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Osteoporosis and Dietary Factors

Kim, Wha Young
Department of Foods & Nutrition, Ewha Womans Univeristy, Seoul, Korea
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Age AL 304 ZHA F718k 30— 344
Abo)o) HhZ4F (peak bone mass) o =3},
GAe AR BEE7) 25-30% A5 o &k
ZAe g9 AU AG 2@stn i 2317
Agsher] o3 34 S48 B A
wow, 3t 3249 THY WM E ThE Ae=
HaEy Qi AMAL] 4T nAE AA
2 Yol A4, 328, 5%, o] Fof vt

ZTAL 20% 2] 8 HE (rabecular bone) ¥ 80% 9]
%" 2 (compact cortical bone) E FAE ] it}
AT ¥wd o B39 H (surfacc o volume
ratio) 7} F3 AR (memabolic turnover) ©] #2114
w3 T 4o Wy dopdtt. FhFF A
Td Atne £9) #%, #d(hip), 2FF9 23
oA A71ed olejg FEL elHE e v o] £
Zo] FA |},

AL Eo] £42 A A9ollw 40~ 454 F-E
Az e] 9074 ALEE 10de] 3~5% 9
S8 72, AZE 300 FURE FHLHo
AFRE HAT FEEE S8, JF s
1090 8%4 a3t AATAE 9% 4 Ta

a3l 70t ol o] Ao 5% 2 FJSTh
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S Ee] #4e FU 2R 30~354 o A4
Aol @2 o)yl AYZTAE ZA] &1 1040

m

6~8%2 &£x2 ZTAaFrhdRld] glojx] S
A A" A9 Fe XNUZ0] 35%, |BZ)
50% ¢l gt}

274 @ Ca tAtelli= B Z2go] 2&dto
A Ca B34E FAHEE sHL Utk Ca HAL
#Yse TaBoze PTH(RGEMA z=28),
calcitonin, 1,25-dihydroxyvitamin D, estrogen &2
2 Jdok vol7t Frge wek o]#E 328
T gido] ¥geh

g% PTHE vol|st &7 Fridda Raxa
AT 21~894 9] A Fd 156F & GO R
@ A A B3R PTHE 404 o] Fo F7tsl7]
AlZHale] s0tle sotol] wEte] felHl zolE
Hols Ze g By, E3] 704 o)dd A=
odz2ke] 3 PTH Fx7t @Ak Hlgte] =3
a1 o] ZAR A A & CaFEE Uold B2
2ol 7t gl et ionized Ca¥ 212 FEE 40t
o] fof wrotAlz F-gE BYTH(Table 1).

o] ¥ PTHE F7Hs =8 FFoA vehts
Ca &% AR Ql3td ¥F Ca ¥27t 243
olojz} PTHE 3|7} FF=HEE Yehde &
Foz Hopok gRolth

Estrogen™ ZZAAl] Fa3 F8E vjA=
Z=&olt} Esmogens PTHO| 9%

%4 (bone resorption)E ZAAIF|IL

Ca BiEE Z&ANH, 2F4H Ca FFE FA
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AN7IE 71%S 32 Atk ol gk
A& eswogend] gL ool S FHo|n. 40
2E 6ot 7tA ] 7 oS ddez IUE
EAME E3E BRY AR dEI IH=w
Ueol7t vt wa ZAsgdd, B ¢ad
AE e q0t) QA9 SEEE 60r AT H
—ﬁ}ﬂt}(Table 2). Richelson$2] @A7o A FoiA
YARAA &£ BT o] 54419 A2 (FT
14_1_ Fg F 717 229) #7E AFY HE ol
52418 S Wz HE dA AA FEd &
gzt FAYET) YT, £33 o] 5 vhadA
Fed T2 AFTE A4 ABF 2@ I A4
et BE A% 7349 A5 Alojole ‘?—_Oﬂ
Aol 7t At 0188 AHA = estrogen FFo] A
By Egdoz 2Z £Ho TS v ]
A4S LIE.
Zo Ao FULE |7} F/HEe) wet
Zaevy Fuga vk vt 200 ~70tH

