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Bone Mineral Density of Korean Mother-daughter Pairs :
Relations to Anthropometric Measurement, Body Composition,

Bone Markers, Nutrient Intakes and Energy Expenditure

Lee, Hee Ja - Lee, In Kyu*

Department of Food and Nutrition, Keimyung University, Taegu, Korea
Department of Internal Medicine,* College of Medicine, Keimyung University, Taegu, Korea

ABSTRACT

The objectives of this study were to obtain normative data for 45 mother-daughter pairs on
spine, femur(neck, ward's triangle, trochanter) and total body BMD(bone mincral density)
measured by dual energy X-ray absorptiometry, anthropometric measurement, body
composition, biochemical markers, nutrient intakes and energy expenditure, to determin the
interrelations of these factors within each group, to measure familial resemblance for each
variable. We observed significantly positive correlations between height, weight, head, hip and
calf circumferences, tricep, femur and calf skinfold thickness, total lean body mass(=weight -
total fat body mass — bone mineral content), protein and fat intakes, Ca index, serum total
protein and albumin of mother-daughter pairs(p <.05 - p<.001).

Among mothers, age, osteocalcin, height, weight, Ca and energy intakes were predictors of
BMDs. Among daughters, weight and energy intake were predictors of BMDs. The BMD in
lumbar spine(r=.48, p<.01), femoral neck(r=.38, p<.05), ward's triangle(r=.36, p<.05) of
the mothers were significantdy correlated with those of the daughters, after adjustment for
mother's age, height, weight, osteocalcin, Ca and energy intakes and daughter's weight, energy
intake. In regression analyses, mother's BMD also were positively associated with daughter's
BMD in lumbar spine, femoral neck, ward's triangle.

Our findings support that mothers with low BMD tended to have daughters with low BMD.
In the age groups studied, as well genetic factors as environmental factors may have an
important role in determining BMD. This study suggests that women may successfully enhance
their genetically determined BMD through adequate nutrient intakes and weight bearing
exercise. (Korean J Nutrition 29(9) 1 991~1002, 1996)

KEY WORDS : BMD - Dual energy X-ray absorptiometry - mothers - daughters - familial

resemblance.
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1. ZAF CHA
SERE ﬂro}* oq

o= 24k
Hot A didate] A AdH Ak A M?”Oﬂ/ﬂ%
7ol

Zo] o] 4% 43 AL UwYe A n, 2E ¥
71 Bl Yste] A4 (Ca index)?E 319
o},

g5l JF W6 /HA, 1995, 2% FHE o
A g w8l mhebx] 3] 2403F Fete] 2% A

of W 4w AZFES 23] sle] HEAE AL
7158t & % 19 AUA] L8] #(keal/day) & AHESt
Att.

3. A AE, =M g 2o =Y

2 9N 7ol ABAFIAA ek 2ol A, A5, B9
2 A LFAE SH st o] F AuA] WAKd &
U Z47](dual energy X-ray absorptiometry,
DEXA ; Lunar Radiation corp., Madison, Wiscon-
sin, USAE ol&ste] A2 AF(g=AAF
(@) + AN (g + 2% () & st AALE(ANA
W/ (A l +Zﬂ A 100} Az, Azl
AglE $9¢ 23 (lumbar spine, L9 thE el A
59 & diF o-r(femoral neck, FN), wards triangle
(WT), ti®#AAR-(trochanter, TC) 2 @4l (total body,
TB)Y TURE A3t 85 FUEE 7&?“’4 F
< (Anteroposterior projection, AP)2.2 331
L5 U HHYE FAe A2 934 21]4-31—
A} EY e Fi FAE AHEEAT

4, "N o AFH U EM

AAL AGRE 10/ F . 348 A2 3 83 el
9= Ca” IP(inorganic phosphate)®, ALB(alb-
umine)”. TP(total protein)®, ALP(alkaline phos-
phatase)”, osteocalcin'"E 238t} ofdl A 49
< AF sk Pyridinoline(PYD)™M# creatinine(Cr)
"z 2% o|F Alole] H|E FatueyN Zekd u
AATE g AAH(PYD/Cr).

