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Factors Related to Calceneal Broadband Ultrasound Attenuation, Anthropometric Indexes
and Nutrient Intakes among Elementary School Children in Chungnam
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Abstract

Variables affecting bone heath of growing children were analyzed among forty nine 10-12 year old elementary
students in three rural regions of north west Chungnam area. Information on age of the parents, duration of breast
feeding and birth weight were collected from the guardians of the participants and nutrient intake and diet quality
were assessed by average of three-day food records of participants with the help of dietitians. Bone health status was
measured by calceneal broadband ultrasound attenuation (BUA) using quantitative ultrasound (QUS). Results showed
that anthropometic indexes and nutrient intake levels were not different between boys and girls. However, iron intake
was significantly lower in girls than in boys. Girls after menarche showed lower intake levels for thiamin, riboflavin,
pyridoxine and niacin than girls before menarche. z-scores of BMI were lower than —1 and higher than +1 showed
shorter breast feeding period than others but the difference was statistically non-significant. Overall, the subjects did
not consume enough s of calcium, vitamin C and folic acid. Zinc intake and BMI were the most significant factors
affecting BUA by the results of backward elimination in multiple regression models. Phosphorous and beta-carotene
intakes showed significant negative relation with BUA. This study showed that children living in the rural area of
Chungnam need extra care to keep their health and nutrient intakes especially for the nutrients known to affect growth.
Tailored nutrition education needs to be more focused on the improvement of bone health status of children. (Korean
J Community Nutr 18(4): 312~323, 2013)
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Table 1. General characteristics of the subjects by gender
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Boys Girls p-value

N (%) 43 (46.7) 49 (53.3)

Age (y) 11.53 £ 0.57" 11.30 £ 0.64 NS
Weight (kg) 41.70 £ 10.41 40.27 £ 9.29 NS
Height (cm) 14420 + 8.58 144.58 + 7.55 NS
BMI (kg/m?) 19.84 + 3.44 19.10 £ 3.30 NS
BUA? (dB/MHz) 73.30 £ 10.60 74.43 + 9.28 NS
Birth weight (kQ) 3.16 £ 046 3.08 + 0.36 NS
Duration of breast feeding (m) 591 £ 7.48 8.25 + 7.89 NS
Breast feeding NS
No 17 (40.5) 19 (38.8)

Yes (< 3 month) 7(16.7) 3(61)

Yes (> 3 month) 18 (42.9) 27 (65.1)
Father's age NS
30~39 years 10(23.8) 13 (27.1)

40~49 years 29 (69.0) 33 (68.8)

50~59 years 3(7.1) 2( 4.2
Mother's age NS
20~29 years 2(4.7) 0( 0.0

30~39 years 20 (46.5) 34 (69.4)

40~49 years 20 (46.5) 15 (30.6)

50~59 years 1(23) 0( 0.0

1) Mean = SD

2) Broadband ultrasound atftenuation (BUA)
NS: Not significant
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Table 2. Comparison of the variables by the BMI of the study subjects
BMI group
Z-score < -1 -1< Zscore <0 0 < Zscore <1 Z-score > 1

N (%) 7(7.6) 47 (51.1) 26 (28.3) 12(13.0)
Age (y) 11.55 £ 0.69" 11.31 £ 0.54 11.60 £ 0.63 11.29 £ 0.73
Weight (kg) + 2.92° 34,97 £ 4.11° 46.35 + 4.94° 58.28 £ 7.41°
Height (cm) + 5,18% 141.20 £ 7.57° 148.28 + 7.34% 149.28 + 6.88°
BMI (kg/m?) + 0.75° 17.50 £ 1.01° 21.04 £ 1.04° 26.09 £ 2.33¢
BUA? (dB/MHz) + 7.98° 71.73 £ 8.97® 77.34 £ 8.30° 79.18 £ 12.96°
Birth weight (kg) + 017 3.10 £ 0.44 3.11 £ 0.43 3.24 £ 0.37
Breast feeding duration (m) + 7.83 7.76 £ 8.50 7.57 £ 6.93 589 + 7.59
Breast feeding

No 5(71.4) 21 (44.7) 8(30.8) 5(41.7)

Yes (< 3 month) 1(14.3) 6(12.8) 9 (34.6) 1(8.3)
Yes (> 3 month) 1(14.3) 20 (42.6) 9 (34.6) 6(50.0)