27 At ol

__\L

lo tjo ri

g Z7tel we} HdA
s BAT, A7te] FtoE 50474 A=
3 4% A A E Kot} 50~65
12~13% 2]

oA et

1__

Al Aboldl=
654 o] T =
ﬁﬂr(Flg. 1)

Yugoslavia®] 4] Ca dHFo] & AY
A9e Az P AR FHY
L-}C’Iﬂ' %‘ﬂ@%"i Zastded oH¥ dax
a dH e A FEHeE Y
23 =g ‘31-‘?_} vtole} Ca A Fel 2& wf Eare
Y7t G vl =R (Fig. 2).

uj+e] 30~90412] BAEQ & FE(vertebral) &}
£F (proximal and distal radius)2] #7138 FFL
Llo]7l 2 g 4e AR = Zr A G0, 95~
95418) BTN AL ARG AR ¥F
#2 77]4 Y= (BMD, bone mineral density)=
weol7h Frhgke] weh ddd 1% BTE e
F2 45694 Aol

3

BaES Hold

Aole 4 HUE RoE TURE SRR AT sdb oHF Ba:
ZA7g B8 ] ZFAM Jolzk F7Hgte] mel  ojoh), HE #F iEE dUxd ol F
zdgsl ZAsges =3 eguiel AlESe]  Z ASo] uXE 9% FAME AFdME TH
Zase WenT ¥e Aog usgt o  WmE eyt Frhgel wah gadshs wud
HE 72 ko] Adde) 2 HolE B AFRENAM BT E01g 27 Em7F HARY
FAME afd EZe) FYee 457 o)F FAvH?. g o B9 FHe] BT =5}
Table 1. Serum Ca, ionized Ca. Phosphorus, PTH level by age®!
ol ERLT EEDEE EED 9% PH
(mg/dl) (mg/dD) (mgy/dD) (pg/ml)
20 — 29 94 = 0.1 477 £ 0.03 3.9 = 0.1 265 £ 17
30 — 39 9.5 £ 0.1 478 * 0.07 3.8 £ 0.1 270 = 23
40 — 49 93 + 0.1 149 + 0.05° 34 +* 0.1¢ 811 £ 29
50 — 59 9.6 £ 0.1 466 £ 0.08 2.5 £ 0.1% 441 £+ 38~
60 — 69 94 + 0.1 4.52 + 0.05" 36 £ 0.1 505 + 33"
70 — 79 94 = 0.1 464 £ 0.07 52 + 0.1 597 £ 57¢
80 — 89 92 £ 0.1 446 *+ 0.06% 3.2 £ 0.1% 545 + 48*
*p<(0.001, ¥p<(0.01, ¥p<(0.05(compared with 20—29 group)
Table 2, Bone mineral density by age in middle aged Korean women?’
Age Spine Femur neck Ward’s tiangle Trochanter
40 1.18 £ 0.14 0.85 = 0.11 0.71 £ 0.14 0.72 £ 0.08
50 1.05 = 0.15 0.75 = 0.09 0.59 £ 0.07 069 £ 0.15
60 0.9% + 0.11 0.72 £ 0.07 0.53 £ 0.06 0.60 = 0.08
Ovax women
in 40 0.96 + 0.10 0.73 £ 0.02 0.58 + 0.03 0.58 = 0.09
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Fig. 1. Bone mineral density of the femur neck by age
in Korean subjects®.

FRNN £4 B¢ % & QAT o) 3] BE
24 &4 AEE 549 F70 whgt oIt ok
Golol the 27 Wale $EAE BT

29 F(species)dll mEtA T7F &4 ol o
2ARez Rl Sprague-Dawley 73 &l o
HE(fernur) 8] 718 2 Ca I3 12714h71A
Z7er g 24 s (Table 3).