5. MR AMe| W EAUH

Had FEAHAE Foln, fodd A5S ttest 2
paired t-testE AME3EI% oM olP] AXEL] Tt
FE 3 UL o] Hgeeto] A4S Pearson %
Partial correlation coefficient® T-3tith. 3H £4
{regression analysis)& B3lo] SUxo) vlx= A
Aol 7w 9@ ®uUzte] FHE AR A8 o]
ol BE 24 B2 SPSS 74 Package Program<
ALEEIE 3 Frelese 0.05u e 2 STt

ol 72 1t

ZTA} RS S| ME) =AL 2T

1) oIFBIR ol EM
24}t oleiule) 4% BEE 4~6142 5 457
o ol ex pAsRen 7 [l ofelu7} 164, 9
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(Table 2).

To|lblw
#pol & HQl AEdtAd AgREe ¢
3 (p <.05), ALP p (p<.001) 2 osteocalcin(p <.
e, 284 AxE onyEc] YERY $o3}

3) BAE Y 2Y
O

p<001) 157 2 (p<.001),
ward's triangle(p <4001) A (p <.01) 2 A
A(p <.001)e U=} o ERT HEo] {23}

A H EgkoH, °1U1‘459] FUEE 97§l w2t
Hlagh A3t 9A 25 (p <.01), dHEZR(p<.01).

ward s triangle(p <.01), & AR (p < .05) 2 A
Ap <009 BE 53 F-AHolA 19411 2ol 7t 8l
At} (Table 3).

2. ZLqZte| Ay

1) ZZold, o M3

AAAZ,
OflAX] b{2ke Bi47hef AEHHA|
Uzt oAl daE B dAEL AR (=,
42, p <. 0DT} AF(r=34, p<.01), W& (=40, p
<.0D), gHol(r=.56, p<.001) % Fol Eal(r=.

45, p <.01), AAF2(r=35, p <.05), HEF(r=_45,

HEM A | 9

=

Table 1. Age, physical characteristics and body composition of the subjects

Daughters(n=45)

Mothers(n=45)

Variable Mean D Mean D P value

Agelyr) 27.47 5.36 54.49 5.45
Menarche(yr) 12.62 1.42 14.80 1.58
Height(cm) 158.96 5.17 153.67 4.79 o
Weight(kg) 51.87 5.61 56.27 7.71 X
Circumferences(cm)
Head 55.78 1.15 55.51 1.89 ns
Ubil 74.29 4.83 87.13 7.33 ok
Waist 66.69 4.89 79.36 5.86 *Ex
Hip 91.02 3.38 94.67 4.57 wh*
Arm 2593 2.61 28.93 2.59 o
Femur 43.44 3.62 43.56 4.07 ns
Calf 33.82 2.04 33.60 2.82 ns
Skinfold thickness(mm)
Scapular 21.16 6.19 31.51 8.29 Frx
Tricep 25.96 5.79 30.38 6.05 HE
Bicep 12.16 3.40 16.20 4.89 Hokx
lliac 19.44 6.04 27.62 9.56 HE
Femur 33.91 6.59 33.76 7.25 ns
Calf 26.56 5.39 26.93 6.22 ns
Dorsal hand 2.60 0.58 2.38 0.58 ns
Body composition
TFBM(g) 13491 35371 18370 5662 ns
TLBM(g) 35371 3195 34869 2729 o
Fat% 27.26 5.64 33.80 6.15 ns

TFBM : total fat body mass TLBM : total lean body mass

TLBM(g)=weight(g) - TFBM(g) — bone mineral content(g)

Fat%={TFBM /(TFBM+TLBM)} * 100}

*rrp <001 ns : not significant
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Table 2. Nutrient intakes and energy expenditure of the subjects

. Daughters(n=45) Mothers(n=45)
Variable P value
Mean SD Mean SD
Energy(kcal) 1840 368 1942 324 ns
Protein(g) 77 20 82 20 ns
Fat(g) 41 14 44 14 ns
CHO(g) 291 57 305 57 ns
Iron{mg) 17 4 19 4 **
Calcium{mg) 719 170 787 177 ns
Vit A(RE) 1255 367 1419 353 *
Thiamin(mg) 1.0 2 1.0 2 ns
Riboflavin(mg) 1.2 4 1.2 4 ns
Niacin(mg) 18.5 4.0 20.0 3.4 *
Ascorbic acid(mg) 52 14 57 18 ns
Ca index 220 63 206 72 ns
EE(kcal) 2125 465 2259 384 ns
CHO : carbohydrate EE : energy expenditure
*p <05, *p <.01 ns : not significant