1) Mean £ SD

2) Broadband ultrasound aftenuation (BUA)
abc: Values with different superscript lefters within a row are significantly different based on

post hoc test

Table 3. Dietary intakes of the subjects by sex

one-way ANOVA followed by Tukey's

Boys Girls p-value
Energy (kcal) 1,480.66 + 285.20" 1,351.20 + 271.53 0.028
Intake values per 1,000 kcal energy infake
Protein (Q) 4126 £ 3.89 4099 £ 424 NS
Vegetable profein 1794 £ 3.11 1749 £ 294 NS
Animal protein 2332 £ 559 2350 + 503 NS
Fat (g) 2888 + 598 28.69 £ 4.09 NS
Vegetable fat 11.67 £ 3.73 1,026.00 + 2.84 0.042
Animal fat 17.21 £ 6.00 18.43 = 427 NS
Carbohydrate (g) 144,38 =+ 14.29 14533 £ 214 NS
Fiber (g) 847 £ 1.72 901 £ 214 NS
Calcium (mg) 339.81 £ 83.44 353.78 £ 74.64 NS
Vegetable calcium 13240 = 44.69 12624 + 37.98 NS
Animal calcium 207.41 £ 83.51 228.55 £ 78.62 NS
Phosphorus (mg) 500.04 £ 66.99 590.17 £ 69.52 NS
Iron (Mg) 658+ 1.05 650 £ 1.31 NS
Vegetable iron 461 £ 1.02 453 = 1.09 NS
Animal iron 197 £ 052 197 £ 054 NS
Sodium (Mg) 2,010.74 £ 371.76 1,969.37 + 420.62 NS
Potassium (mg) 1,343.44 £ 210.98 1,358.57 £ 223.71 NS
Zinc (Mg) 516 £ 046 513 £ 051 NS
Vit A (ugRE) 354.50 £ 107.81 37416 £ 87.52 NS
Retinol (ug) 100.73 £ 51.12 108.85 =+ 41.19 NS
Beta-caroten (ug) 1,386.20 + 545.90 1,479.31 £ 517.39 NS
Thiamin (mg) 062 £ 0.10 0.64 £ 011 NS
Riboflavin (Mg) 065 £ 016 0.68 £ 0.09 NS
Vit B, (MQ) 103+ 015 1.02+ 018 NS
Niacin (mg) 932+ 1.71 931 £ 175 NS
Vit C (mg) 28.89 + 8.64 31.04 £ 1049 NS
Folic acid (ug) 102.09 + 24.78 110.73 £ 30.39 NS
Vit E (g o-TE) 7.06 £ 1.90 661 £ 2.4 NS
1) Mean = SD

NS: Not significant
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Table 4. Dietary intakes of the subjects by the BMI group
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BMI group
Z-score < -1 -1 < Zscore <0 0 < Zscore<1 Z-score > 1
Energy (kcal) 1,362.80 + 286.5" 1,397.10 £ 274.3 1,400.50 + 278.5 1,621.80 £ 339.9
Intake values per 1,000kcal energy intake
Protfein (Q) 4133 £ 525 4132+ 416 3998 + 3.77 42,66 £ 3.23
Vegetable protein 18.74 £ 3.76 17.41 £ 291 1792 £+ 3.31 17.75 £ 245
Animal protein 2259 + 6.55 2390 + 547 2207 £ 5.39 2491 £ 263
Fat () 27.77 £ 4.8 2935+ 532 2743 + 526 30.04 £ 3.28
Vegetable fat 1080 £ 297 1072 £ 3.36 1092 £ 375 11.78 £ 2.69
Animal fat 1696 £ 547 18.63 = 529 1651 £ 570 18.27 £ 223
Carbohydrate (Q) 144.66 £ 11.62 14410 £ 13.07 148.86 = 13.41 139.51 £ 5.82
Fiber (Q) 9.44 + 322 872+ 1.94 881+ 1.82 8.41 = 1.62
Calcium (mg) 358.18 = 63.44 354.54 £ 82.90 351.72 £ 76.19 302.67 = 68.24
Vegetable calcium 150.23 £+ 54.40 125.33 £ 36.13 130.55 =+ 47.11 124.42 £ 39.26
Animal calcium 207.95 £ 66.76 229.20 £ 90.16 221.16 £ 68.00 178.26 £ 72.48
Phosphorus (mg) 600.99 £ 53.96 591.88 £ 74.12 586.71 £ 60.55 58423 £ 71.96
Iron (Mg) 696+ 1.50 653 £ 1.23 658 £ 1.11 620+ 1.05
Vegetable iron 493 £ 1.14 454 £ 112 4,61 £ 099 435+ 091
Animal iron 203 £ 0.68 1.99 £+ 053 197+ 054 1.85+ 0.40
Sodium (Mg) 2,073.80 £ 312.9 1.979.70 + 448.9 1,956.40 + 359.9 2,044.60 £ 318.8
Potassium (mg) 1,450.10 = 315.1 1,340.60 = 200.9 1,357.10 = 203.0 1,324.40 + 253.0
Zinc (Mg) 505 = 0.8 518 £ 0.0 509 £ 043 517 £ 046
Vit A (LQRE) 379.09 £ 126.15 359.47 £ 91.20 387.30 £ 111.42 329.88 =+ 64.47
Retinol (ug) 11219 + 44.85 107.44 = 50.68 104.33 £ 41.14 93.10 £ 40.26
Beta-caroten (ug) 1,484.00 + 621.1 1,418.80 + 553.6 1.501.00 + 500.3 1,332.70 + 488.8
Thiamin (mg) 0.69 =+ 0.06° 0.63 £ 0.10%® 058 £ 0.07° 0.66 £ 0.13%
Riboflavin (Mg) 072+ 013 068 £ 0.13 065 £ 013 062 £ 0.10
Vit B, (MQ) 1.04 £ 012 1.04 £ 017 099 £ 017 106 £ 0.18
Niacin (mg) 947 £ 1.50 940+ 1.80 887 £ 1.83 983t 1.15
Vit C (mg) 3092 £ 9.62 31.00 £ 999 28.47 £ 8.34 2917 £ 11.77
Folic acid (ng) 11683 £ 41.76 106.19 = 26.95 105.85 =+ 28.26 104.55 + 25.54
Vit E (g o-TE) 701 £ 284 672 £ 235 699 £ 1.71 672 £ 233
1) Mean = SD