Wistar rat, C57B/6Nia mice, SAM (senescence ac-
celerated mouse) | XM= HZF Ao stz v}
W OF 37 &40 o]FojAE Aol HuHL
9lt}h. Tanzania?] Gombe female chimpanzee= t}

o7} F7t ) wiE} EZF £4o] dol WE=d
ApEal g SEge] ofvE AdEe] &4
He A3 188 g RE F7e FE4 flelA

£7]d) FAFY 277 v Y 1 FREE

—@— High Ca district men
—O— Low Ca district men
, --m— Hidh Ca district wornen
MCA(mm?) —o— Low Ca district women
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Fig. 2. Metacarpal cortical area(MCA) in wornen and
men from high and low Ca distnct in relation
to age¥.

A%AY 4 40 AYEn BATh Lo
4o A9 A FFU 2 el oINE
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Foll e AO|7} e Aoz HAR.
= O3

olg}' o] o7t olfm F&Mol AHKHA
g9 FoEFos 2ddt JBR IOFF S
AN AR 4 gAY dFHz Jehdon
HRPow, FARE ZFF At 4A doue

& 1 909 B T kA f¥o=

W] B QUep. A1 gL ofald sdE)E
A%z W73 F 15~20d Fol vehbe A2

Table 3. Composition of femur by age n male rats'®

Age (mo) Weight (mg) Ash content (%) Ca content{mg/g)
1 192.4 + 36.1 243 + 1.0 664 = 9.7
4 1071.0 £ 50.8 393 £ 05 1704 + 22.2
6 11405 £ 465 438 £ 0.3 155.1 £ 13.3
12 11815 £ 501 448 + 2.2 1344 =+ 42
15 1369.0 £ 464 39.9 £ 0.9 1122 £ 3.0
18 12015 = 654 364 + 1.9 86.9 + 3.1
24 1091.1 = 122.7 389 + 07 806 + 1.2
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eswogen 5 5 HA7 #eE 2450 1 9
Ha ek Al 2 ¥e =9 SO Fo)gn &
Ae Aoz xd7)e duieAN s
4 Fo|t), ooz hBhe)l AUFE QAo
4o 99e] =1 v} F gl kg
£3l 9 Z7}, 1,25-dihydroxyvitamin D A4 8] 7,
Ca §59] T4, PTH 37} Bo] 991¢] =1 9lu},
A13e Heoe eswogend FH wbgEln, )
299 AfdE o) Ca HHFL Z7HA 7 n2H
A SAE g3 NFES Ao

FESdde AurtA 9PQAEe] U
(Table 4). }ol, A, A%, &5, % B4 5o
EAHL A Yoz 2§ AT g3
Ca% vitamin D 43 -‘?'— o] AFYAZE 83k
ool Dkl THGAA D coffee, alcohol
Y At 4FH= H*ﬁ‘s}t}_ﬂ A= 1 g} o]d
M8l estrogen H-go)} F, v|R}, Ca HE S
S o Adxgn E-E]‘ J‘HEi =0
F =3he A el S8 7 A o) A gt
oY 7A] FHEJIAEE =F diko] shed
Aolgtn BAY o3 ’—‘]"] 2
AZ, Ca¥t ©E HJHFo] TF FAZ T
Hi gl

T T 1 el
NN N H o

rdh’

rr FE r0|

Ca

UAHOR Ca AT @Fe AYSe] =4
AErk e 4 olF 23 Angx w9 o
AR Ca 4F =3 =713 glgk Alolo = A o]
(+) A7 4¥ehe Aoz Bam3 g} yugo-
slaviaoll A 3 3 2A} Ay TE @2 A
W BT Ca A%l 58 A Al AHgEY
STAFE Ca AHAF] ¥ Ade) Al AlgE
Bt} gol Ca H#%% T2 % (bone mass) Alo]

e FHE BAY ALe) Bu HIYG) (Fig. 2).
=3 BF 3 Atxnthip facure) E Wi 2
ER 1 Ca = FGFEL oJ=HT A A
7led I olfE AUSEFE FUMATIEE o
oLhE RolA FEAE TAAF)Y] WRo] ofd
Aoz FHogEn)