Table 3. Biochemical markers, bone mineral density of the subjects(45 mother / daughter pairs)

Daughters(n=45) All mothers(n=45) Premenopausal  Postmenopausal

Variable p value mothersn=16)  mothersn=29} P value
mean SD mean SD mean SD mean SD

Biochemical markers
Ca(mg /dl) 8.85 1.42 9.16 0.69 ns 9.26 .85 9.11 .59 ns
IP(mg/dl) 4.11 0.46 4.03 0.57 ns 3.97 62 4.07 55 ns
TP(g/dl) 8.32 0.37 8.21 0.42 ns 8.33 43 8.14 41 ns
ALB(g/dl) 4.62 0.28 4.52 0.31 * 4.63 31 4.46 .30 ns
ALPQU /1) 52.19  14.13  79.04 29.73 6619 1641  86.14  33.14 ns
Osteocalcin{mg / ml) 4.16 1.32 5.96 3.07 i 4.47 2.75 6.78 2.96 *x
PYD/Cr(nmol / nmolCnP  77.28 95.02 7191 117.02 ns 37.61 11.31 90.83 142.85 ns
BMD(g / cm’)

LS 1.1934 119 9572 A71 ok 1.0594 194 9008 .128 x*

FN .8913 163 7811 145 rEE .8666 119 7339 138 **

WT .8530 AN 6520 153 ok 7344 144 6065 141 **

TC .8369 196 .7288 114 *x 7789 104 .7002 11 *

TB 1.1307 .076 1.0390 117 ok 1.1109 121 9993 .096 *hx

ALP : alkaline phosphatase, PYD/Cr : pyridinoline / creatinine, BMD : bone mineral density, LS : lumbar spine, FN :
femoral neck, WT : ward's triangle, TC : trochanter, TB : total body

p <.01) 2 Fold(r= 57, p<.001)2] A 5FH, 3) YTl FL47te| afnttA|
AR FE=48 p<.001), @A (r=.32 p<.05) 2E ouyEs} FENE 23 =40, p <.01),
9D A (r=42 p <019 43F Ca index(r=43,  HEAR(r=.36. p<.01) & ward’s triangle(r=.38,
p <.01)°]|Slt}(Table 4). p <.0D9 SHxeN fejAol JTAdE Bt} o
zo o ol o g =
2) MEHEN RE Bu7iel AT S =
. . e r=51, p<.05) % ward’s tria
g% FHNAC=48. p 00U FRUC=5L ) pe < 05)9) SUm foiHel 4R
p <.001)& Bzl oA FUAS Hyon 5 vey WA T orUEa SEoE 93 (=42
3 947 ol oeuEs agel R FUMAe o NS T S
=57, p<.00)F WER(r=63 p<.00DE & L 5 A P s

Aol AL Btk 830 FUEE vy #HA
43 & YR A THTable 5). ‘]" 1

fooll #Agle] froAel e HERRITHTa-
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Table 4. Correlations of menarche age, physical charac-
teristics, body composition, nutrient intakes and
energy expenditure between mothers and

daughters

Variable r Variable r
Menarche 2™ Body composition
Height A42*%*  TFBM .08™
Weight 34%*  TLBM 48¥¥*
Circumferences Fat% 3™
Head A40**  Nutrient intakes
Ubil -.05"  Energy a1
Waist 2™ Protein 32
Hip 56%*  Fat 42
Arm 20" CHO 06™
Femur 23" Iron .29™
Calf 45" Calcium .06™
Skinfold thickness Vit A .04™
Scapular 24" Thiamin -.03"
Tricep .35% Riboflavin 147
Bicep 01™ Niacin .04"™
lliac 27" Ascorbic acid .06™
Femur A45*  Ca index 43
Calf 57
Dorsal hand .05™ EE 22"

