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Effects of Dietary Calcium, Protein, and Phosphorus Intakes on Bone Mineral

Density in Korean Premenopausal Women

Oh, Jai-Joon - Hong, Eun-Sil - Baik, In-Kyung* - Lee, Ho-Sun* - Lim, Hyun-Sook*

Health Promotion Center, College of Medicine, Yonsei University, Seoul, Korea
Dietary Department, College of Medicine,* Yonsei University, Seoul, Korea

ABSTRACT

Effects of dietary calcium(Ca), protein, and phosphorus(P) intake on bone mineral density
(BMD) were investigated in 129 Korean premenopausal women(age 31 - 54 years) without di-
agnosed discasc. BMD was measured at the spine(vertebrae 1.2-4) and femur(neck, Ward's tri-
angle and trochanter). By stepwise multiple regression analysis it was shown that protein, Ca,
and P intakes affected most significantly on BMD at the vertebrae 1.2-4, protein and P intakes
affected most significantly on BMD at the femoral neck and Ward's triangle, and body mass in-
dex(BMI) affected most significantly on BMD at the trochanteric region. When age-matched
BMD % at the vertebraec 1.2-4 and all femoral sites was grouped by three levels(<(90%, 90 —
99%, > =100%), only at the vertebrac L.2-4 > =100% and 90 - 99% groups had higher Ca in-
takes than <{90% group. When Ca, protein, and P intakes of the recommended level for Kore-
an(RDA) were grouped by three levels(Ca or P ;. <=650mg/d, 650-750mg/d, > =
750mg/d, Protein ; <=55g/d, 55~ 60g/d, > =65g/d), only at the vertebrac 1.2-4 >55g/
d of protein intake had higher age-matched BMD % than <=55g/d intake, > =750mg/d of
Ca and P intakes had higher age-matched BMD % than <=650mg/d. In RDA range of Ca,
protein, and P intakes, age-matched BMD % of the vertebrae L2-4 and all femoral sites was
greater than 90%. Correlation between Ca intake and vertebral BMD was examined closer.
There was more significant linear correlation between vertebral BMD and Ca intake below 800
mg,/d(r=0.346, p<0.0001) than above(r=0.376, p<{0.019), implying a threshold effect and _
vertebral BMD was better expressed as a function of the logarithm of calcium intake(r=0.3881,
p<0.0001). These results suggest that Ca, protein, and P intakes greater than RDA help to
maintain proper BMD in middle-aged premenopausal women. Especially dietary Ca have im-
portant role in increasing the vertebral BMD and 800mg/d of Ca intake is optimum amount.
(Korean J Nutrition 29(1) : 59~69, 1996)
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Table 1. Characteristics in 129 Subjects

Variable Mean +S.E.(Range)
Agelyears) 45,054 0.46 (31-54)
Height(cm) 57.89-+ 0.44 (146.4-174.9)
Weight(kg) 57.64+ 0.70 (41.6—83.6)
BMl(kg/m?) 2311+ 0.26 (17.5-33.0)
LBMkg) 4483+ 0.17 (40.2-51.7)
Fat(kg) 12,92+ 0.56 (1.31 - 33.41)

BMD(g/cm?) .

1.16+ 0.01 (0.714—1.498)
0.89+ 0.01 (0.169 - 1.159)
0.78+ 0.01 (0.472-1.058)
0.75x 0.01 (0.516—1.004)

Vertebrae L2-4
Femoral Neck
Ward's triangle
Trochanteric region
Daily Nutrients Intake

Calorie(kcal) 1800.64430.81 (708 — 3233)
Carbohydrate(g) 283.80+ 5.53 (22-559)
Protein(g) 73574+ 1.75 (30-125)
Fat(g) 40.40+ 0.83 (18-79)
Ca(mg) 695.03+16.09 (241 —1389)
P(mg) 1047.37+28.41 (1116 -1913)