N

?L‘j o]:};oﬂ 17:'1 Az)éo &Ez]g]—r 3'—1:]-—7’—50

AAE7L FL o] fi= Cat)ALe) BRAF S 5 71x 2

25 2+ Aok F, ca HAS 22, Ca F
89 24 % % Ca AT B8 5 £ 9
o

M3 S = 9Pa 4R dds

Table 4. Risk and protective factors for the development of osteoporosts ane, fracture!®

ESTABLISHED ESTABLISHED i
. . SUSPECTED BUT NOT LoTABLISHED
High Intermediate
Risk facrors
Femnale sex Low Ca diet Family HX osteoporosis
Qvariectomy Early menopausc Gaffeine intake
Advanced age Thyroid Rx Alcohol in moderation
White race Antacid High protein diet
Thinness Vit D deficiency High fiber diet
Alcoholism Hyperparathyroidism Sedentary lifestyle
Steroid Rx Type 1 diabetes

Disabling R.A.
Tendency to fall
Previous hip fracture

Cigaretie smoking

Protecive factors

Estrogens, long term use
Black race

Obesity
High parity

High Ca diet
Physical exercise

Thiazide use
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AREE G Jgnol vls] Cadl HA7F Fe
Az Aoz ey o A/ 9% 44
A ARE B2 By 9o v 2 R
% JFLE Cal2 7 ABFAN BFBES
FEHA Ree ALg vaHm P, oHF
5 AL 53] mloAA FAst B
60~70% FEL AHste 2oz R (Fig 3).
weh vt 299 Ca AHFe dAHoR
FEIH B3] BA AFE =9l HE & w1
UF =99 Ca 4FH FFo] A4t Aol vl
e AAre] ARH7E R ow ol 7t F7 g uhet
Hadhe Ao vedth {250 7 BadA
WEFE I3t Ca HFFo] L7 shf?
B oz YR wmelFe] FatdE Aot oA x
AZAA Ca 4A 7] A olfe $fo 437}
AL B H57 - ALFY 2H7 Az AR
o2 A4dn.

PlFANE Ca HF2 vpo)7h FrtshEA 2
A8tH A2 FART A4 dHI}L Yo,
B Qo A a5FN we oz

gt gle] S-gvjelel 2o FEE Holm gich

ETEN n HHMZF: 2B 2 REHY Cad F
= 553 olF(actve ranspor) ¥ FEH o] &
(passive transport) 8] 71AS EIle o)Fo]r}
TEH olFe FTEZ HolAFNAM o|FAT Ca
binding protein{CaBP)¢] 2%} sawrable processo]
o $FH o)F L 2T HFA Ca FxA

7 MEN
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Fig. 3. Ca imtake of Korean by age(% RDA)'%.
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Z271ge] ma} Z2ahed 53 $EF 7)™
naE Qdgo] A, F w3 WE Ca
F5e Zae F2 AolAFe F4 ¥ )
Q18bn), o] AL energyd} HIE}Y D EFHQ oF
1A DS APl gl

CaBP¥ 1,25-dihydroxyvitamin Dol )3t g4
o] £ZH}, YukHgog to|rt Frighe] uwlEt
AW 1,25-dihydroxyviamin D2} ¥ E¥ ol
CaBPY /& A= n gty CaFFe 748
A Ak w2ty 8 Ca £F8 WolAa o] R
AFo] Heo] PTHE BHIE FHIAAH FFHozm
FEl Cad] HFSFE FHAI.