TFBM : total fat body mass, TLBM : total lean body
mass, CHO : carbohydrate, EE : energy expenditure, R
values are Pearson correlation coefficients, *p < .05, **p
< .01, ***p <001, ns : not significant

Table 5. Correlations of biochemical markers and bone
mineral density between mothers and daught-

ers
All mothers  Premenopausal  Postmenopausal
Variable (n=45)  mothersin=16) mothers(n=29)
r r r

Biochemical markers
Ca -.10™ -.15™ —.14™
P 16™ .06™ 27"
TP A8*** 41" H7¥*x
ALB ST 45™ H3FH*
ALP 23" 40™ 217
Osteocalcin 6™ -.01™ 23"
PYD/Cr .18™ 32™ 19
BMD(g [ cm?)

LS A0 51 A42%

FN 36%* 40™ .34™

WT 38 56* .30™

TC 13" .35™ .00™

B 28™ 6™ 43*
ALP : alkaline phosphatase, PYD/Cr : pyridinoline /
creatinine, BMD : bone mineral density, LS : lumbar

spine, FN : femoral neck, WT : ward's triangle, TC : tro-
chanter, TB : total body, R values are Pearson corre-
lation coefficients, * p <.05, **p < .01, ***p <.001,
ns : not significant

A & 36 29(9) 1 991~1002, 1996 /995

ble 5)
3. 2UZe} of2] PEelxiele] 23y
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7k Aok, ojuluse] A4S dua FURitdE 7
E 29loA folHel o AUBA (r=— 49~ - 56
p <.001)E YeRIItH(Table 6, 7). B Mg o]
NE BUE} Ay7tel= dA 2 4ekdo] glon of
ZRE FUng BAJAE HED wole A% & Al
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U % AT EE BUEY fOA g yEiE 8
Ackp < .05~p <.001). ofelUSshe Del A
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Table 6. Partial correations between physical characteristics and body composition, biochemical markers, nutrient in-
takes and energy expenditure and bone mineral density in mothers

Variable LS FN WT TC B
Age — 4%+ — 55¥ — 56*** — 49%x — 52w
Weight 46%* L .30* 12 56%**
Circumferences
Ubil 36* .35% 32% 16 A4r*
Waist 39% Ab** 34% 22 S5
Arm S5 H2¥*¥ Y AT** A R
Femur Q¥ A1 34* .28 A0
Calf .18 38* 29 -.05 27
Skinfold thickness
Scapular 38 39%* 39w 27* A5%*
Tricep 30 36% 35* 25 22
lliac 37* 524 Y R .30* 43
Calf 17 32* .18 .03 33*
Body composition
TFBM 56%** 69+ 61%** 38%* 68***
TLBM 37 AT¥* 23 17 A3F*
Fat% 54xxx 63%** 58F** 33* 69***
Bone markers
ALP — 67*** —.52¥x* — . 5T¥* -.16 L
Osteocalcin — .68*** L —.60%* -.28 — .66***
Nutrient intakes
Energy 4% 08 -0 - 03 22
Protein 47rEE .25 .20 .00 31
Fat 37 21 .18 01 21
Iron 54%kx% 35 25 12 A40%*
Ca I R 33 22 13 A43%*
Vit A A4x* .35% 23 21 42
Riboflavin 32* .06 -.03 -.06 18
Niacin A40%* .07 -.02 -.01 21
Ascorbic acid A2¥x 25 10 23 A40%*
EE .38%* 52¥rx 38%* 22 A7**

Partial correations, adjusted for age
*p <05, #*p < .01, **p <.001, ns : not significant

St} ouix] 2ulgE SUEs fojdel Fof AHA
2 »gom(p < 01~p <001, A (p < 0D%
AN (p < .0Del FUES 53] Jyel Hoh

3) =T ofa] FEelRtete| CbE 5|7 #4

2259 ABANE Holl= o7 ¢aIAE F o
2Qlo] 71 Atd dFE vix HESE] 3
AAE g B #A e Table 83 #on RE
model®] A4 °=1-‘?’~:§: AT A3 25 Aot
HES} oA e uigle] Bax) sk TBeEAl Qe
W47 B8 A stepwise model MY 71EE en-
try 0.10 ©|3t& 8k3L removal 0.15 ©]F 2.2 3= 3
ol 7Fed B FoHQ MFE Fopd = 3long 2
Lol et Azl GRS el BAiale) v

