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Dietary factors affecting bone mineral density in Korean rural postmenopausal women*

Choe, Jeong Sook" - Ahn, Eun Mi' - Kwon, Sung OK’ - Park, Young Hee' - Lee, Jinyoung'
' Agro-food Utilization Division, Rural Development of Administration, Suwon 441-853, Korea
’Department of Food and Nutrition, Kyoung Hee University, Seoul 130-701, Korea

ABSTRACT

This study was conducted to investigate dietary factors, bone status, and bone loss in postmenopausal women in rural
areas. A total of 189 women participated in the follow-up study after two years. Radius, Tibia, and Phalanx SOS (Speed
of Sound) was measured on two occasions 2 years apart by ultra-sonic-metry, and % body fat was measured by bioelec-
trical impedance analysis at the baseline and after 2years. Dietary intake data were collected 4 times at different season
by 24-hour recall method, and then calculated as average. Bone density of radius decreased by 4.2% during the two year
period. When the subjects were divided into three groups, by bone decline level during two years, the lowest bone loss
group had higher potassium and vegetable intake than other groups. Age and calcium intakes showed significant correla-
tion with bone decline rate at tibia. In multiple regressions, the baseline SOS, vitamin A, vegetables and eggs intakes were
found to be significant factors for tibia bone decline. In conclusion, dietary factors, such as higher vegetable intake, seem
to affect the changes in bone mineral density in more favorable way. Therefore, efforts are needed to enhance the access
to nutritional care for rural elderly postmenopausal women. (Korean J Nutr 2012; 45(5): 470 ~ 478)
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Baseline
189 postmenopausal women involved in study
; QUS,* anthropometry, dietary assessment

* Exclusion criteria

— Menopause due to histerectomy and ovariectomy
— Endocrine or metabolic disease

— Hormone replace therapy (past or current)

Seasonal dietary assessment
]
for a year
A4
After 2 years
Exculded n =0

. QUS, anthropometry

Fig. 1. Flowchart of the study. *: Quantitative Ultrasound.
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Table 1. Body composition of subjects at baseline and after 2
years

Baseline After 2 years

puter Aided Nutritional Analysis Program, gF=+%oFs}s])
< olgato] YYA S A&
A

EAE A

$3% A== SAS (Statistical Analysis System) Version
913 ERIHE o|geto] 2Al FEUR WES Ha U X
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stk SE = I Q= BE HeEel o
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Fe 2] 98l v SRS e
o FFa AAFEE Urolol A4 2 A
& ALefal7] flste] o |A] 1,000
YoFA Yr & AbEDto] vl Wtk

o & AFEF= AL

Characteristics (n = 189) (h = 189) p value
Weight (kg) 533+9.4" 51.8+9.4 Z J_-'-|'
Height (cm) 148.9 + 6.1 -
BMI (kg/m?) 23.9 +3.4 23.4+ 3.4 ZAFCHARREO] RIS 2 ®|K|E} HHE}
Body fat E%)) 28.7 £5.9 28.9 + 6.1 NS _JZ_/\]—EH%Z]-QJ ﬁﬂ]ﬁ]é‘i]-o/] %i}_aoh‘%_ Table 10“ X‘”/\]fﬂ-ﬁ
Body fat (kg 17.4+0.4 152+0.4 o = s
. A% A=A (BMI, Body Mass Index)7} 3-2]2 0. &2
Lean body mass (kg) 36.1£55 36.6+ 6.4 * = T] ARZA ( T Y J7F el
st wh AR g 27k Ao 2 ey,
1) Mean £ SE
NS: not significant =
* p<0.05, #**: p<0.001 by paired sample t-test 'E'DEIEQ- 52}
2d 5 BUEE 88 AT, AT Al Y BE AT A2 A
Tablﬁ 2. Values of bone SOS (m/s) measured by ultrasound in - of H|a}o] B-0]% 0 & 7}ASE 210 2 LERGT} (Table 2). 8
each year
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Radius 4178.4 +252.7" 3995.5+ 167.1 o2 HaskSich(Fig. 2, Table 3).
Tibia 3701.9 £ 1543 3662.9 +154.3 o = AAl » o
*okk =0 —l—A = g E X A
Phalanx  3801.6 + 181.0 37317+ 173.2 Z2E 240 OE 258 X0 24
| Moo sE AT A A9k 24 Fol 4T BUES] WE-E-S o}
*##: p<0.001 by paired sample t-test of 27t ZEE WskEo] FaFE v|A= 29 A5
Radius Tibia Phalanx
00 50-59y 60-69y 70-79y Over80y 00 50-59y 60-69y 70-79y Over80y 00 50-59y 60-69y 70-79y Over80y
705 |
-1.5 -0.5 |
8 S 8 o |
g -30 g -10 b 09 -09 %
S S -1 s -5 ¢ -1.3
@ -3.5 37 @ )
- -3.8
-45 | -15F -4 0 1.7 L
L -0 -1.9
-5.0 L
-60 L -20 b -2.5 L 23