BMI(Body Mass Index), LBM(Lean Body Mass),
BFat(Body Fat), BMD(Bone Mineral Density),
Ca{Calcium), P(Phosphorus)
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Table 2: Pearson Correlation Coefficients : Relation of BMD and Age, Anthropometric measurements, and Nutrients In-

take
Variables Age Height Weight BMI LBM  BFat  Calorie CHO/Cal Pro/Cal Fat/Cal CafCal  P/Cal
(years) (cm) (kg) (kg/m*)  (kg) (kg (kcal)  (g/keal)  (g/cal) (g/keal) (mg/keal) (g/kcal)
BMD(g/cm?)
Vertebrae L2-4 —-.18311 0928 .2596* .2359* 2187* .2516* 3070 —.3130** 4772* 1470' 2111% 3739*
Femoral Neck 0464 -.0215 .1877" .2182* .1022 .1910" .2625* -.0806 .2181* -.0003 .0854 .2001'
Ward's triangle -.1061 .0555 .1919' .1825' .1535" .1733" .2841* -.1438 .2622** 0784 .0138 .2275*

Trochanteric region 17721 0040 .3105** .3382** .1894' .3118* .2416* -.0130 .1507' 0079 -.0285 .1671'

** p<0.001, *p<0.01, 'p<0.05 (n=129)

BMD(Bone Mineral Density), BMI(Body Mass Index), LBM(Lean Body Mass, kg), BFat(Body Fat, kg), CHO/Cal
(Carbohydrate / 1000 Calorie : g /kcal), Pro/ Cal(Protein / 1000 Calorie : g/kcal), Fat/Cal(Fat/ 1000 Calorie : g/kcal), Ca/
Cal(Calcium /1000 Calorie : mg/ kcal), P/ Cal(Phosphorus /1000 Calorie : mg/ kcal)

Table 3. Stepwise Multiple-Regression Analysis : Model 1

Dependent Independent B SEB Beta
Variables Variables
Vertebrae Protein 5.67E-3 9.89E-4 0.73**
L2-4 Calorie —1.56E-4 5.65E-5 -0.35*
Weight 4.37E-3 1.50E-3 0.22*
Age - 4.43E-3 2.23E-3 -0.15"
(Constant) 0.97 0.13
Femoral Neck Protein 1.91E-3 5.19E-4 0.37**
(Constant) 0.75 0.04
Ward's triangle Protein 2.33E-3 5.44E-4 0.36**
(Constant) 0.61 0.04
Trochanteric BMI 9.86E-3 2.87E-3 0.29**
region Protein 1.03E-3 4.15E-4 0.211
(Constant) 0.45 0.07

** 1<0.001, *p<0.01, 'p<0.05 (n=129), E : Exponent
Independent variables : Age, Weight, BMI, Lean body mass, Body fat mass, and nutrients intake(Calorie, Carbohydrate,
Fat, Protein)

Table 4. Stepwise Multiple-Regression Analysis : Model 2

Dependent Independent B SEB Beta

Variables Variables

Vertebrae Ca 2.73E-4 6.89E-5 0.32%*

L2-4 Weight 4.78E-3 1.60E-3 0.24*

Age - 4.94E-3 2.43E-3 -0.17"

(Constant) 0.91 0.14

Femoral Neck Calorie 8.92E-5 3.01E-5 0.26*
{Constant) 0.73 0.06

Ward's triangle Calorie 1.02E-4 3.19E-5 0.27*
(Constant) 0.60 0.06

Trochanteric BMI 9.88E-3 291E-3 0.29*

region Calorie 4.88E-5 2.40E-5 0177
(Constant) 0.44 0.07

**n<0.001, *p<0.01, 'p<0.05 (n=129), E ; Exponent
Independent variables : Age, Weight, BMI, Lean body mass, Body fat mass, and nutrients intake(Calorie, Carbohydrate,
Fat, Protein)

ARAE Jepdon FWa FT BMD= LBM$H FT &k 392 4 g 312 53 W] A4 AEg vE
BMDE d#3E #Fo29) ko] AAaAE veldot  Jith(Table 3, 4, 5). 2lo] 891 7heulA whad, Z+
(Table 2). &, e AuTlE w2 d3Ad(Pearson corre-