AeAE

9] 7]%% entry 0.10 ©]8}& dt3L removal 0.15 ©]4
o7 o] BA39TY

UL A$ 8% FUEo]E osteocalcin(p <.
001), Z4 A#AZ(p <.0D°], HEEF- Fd=el+= A
Z(p <.00D), 9% (p <.001), Ap <.0D), Z5 A
& (p <.01e°], ward's triangle Y Edl= dH(p
<.001), AlF(p <.001), A3 (p<.001)°], dEHA
BoZugdE A3 (p <00, A FdxdE
osteocalcin(p <.001), Z& 32 <.01), AF@
<.01), 93 (p <.05), vx] HHAZF(p <.05)°] F2
AL nlE 89003

Qe A% 9% TUTAE AZ(p <.0101)°], o
R Z(p <.001). oA A <

—{o

g © A

b

o
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Table 7. Partial correations between physical characteristics and body ‘composition, biochemical markers, nutrient in-
takes and energy expenditure and bone mineral density in daughters

Variables LS FN WT C B
Height 21 Axx .29 30* .20
Weight A1%x S6*** SO¥** -.03 .66***
Circumferences
Head 33* .29 31* 15 41
Ubil 25 A40** 37* .05 .38%*
Waist .24 A45** A40%* .00 39%
Hip .34* 37 .35* -.04 53
Arm 23 34* 33 -.04 4O¥**
Femur 32+ 39¥* 36* =21 S7Hx*
Calf .25 33+ .30* -.10 53HE*
Skinfold thickness
Femur a1 05 10 -.21 34
Body composition
TFBM 19 31* 32¢ -.22 42
TLBM 39% S5k A4xx 19 56***
Fat% .09 14 19 -.30* 27
Bone marker
ALP -.15 -.27 —-.32* -.20 -.19
Nutrient intakes
Energy -.05 19 15 36* 1
Protein - .04 .25 19 4o+ .07
Fat -.03 24 a5 AgFx .01
Iron .01 25 19 A5 .07
Ca 10 .28 .23 33 .08
Riboflavin a3 19 a5 34% .02
Niacin -.05 18 15 33* .10
EE 24 A43% .38** -.02 43

Partial correations, adjusted for age,

05)°], ward’s triangle FE=olE A3 (p <.001)
o|, e das %‘JE‘E"]P‘* Al HA=Zp <.05)°l,
AN FEEdE AF(p <.00D0] F8 JEE vAe
Q

Adolitt.
4. Zli7te| 22T RMUE

1) Partial correlations

A =gPolA Bk olel B Ao AR ddo] &
s nxE ggke An g dulel oS 2
Azt BTt Izl vX] = gt FEE golr )
M AEE 2yl B} ojrue] A&
2 & BME A (r2) 8F(r=.47. p<.001), U
EA5 (r=42. p <.01), ward's triangle(r=45. p <
0D 2 A =37 p<.0D)9 FELEANA Fo3
AEAAE BYon O ABHEE A¥S 2y &
% WD ES w3kt SUnel ofg] o gkolAjete]
AEEA BN E o2 B A A4 A §
o)1l AHd S Vel e e g A AlFS o) 2%

*p < .05, **p < .01, ***p <001, ns :

o] BASAT 7 ATH(r3) 83 (r= 33, p<.05)9+
WE AT (=31, p<.05)9 TE=AME &
#HYE Byon, 1 AMPTE AR 24 4
SHTE sk} ojny o) EUT ) ofy] eiztETe
58l B4 43 osteocalcindt A4 2 odx] A3
o] fo]HQl WA om R osteocalcindt T 9 o
U4 A o 238e B8 o 23 &
F(r=.35. p <.05), HEZAF=.37. p<.05) ¥ wa-
rds triangle(r=.32. p <.05)9 FU=olA F2&
FEEE RYon, o ABYPEE thah FolHt) ofy)
o &9 TUEY FodL B WFE & 959 A
9 oolyA] HHeE 2] 2% & FMe A
(rh)= 8F(r=.48. p<.01), WEAFEG=.38, p<.
05) % ward's triangle(r=.36, p <.05)2] FU%xo]
A HoARl AR E BYer o gt sE oha &
OWW FE AAEY BA 55 TAGle] Bzt
BEA L 93 FURA 71 =%tHTable 9).