AN 28 AGoA Ca 5 Fd olF AL
Zastm, AR deool uge Foge] FAHE
HE FHE vol7t Frtge mel Astdrin
BaEw Q). Ireland®t Fordwang& o] Ca &
ol A7 glo] #L Algo) =R Cay FF
£o) Fi, T F Yo|FAA BT A Ca de|F
HAWUE @ F5&ol T3t Ca 3 Fol T
AL 5L ol o] 3§ TH% vold mg
zolZ B e Fol M= 66% 9 F71E B
W =91 FolAE 50% 9 F7HHE B 1Jo)e
wWE FHS 59 HIs JeEiATY. v =
Ca WA & xglo] geolo w3l Eo}A 300mg
Ca #o] & HF3 A= 4525 1 Bel, 2000
mg Ca 2[o[& HL& Bl 35%5 ¢ Bol Hj
st

20t 2] 421 doth~s0 & St} FdAH
= WHOE = Ca MIEFS ZAIE 97 B34
mEYH WE = Ca wWldZFE Aol7l glont
3 FXE AHEY &5 250mg ©)4S W dF
Alge S Aol A 2 ¥go] FRTRU(Fig. 4).
IUER =208 Cafl YHFY F5L o
Ca o] £} Ca Al EA7L e Aoz
ol

48 FEANL Cay F4= tol7l F71e
upe} Hadhe] Rasy glck s/AYEh 15719 &
EF o)A apparent Ca absorption® ZAMg Z3
ol ol wlld Lo #AG Ca F5&
ozt B 1570 E HellA gA vebgeh i
= Ca WidFE 12/1€€ AVt 24E E© ARG
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Fig. 4. Age difference in distribution of Korean subjects
by the levels of urinary Ca excretion2?),
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2735t =8 5 Ca JEZFS F7HA
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Table 5. Effect of age and dietary protein level on
GFR and urinary Ca in male rats?”

% protein  Urnnary Ca GFR

. Age in diet -(mg/day) (ml/min)
1 5 0.12 £ 0.01 0.13 = 0.03
15 0.28 + 0.04 043 = 0.08
50 022 £ 0.04 0.38 = 0.04
6 5 0.25 £ 0.02 029 * 0.04
15 0.65 £ 0.09 0.65 = 0.17
50 043 £ 0.07 064 + 0.14
12 5 043 = 0.09 0.77 £ 0.16
15 037 £ 0.03 154 = 0.54
50 091 * 0.04 091 £ 0.04

Age effect? p<0.05 p<<0.05

Dietary effect p<0.05 p<0.05

1) Starisical significance is calculated from group
mean based on 2-way ANOVA

e o¥A HeteAE gotrr] 98tq
250g Aol 8F S 12087 Aete] 8% 9 50%
Aol 2 ARSI, 147 & Ca vj A FT
GFRE E5 A3 A&F 9id 7AAe ug9T
oM wgtort O Foe APWTIAN Fhdhe
e Bk @9d pEd BmE Aolw
972 dYgxrlde S48 /e Bolvr
= W Agaze) Ffdde 127

]

AThgel 2749} A7)0 HAE EAAA =
Ca WHBE F7NTIH o)Re] 2B £49 ¥

EEH Aol 2 & e Hew YA4En
o213t 4jole] o] H 7] AAA v
FEE 2AVEL7] ot s HA T 4A d
oz A9e sHh = Ca wjdZAD 2
AFre] AFER A3 = hydroxyproline H
230 g Fol A ol ol F<) M4L estrogen
el 9Ee wLg dehiddd e A
FollA Aol Ao P AN AAHE I
WaAo]Ee L CaX hydroxyproline i) d o] =

o I U rr

il mp

Table 6. Comparison of the effect of protein level
on the Femur compaosition in ovariectomi-
zed female rats and in male rats?®29

Sex Ash/bone Wt Ca/ash

(expt. duration) &0 T (%) (%)
HO 412 £05 316 +02

Femnale HS 4354 +04 314 +02

(9 mo) LO 415 £07 33.2 £0.1

LS 443 +1.2 33.2 +0.7

Ovax effect!?? p<0.05 p<0.05
Dictary cffect p<0.05 p<<0.05

Male H 41161 067N 2338+ 051N

(12 mo) L 40421040 23451065

H :50% casein, L:8% casein, Q. ovax, S sham

NS ! not significant by student’s t-test

1) Stadstical significance is calculated from ANOVA
for two-factor nasted design

st

ol¢} 22 dAdA G adH o7t FF 7
v X 4Fe FAE AR 2N~ E Tt
A9 717 T ARE, {3, EZY 74
HAg Aol FEstAlE sttt e o]
A% EZY FAde tik 4%E rAE
Aoz vk G4 97/1g F At ¥ F 9
HE gHgo] dAhHEATAM @YD HEF Ca
FEE 3 g Wit vag ATE A
FAE Aoz g 4942 B o Hol&
127097 B#HE F 9 dEF9 3% FFol Ca
e A gt v & o zpolz} glo] Wi
A &3 Hoe ohE A7 E Bt g
o] gldel JgFe dadA HAM He 4
75} T28)29) (Table 6).