Fig. 2. Bone loss (%) over 2 years by age-groups.
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Table 3. Mean bone loss (%) by tertile of bone loss (%)

Bone loss (%)

Site
T1 (lowest loss)(n =63) T2(n=63) T3 (n=63)
Radius -0.16 + 0.70" —2.98+1.43 —9.51 £2.48
Tibia 0.30 £0.29 —-0.42+0.30 —2.99 +1.49
Phalanx 0.14+0.35 —-1.05+0.62 —4.50+2.22
1) Mean + SE

Table 4. Age, menopausal age, duration after menopause and
number of birth by tertile of bone loss af radius

Bone loss (%)

Characteristics T1
(lowest loss)
69.7 £10.2" 68.5+8.6 68.7+9.0
488+3.6 49.0=x3.1 48.6+3.2
Duration after menopause 20.9 £12.1 19.5+9.8 20.1 £10.3
Number of childbirth 54+22 53+£20 50+22

T3

Age (yr)
Menopausal age

1) Mean + SE

Table 5. Body composition by tertile of bone loss at radius

Bone loss (%)

Characteristics

T1 (lowest loss) T2 T3

Height (cm) 1489 +0.7" 1492+0.7 1485+0.7
Weight (kg)

Baseline 544 +1.1 533+ 1.1 520+ 1.1

After 2 years 525+ 1.1 524+ 1.1 50.5+ 1.1

Absolute change -20+0.4 -1.0£0.4 -1.5£0.4
BMI (kg/m?)

Baseline 24.4+0.4 23.9+0.4 23.5+0.4

After 2 years 23.6+0.4 23.6+0.4 229+0.4

Absolute change -0.92+0.2 -030£0.1 -0.63+0.1
Bodly fat (%)

Baseline 29.7£0.8 28.5+£0.8 28.0£0.8

After 2 years 29.6 0.8 28.6 0.8 28.5+0.8

Absolute change -0.26 0.8 0.74+0.8 0.36 £ 0.8
Lean body mass (kg)

Baseline 36.1 £0.6 36.6 0.6 35.6£0.6

After 2 years 36.9 +£0.7 37.0+0.7 35.9+0.7

Absolute change 0.93+0.4 0.51£0.47 025+0.4

1) Mean + SE
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Table 6. Energy and nutrient density by tertile of bone loss (%) at
radius and tibia

Bone loss (%)

Nutrient density =

(per 1,000 kcal) 12 13
(lowest loss)

1. Radius

Energy (Kcal) 1304.0 + 40.0"? 1255.0 + 35.0 1221.0 + 40.0

Protein (g) 355+ 1.0 36.0+0.9 338+1.0
Calcium (mg) 287.1+142 2812+ 124 2632+ 143
Potassium (mg) 1466.0 + 43”°  1340.0 + 38" 1292.0 + 43°
Zinc (mg) 49+0.1 49+0.1 47 +0.1
Vitamin A (ugRE) 383.6 +38.0  384.7 +33.3 257.6+38.2
Vitamin C (mg) 62.5+ 4.0 54.6 +3.5 49.7 + 4.1
Folate (ug) 209.7 + 8.2 200.0+7.1 180.1 +8.2
2. Tibia
Energy (Kcal) 12100 + 34 1310.0 £34 12410 + 34
Protein (g) 362+0.9 353+09  335+09
Calcium (mg) 307.0+122  271.6+12.2 256.1+123
Potassium (mg) 1442.0 +37°  1342.0 +37% 1304.0 + 37°
Zinc (mg) 50+0.1 48+0.1 47 +0.1
Vitamin A (ugRE) 388.1 + 32.1 3141 +32.3 3158 +32.6
Vitamin C (mg) 60.0 + 3.5 54.6+35 522+35
Folate (ug) 200.9 + 7.0 192.6+7.1  1954+7.]

1) Mean +SE  2) Mean values are significantly different accord-
ing to tertile of bone loss (%) by ANCOVA adjusted for age and
baseline bone SOS (p < 0.05) 3) Different superscripts within a
row are significantly different at Duncan's multiple range test (p
<0.05)
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Table 7. Food intake by tertile of bone loss (%) at radius and tibia

Bone loss (%)

Food intakes(g)

T1 (lowest loss) T2 T3
1. Radius
Legumes&their products 247 +3.9" 188+3.4 17.6 +4.0
Vegetables 243.6 +12.8% 2151 £11.2% 189.7 +12.8°
Fruits 105.7 + 6.6 118.7 £ 4.3° 88.2+8.7°
2. Tibia
Legumes&their products 20.3+3.4 18.0+ 3.4 21.2+3.4
Vegetables 229.1£11.1 209.6 £11.1 207.1£11.2
Fruits 112.4 + 4.2 102.10 + 4.2 97.9 £ 4.2

1) Mean = SE  2) Mean values are significantly different according to tertile of bone loss (%) by ANCOVA adjusted for age and
baseline bone SOS (p <0.05) 3) Different superscripts within a row are significantly different at Duncan’s multiple range test (p <

0.05)

