05, CBEIOEEE  (Stiffness) ZEX * : P<0.05
** . P<0.01
10
20 - _
r=0.30% n=40 r=0.21,n=40
o 5
15 L ' o
o Y=0055x—14.2 (r=0.59%%) o) o] (]
w0l . 0 $08 0 0' y = 003135 159 (r=0.42%)
§ y=0.022x-8.4 (r=0.28) % = =0018x- 169 (=0.29)
a 5 &
ﬁ ﬂ—lo
| 0f ]
b *—15
_5 -
=20
_10 b
-25 fo)
-15 . . s . L . ' °
0 100 200 300 400 500 600 700 -30 " . . . . . )
AN LR (me/1000kcal) 0 100 200 300 400 500 600 700
LS LERRE (mg/1000keal)
—-——— Of= A IE B HR i < 38.0g/1000kcal, n=21
_— O 1A LB E IR =38.05/1000keal, n=19 -—— O J=A/ 1< B {5 M IR €38.3g/ 1000kcal, n=21
—_— ® 1= 4 (T FEM R 2 38.32/1000kcal, n=19
KT BEMELRS LUV YA, 2ALE CEIERE (T30 ¥—%0E) &R - e (AR L O IR
P n=40
s E AR RERE  RPIRERERE
R MeanSEPTpiek® £ (ER®
2 > Ca Protein Ca Protein
1fEFY v (P) S1 3.79 0.09 —0.32* — —0.28* 0.11 — —
mg/dl S2 3.57 0.05 o —0.44** —0.08 —0.06 0.33* —0.07 0.16
S3 4.16 0.11 — 0.02 — — 0.13 —0.02
Ifil{ Ca/P S1 2.49 0.06 0.31* — 0.32* 0.05 — —
mg/mg S2 2.52 0.04 o 0.37** 0.21 0.08 —0.30* 0.10 0.10
S3 2.27 0.05 — 0.06 — — —0.09 —0.06
IM{#% BAP S1 8.25 0.37 —-0.17 — 0.08 0.27 — —
ug/L S2 8.05 0.39 o —0.19 0.14 0.15 0.04 0.14 0.19
S3 12.0 0.87 — 0.12 — — —0.08 0.17
/K NTX/Cre S1 45.5 3.3 0.03 — 0.27 —0.02 — —
nM BCE/ S2 57.8 3.9 o —0.32* 0.04 —0.01 0.24 —0.32* 0.00
mM/mg S3 72.1 4.6 — 0.07 — — —0.18 —0.01
BAP/NTX S1 0.22 0.015 0.06 — 0.01 0.14 — —
S2 0.16 0.011  ** 0.30* —0.04 0.23 —-0.12 0.43** 0.17
S3 0.18 0.012 — 0.01 — — 0.11 0.14
R Ca/Cre S1 248 21 0.02 — 0.00 0.03 — —
mg/g S2 159 13 o 0.03 0.21 —0.15 —0.21 0.11 —0.13
S3 117 14 — 0.15 — — —0.13 —0.20

St : fEWR11-1678, S2 : [EHR24-288, S3 : HFER 1 MR
BAP: Bone specific alkaline phosphatase, NTX: N-terminal crosslinking telopeptides of type I collagen, Cre: Creatinine,
1 S1~S3 DO DIRL DI %58, * 1 P<0.05, ** 1 P<0.01, — : HHE T
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n=40
IfiFEY v (P) 1% Ca/P
IR A
S1 S2 S3 S1 S2 S3

Ifilf5 BAP S1 —0.15 — 0.29* —

S2 —0.37%* —0.14 0.46** 0.24*

S3 — — —0.06 — — 0.07
& NTX/Cre S1 —0.02 — —0.03 —

S2 0.35% 0.53** —0.34* —0.52%*

S3 — — 0.22 — — 0.04
BAP/NTX S1 —0.23 0.48**

S2 —0.48** —0.50%* 0.65%* 0.64**

S3 — — 0.11 — — —=0.05
JK Ca/Cre S1 0.49** — —0.42%* —

S2 —0.07 0.08 0.02 —0.02

S3 — — 0.02 — — —0.02
* 1 P<0.05, ** : P<0.01

S1: fEfR11-1638, S2 : 24-283H, S3 : HpEL 1 ALK

BAP: Bone specific alkaline phosphatase, NTX: N-terminal crosslinking telopeptides of type I collagen, Cre: Creatinine,

— HHE

7o TCAE K BEREIFIEWTEE 280 P &
ik, Ca/P EADOHEMHE, BRI TIIEE LB
XA BLNED -T2, 753, BAP & NTX D457l
B & B AT ICTEA TV /o O %
To THIBL TR, BREBERLGL) >
720 E/z, BAPIZOWTCRKHCHEL 27 IVT
VCERERIE L 72358 10 bERIXITIEFRETH - 72,
REHEEHEEHOHEBEREAZEBICTR T, 1
#, 88 2 oI P i3V b s 2 10 NTX LIE,
BAP/NTX & HOHFEMBE, £F 1 oM P
(XEFRFHIDO K Ca/Cre L IEOBFEMHES, £/281
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The effects of dietary calcium and protein intake on changes in bone mineral density

during early and late stages of pregnancy

Kyoko YONEYAMA* and Junko IKEDA%*

Key words : bone mineral density, pregnancy, calcium intake, protein intake, bone metabolism, ultrasound

bone densitometry

Objective The study was performed to examine the effects of calcium (Ca) and protein intake on changes in
bone mineral density during early and late stages of pregnancy, including the relationship to bone
metabolism.

Subjects and Methods In 40 pregnant women, bone mineral density (BMD) was measured three times: at
11-16 weeks of gestation, at 24-28 weeks and within one week postpartum using ultrasonic bone den-
sitometry. Bone metabolic markers in urine and serum were measured at the same time points. Ca
and protein intakes over a three-day period were analyzed in relation to changes in BMD during the
early and late stages of pregnancy, as well as to bone metabolic markers. Nutrient intake was adjusted
for energy intake. Stiffness calculated from the combined value of the speed of sound transfer and
broadband ultrasound attenuation was used as an index of BMD.

Results Ca intake was positively correlated with change in BMD, whereas protein intake was negatively
correlated in early and late stages of pregnancy. The extent of bone loss adjusted for Ca intake was
significantly greater in women with a higher protein intake. In the early stage, Ca intake showed a
positive correlation, whereas protein intake showed a negative correlation with the serum calcium/
phosphorus ratio. In the late stage, Ca intake showed a positive correlation with bone alkaline phos-
phatase/urinary N-terminal cross-linking telopeptides of type I collagen ratio.

Conclusion These findings suggest that an increase in dietary Ca intake in both early and latestages of preg-
nancy may be important to maintain BMD during pregnancy. An increase in Ca intake in relation to

greater protein intake may be necessary to prevent bone loss during pregnancy.
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