au g HZA I Caol théh Bt gl
HRE F2 Aol& 4FH34H 52 ¢4&
g FAojztz 2E AL + Avhx BAT FA)
FEEtel A $d A9 Ca HHAFL ¥
Bd HAe Frlete FAC Jemz oG
AR@AA 24 Ectz E F At

olgl¥t H4&E AAF FHAA esrogends F4
B9 Ay Ca 571 718912 & hydroxyproline
WA ZFE AT dHE 7HAS estrogen BF

38 e,
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HlEl2l D} ol

gt wpzt A 1,25-dihydroxyvitamin D %
27} ZHAEa 1,25-dihydroxyvitamin D] &4
71 P4 vz Ba=En Qo olyd pae
A M 1-hydroxylase activity?] Astell 7115k=
Hog BAY 125hydroxyviamin Do 2%
CaBPS] ¥4 $HE vold ulal W7t gickn
BuEM gleng veold M2 ca ¥ Ashe
CaBP] ¥-Fo] TEAQ €lo] okt Hgwl D
i Akel] 37t A A 1,25-dihydroxyvitamin D A8 AL
o] 43R olo| whel CaBP FAJo) ZAE7] w
ol B3ch

ZET BAAA FHFl 15000009 WD
DE T3 AP0l Fr13tn 28 Alng 7
AT 5 YU IPEE wols A% ek
DE #HFHAY Am WHoE AAE £ dov
A7138Y Azmde g AsA grie el 4y

9] 7&13“0]1;}33)

Q9 AP HHE Cad F4E Fist PTHY
BHE FANA 229 Ca AFFE TN 7
Aot 2Ev 19 3 JH7} kst mWE 7
F4o vl Gl fF AAIL dF Bue
gto} BY) et A A Brke 2o CaP
Hl&o] FaskA =9 53 Ut

k-.l

|
ol opd7} ".EZ}EL"L dch d=g FHAL A
Hl 2 e ol 23 4o dolite A
£ F Aden 53] vol7t #& Biole &=

%—%ZM T4 AEs YA R
o]2]d] = Ca balance?} caffein 3 HFH= F
4¢ BA Qe BuE QP adne g
FFast FEol THUA FFE FAHHT
A 28 AL E = 5% BA v
Bagn gtk @7 FI U B
7§—r 7 &£4dol FAHL HAAFY ARl

3

Table 7. Therapies reported to reduce bone loss in
osteoporosis’®

Therapy Amount

Calcium
Vitamin Dy or Dj

400—~1,000 mg/day
.400—2,000 1U/day

0.5—2.0pg/day

20— 50pg/day

50mg/day

Depends on type

1-o-Hydroxycholecalciferol
25-Hydroxyvitamin D
Sodium fluoride

Estrogen-progestagen

SEEE DA A X5 f18kd o
] Wi Ee] ALgED 1T (Table 7).

Rell tigr Ade gARez T
'EOM ST YUl 07 Ca B2
7= ;'5}1,]. TA £AL T
= Réle HLeE 47
~654] 2] OEIZMI Cag 8hFof 1500mg¥
Evb}‘?‘;/ﬂ £3 7t A& st ZARIAHY Ca B
oA AgE AF2EF 4 ZUd 23 &40
FEEUgeE 2usk 4o A3F F9 oA
9 &7 &4% HAE7) A% KR estrogen
g Ca EZY 5712 ZHeA o|Folz|1

k. HZAZEe oA estrogend FH FHE
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