Table 8. Partial correlations between bone loss (%) and related factors

Radius Tibia Phalanx
» Adjusted Adjusted Adjusted
AL unasgotes fotied 10,97 s [0S 19,250 1 nosies fekeied 900
bone SOS bone SOS bone SOS
Age —-0.091 —-0.194** -0.053
Duration after menopause  —0.059 -0.184" —0.045
Number of pregnancies -0.096 -0.108 0.197**
Baseline bone SOS 0.650*  0.656"™* 0.108 0.034 0.245"*  0.240™
Nutrient Density
Calcium -0.014 -0.015 -0.068 -0.177  -0.183*  -0.185" 0.068 0.067 0.066
Phosphorus 0.007 -0.002 -0.090 -0.136 -0.158*  —0.161% 0.050 0.046 0.035
Potassium —-0.076 —-0.083 -0.196™* -0.127 —-0.143 -0.149* 0.030 0.027 0.028
Zinc —0.090 -0.096 -0.078 -0.123 -0.137 -0.136 -0.031 -0.034 -0.047
Vitamin C -0.166"  —0.176" -0.171* -0.036 -0.055 -0.057 0.051 0.047 0.066
Vitamin A -0.080 -0.086 -0.182* -0.067 -0.080 -0.090 -0.056 -0.059 -0.047
Folate -0.078 -0.084 -0.159* -0.014 -0.027 -0.033 0.070 0.067 0.093
Food intake
Total food intake -0.043 -0.092 -0.177* 0.122 0.042 0.036 -0.017 -0.045 -0.033
Vegetables -0.130 —-0.165" -0.205** -0.029 -0.092 -0.092 0.014 -0.002 0.033
Eggs -0.053 -0.063 -0.155* 0.096 0.079 0.076 0.065 0.061 0.059
#: p<0.05, *¥: p<0.01, ***: p<0.001
A= AT SUE ST o S HYrh 4l & Ko Zg ARl BEaE SUE AR Yol =
A AlSx| ot U= Hakgo] WS A 2y A Al Ao s YEth Y 4R AFEE EHHsE AT &
2 A 2E 3 A1F 52 TS fagd o] gl Al ol FEE ST ARl S0 ATRAIE BT AlE
o2 velyith A3 A% A ZUEL Ao ot BAs  F AaR U R AT 0 3UE 4487 405
AL W 0T FUE AAEI GOl AR e o) AuAS Bel Aa 4 dRe| ATl WS E o
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Z AT AR A BUET Be4E 0d F BUE Jase AT A9 du) ol FUE g fold Aolg
& 20 2 et Helonw Agids U=t Qs Wl tieh 4
[0 A S-S SAIRE ol ZF, vIEHIC, HIEF  IREAS AAISESITE (Table 9). 50t AR we] de 34
HIA, dah AR S8 Aae) 39 A Ut &2 AR Al SR o A YERSIAL 60~74
Ok AT R FUE AL T4 AFTT SO AT Al AFZL Sl 7 Q) HE oldAEk Sof Al
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Table 9. Partial correlations between bone loss(%) at tibia and related factors by age-groups

50-59y (n=31) 60-74y (n=110) >75y (n = 48)
o Adjusted Adjusted Adjusted
PAECIIE ncaputaa "o 199557 Unacutaa IS %1298 T Unacuaa A %2080
bone SOS bone SOS bone SOS
Age
Baseline bone SOS 0.402" 0.396"
Nutrient Density
Protein -0.230"  —0.231* -0.230"
Calcium -0.211*  -0.212"  -0.207" -0.375™ -0.375"™  -0.380""
Phosphorus —0.251""  —0.252""  —0.247*
Iron —0.245%  —0.245" —-0.239"
Zinc -0.248"" —0.248"*  -0.253""
Potassium -0.304" -0.308"  -0.306"
Food intake
Milk & milk products -0.293"  -0.293"  -0.293"

*: p<0.05, **: p<0.01, ***: p<0.001

Table 10. Multiple regression analysis with baseline bone SOS, and nutrient density and food intake as independent variables and

bone loss (%) at radius

Regression coefficient Standardized estimate  SEM  p

" Adjusted R? for a model

Nutrient density”  Intercept —-39.6732
Baseline bone SOS 0.0113
Vitamin A (mg/1,000 kcal) —0.0023
Food intake Intercept —39.25%96
Baseline bone SOS 0.0115
Vegetables —0.0081
Eggs —0.0326

0 3.9960 ***
0.6600 0.0010 ***
-0.1409 0.0009 *
0.4356
0 3.9309 ***
0.6711 0.0009 ***
-0.1746 0.0025 **
-0.1191 00150 *
0.4587

1) *: p<0.05, #*: p<0.01, **#*: p<0.00]

2) The entered variables were age, height, baseline body fat (kg), change in body fat

(kg), baseline lean body mass, change in lean body mass, total energy, nutrients expressed as the nutrient density (protein, fat, cho-
lesterol, carbohydrate, Ca, P, Fe, K, Na, Zn, niacin, folate, dietary fiber, vitamin A, vitamin Bi, vitamin B, vitamin C), food intakes and

baseline bone SOS at radius
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