A8 L QA A=A 9 Ao] Q9lo] FULo| At lation coefficients : ©A3 Z-0.633, T
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Table 5. Stepwise Multiple-Regression Analysis : Model 3

Dependent Independent B SE B Beta

Variables Variables

Vertebrae P 2.01E-4 3.79E-5 0.42%

L2-4 Weight 3.76E-3 1.57E-3 0.191

: (Constant) 0.73 0.09

Femoral Neck P 1.16E-4 3.19E-5 0.31**
(Constant) 0.77 0.04

Ward's triangle P 1.39E-4 3.36E-5 0.34**
(Constant) 0.64 0.04

Trochanteric BMI 9.73E-3 2.86E-3 0.28**

region P 6.79E-5 2.55E-5 0.22*
(Constant) 0.46 0.07

**p<0.001, *p<0.01, 'p<0.05 (n=129), E; Exponent

Independent variables : Age, Weight, BMI, Lean body mass, Body fat mass, and nutrients intake(Calorie, Carbohydrate,

Fat, Protein)
Model 1, 2, 30.2 Zkz Wprol bl 2, 219 A
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st
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ﬁ‘j’kol EUHoE JFS v1, FT
BMDel|AE BMIZt 7 & 935 wxo 4% A4
HEFE kS v)A = A FE YERGTH(Table 4).

Model 3% Model 1, 22} 7L3 FLRgo] thlg o
Z4 Ul e A %S SHEsE F9lste FAUA
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¢] BMDell 5d40g 9&g njxxu 1 7RdlA L2-
4 BMD7F 7 & Baks 2 20 R dehsen AS
E EZYPAem JIg mAE= Aoz vepgd FT
BMDel M= Model 1, 29 z2o] BMIZ} 714 2 o3k
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Table 6. Difference of Mean(SE) daily Protein, Calcium, and Phosphorus Intakes by % age matched BMD

% Age matched BMD <90 90-99 >=100
Vertebrae L2-4 (No) (26) (38) (65)
Agelyears) 46.50t 1.01 4413+ 0.74 45.00+ 0.68
BMitkg/m’) 2341+ 0.51 2261+ 0.40 23.294 0.40
LBM(kg) 4501+ 0.37 4451+ 0.27 4495+ 0.26
BFat(kg) 13.54%+ 1.14 11.54+ 0.81 1346+ 0.89
Protein(g) 58.58+ 2.85b 7403+ 3.31a 7931+ 2.29a
Calcium{mg) 595.54+ 32.82b 699.714+27.57a 732.09+22.79a
P(mg) 817.68+ 55.57b 1063.93%+50.18a 1129.56+37.84a
Femoral Neck (No) (12) (44) (73)
Agelyears) 4233+ 1.73b 43.68+ 0.76b 46.32+ 0.56a
BMl(kg/m?) 2233+ 0.50 2299+ 047 2331+ 0.34
LBM(kg) 4473+ 0.73 4495+ 0.28 44.78+ 0.22
BFat(kg) 1132+ 1.17 13.03+ 1.02 13.10+£ 0.75
Protein(g) 67.92+ 5.21ab 68.27+ 2.66b 7770+ 2.42a
Calcium{mg) 654.25+ 51.72 666.70+23.71 718.81£22.93
P(mg) 891.93+104.44ab 968.13+44.44b 1120.68£36.982
Ward's triangle (No) (43) (34) (52)
Age(years) 4398+ 0.84 44.29+ 0.91 46.42+ 0.63
BMI(kg/m?) 2271+ 041 23.04+ 0.50 2349+ 043
LBM(kg) 4491+ 0.30 4450+ 0.28 4499+ 0.29
BFat(kg) 1249+ 0.87 12.23+ 1.01 13.69% 0.98
Protein(g) 66.14+ 2.30b 72,53+ 3.13ab 80.40+ 3.08a
Calcium{mg) 646.40+ 22.59 698.62+25.34 732.90+30.44
P(mg) 928.52+ 42.64b 1052.65+47.12ab 1142.191+49.41a
Trochanteric region(No) 9) (38) (82)
Agelyears) 4433+ 2.12ab 4334+ 092b 4591+ 0.52a
BMilkg/m?) 22.08+ 0.48 2312+ 0.44 23.22+ 0.34
LBM(kg) 4365+ 0.59b 45.36+ 0.36a 44724 0.19ab
BFat(kg) 9.69+ 1.03 13.84+ 1.03 12.84% 0.72
Protein(g) 62.00+ 4.03 71.34+ 3.08 75.88% 2.27
Calcium(mg) 605.78+ 52.82 682.18+25.76 710.78+21.41
P(mg) 858.16+ 73.01 986.78+53.17 1096.21+35.37