not significant

10| IP:114.71.4.130 | Accessed 2016/07/08 17:11(KST)



998/ i 7kl T T

Table 8. Results of significant stepwise multiple regression analyses

dep.var indep.var B SE B B P value R?
Mothers
LS Osteocalcin -.028520 .005900 -.512499 .0000 633
Ca 3.06790E - 04 005900 .318586 .0043
Age —-.005811 1.0143E-04 ~.185768 0858
FN Weight .010842 .002004 575963 .0000 666
Age -.011537 002716 -.433678 .0001
Height -.010000 .003157 —-.329842 .0030
Ca 2.85166E - 04 1.0320E-04 348190 .0087
Energy -1.01348E-04 5.58798 - 05 —-.226537 0774
WT Age —-.014521 002805 ~.516175 .0000 630
Weight 011737 002124 .589640 .0000
Height —.014160 .003414 - 441657 .0002
TC Age —-.010101 .002775 —.489772 .0007 240
B Osteocalcin -.015251 .004446 -.399410 .0014 .688
Ca 2.45056E - 04 8.0497E - 05 370873 0042
Weight .004407 001646 290163 .0108
Age ~.005356 .002147 —.249557 .0169
Energy —.945140E - 05 4.4524E - 05 -.261855 0402
Daughters
LS Weight 008419 .002958 .398179 0067 159
FN Weight .015835 003545 546188 .0001 374
Energy 2.36255E-04 .003545 246034 0506
WT Weight .016865 004491 496924 .0005 247
TC Energy 1.70893E - 04 7.4286E - 05 322225 .0265 197
Height .009730 .005285 257866 .0727
B Weight .008717 .001570 646133 .0000 417

Variables are listed in order of entry into model by forward stepwise multiple regression

Table 9. Unadjusted and adjusted correlation coef-
ficients for bone mineral density within mother-
daughter pairs

BMD rl 12 r3 r4 5
LS A0** 47 H¥* 33* 35% A7**
FN 36%* 42%* 31 37* 37*
WT 38% A45%* .28 32 35%
TC A3 1 1 19 17
TB 28 37** .04 .07 .25

R1 : Pearson correlation, unadjusted

R2 : Partial correlation, adjusted for mother's age

R3 : Partial correfation, adjusted for mother's age, we-
ight and height

R4 : Partial correlation, adjusted for mother's age,
weight, height, energy, Ca intake and osteocalcin

R5 : Partial correlation, adjusted for mother's age, we-
ight, height, energy, Ca intake, osteocalcin and
daughter's weight, energy, Ca intake

2) 23 24

Bzte] Zdxe oigt 33 &4 A= Table
102} 23 modeld A4 AFE A5 23 85,
HE AR 2 ward's triangle®] SE =T A Ee+4
on(sig F<.05), 85(p<.01), d=EAE(p<.0D

2 ward’s triangle(p <.01)9] FH=lA Rzt
FHQ Fe] dgo] JYUATHTable 10).
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Table 10. Multiple linear regression models for bone mineral density of mothers and daughters(method:enter)

site B B sig T R’

LS 280635 .097101 1403307 .0060 163
constant 924738 094376 .0000

FN 408959 .159303 .364549 0138 133
constant .571891 126516 .0000

WT 476573 174876 .383767 .0093 147
constant .542296 117059 .0000

TC 077312 .088514 133568 3406 .002
constant .664096 .076037 .0000

B .180809 .094740 279444 0630 078
constant 942814 .099040 .0000

LS F=8.35288 sig F=.0060

FN  F=6.59038 sig F=.0138

WT F=7.42671 sig F=.0093
Tl 2 4eE nzed ole T Y= A
o 2A) Rt Flof ofdrt gt of A Aol B
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