Values in the group with different superscripts are significantly different from each other(p <0.05)
If any combination matches, the difference between means is not significant
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o AR Wele] BMD BA S 1.2-47F 100.
0%, FNo] 105.3%, FWo] 99.6%, FTo] 108.3%% 1+
Bn 24 #AF W9 BMD BAZE L2-4°]
100.7%. FNo| 102.1%. FWol 94.7%, FTe] 103.3%,

Table 7. Difference of Mean(SE) % age matched BMD by daily Protein, Calcium, and Phosphorus intakes

Variables Level Low RDA range High
Protein(g) <=55 55-60 > =65
(subjects no) (26) (20) (83)
Femoral Neck 101.54+£2.40 105.25+2.93 104.37+1.36
Ward's triangle 93.15+2.79 99.55+3.60 99.22+1.86
Trochanteric region 105.08+2.84 108.30+2.50 107.88+1.59
Calcium(mg) <=650 650-750 > =750
(subjects no) (53) (29) (47)
Femoral Neck 103.42+1.68 102.14+2.62 105.64+1.69
Ward's triangle 96.70+2.13 94.72+3.32 101.6242.35
Trochanteric region 107.28+1.80 103.34+£2.80 109.981+2.03
P(mg) =650 650 - 750 > =750
(subjects no) (15) 67) 47)
Vertebral L2-4 90.2+1.70b 100.19+2.05ab 105.48+1.94a
Femoral Neck 98.40+2.60 103.99+1.62 105.78+1.72
Ward's triangle 91.60+3.88 96.99+2.02 102.044+2.36
Trochanteric region 103.73+3.41 106.37+1.72 110.22+2.06

The difference of means among three levels(Low ;
High : intake more than RDA) are not significant

intake less than RDA, RDA :

Recommended Dietary Allowance,
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Q1 AZF Wl BMD BAZS L2-40] 100.2%,
FNo| 104.0%., FWe] 97.0%, FTo| 106.4% °|tt
(Table 7, Fig. 1). E=3 dad Zg <l 5o AAek
HAE 7|Eo2 I o)t olske] A e BMD B
gke] Aol AHE Az, 1240l AT 1Y i A
AL 65g ol M w7} 55g 0|3k AT W)
Ze 2 A9 HHAFE 750mg ol AHE o}
650mg °l3t HAT wrct oA U1 vyg
(Table 7, Fig. 1).
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ek 59 4ol B HAe
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Fig. 1. Difference of Mean(SE) % age matched BMD of vertebral L2-4 (a) by daily Ca Intake, (b) by daily protein Intake
Values in the group with different superscripts are significantly different from each other(p<0.05).
If any combination matches, the difference between means is not significant.
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Fig. 2. Pearson correlation coefficients : Relation of vertebral BMD and daily Ca Intake.
(a) Regression lines are shown calcium intake <{==800mg (r=0.346, p<{0.0001) and > 800 mg (r=0.376, p <0.019).

For all levels of calcium intake r=0.378, p <0.0001.

(b) Relation of vertebral BMD and the logarithm of daily Ca Intake.
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