ab: Values with different superscript letters within a row are significantly different based on one-way ANOVA followed by Tukey's post

hoc test
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Table 5. Evaluation of diet quality by sex
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Boys Girls p-value
NARY
Profein 1.12 £ 0.24? 1.08 + 0.21 NS
Calcium 0.56 £ 0.17 0.56 £ 0.12 NS
Phosphorus 0.85 £ 0.16 0.86 £ 0.16 NS
Iron 0.79 £ 0.17 0.72 £ 0.17 0.049
Zinc 0.93 £ 0.14 0.91 £ 0.14 NS
Vitamin A 0.78 £ 0.18 0.84 + 0.18 NS
Thiamin (mg) 0.84 = 0.17 0.88 + 0.13 NS
Riboflavin (Mg) 0.73 £ 0.22 0.86 £ 0.15 0.002
Vitamin B, 0.95 £ 0.11 095+ 0.13 NS
Niacin 091 £ 0.15 0.91 £ 0.13 NS
Vitamin C 050 £ 0.17 0.53 £ 0.19 NS
Folic acid 0.46 £ 0.17 0.46 £ 0.15 NS
MAR? 0.79 £ 0.13 0.80 £ 0.11 NS
INQ?
Profein 211 £ 0.26 1.92 £ 023 0.001
Calcium 0.81 £ 0.20 0.77 £ 0.17 NS
Phosphorus 1.26 £ 0.16 1.18 £ 0.17 0.036
Iron 1.19 £ 0.26 0.98 + 0.21 0.000
Zinc 1.48 + 0.14 1.33 £ 0.15 0.000
Vitamin A 1.22 £ 0.37 1.22 £ 0.29 NS
Thiamin (MgQ) 1.27 £ 0.21 1.32 £ 0.23 NS
Riboflavin (Mmg) 1.09 = 0.29 122 £ 0.16 0.007
Vitamin B, 1.71 £ 0.26 1.63 = 0.31 NS
Niacin 1.48 £ 0.27 1.53 £ 0.31 NS
Vitamin C 0.74 £ 0.24 0.73 £ 0.25 NS
Folic acid 0.66 £ 0.16 0.62 £ 0.17 NS
1) Nutrient Adequacy Ratio (NAR)
2) Mean = SD

3) Mean Adequacy Rafio (MAR)
4) Index of Nutrition Quality (INQ)
NS: Not significant
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Table 6. Evaluation of diet quality by the BMI group

BMI group
Z-score < -1 -1 < Zscore <0 0 < Zscore <1 Z-score > 1
NARY
Protein 1.43 £ 0.382 + 0.37 1.38 + 0.42 1.62 £ 0.49
Calcium 0.58 £ 0.14 0.57 £ 0.14 0.56 = 0.17 0.52 £ 0.13
Phosphorus 0.86 £ 0.16 0.88 £ 0.18 0.86 = 0.19 0.93 + 0.22
Iron 0.78 £ 0.15 0.76 £ 0.21 0.77 £ 0.19 0.79 £ 0.24
Zinc 0.96 £ 0.21 + 0.20 099 £ 0.24 1.06 £ 0.26
Vitamin A 0.86 £ 0.25 0.88 £ 0.28 0.89 £ 0.36 0.86 £ 0.54
Thiamin (mg) 1.00 £ 0.20 0.97 £ 0.27 0.83 £ 0.22 1.04 £ 0.29
Riboflavin (Mg) 0.87 £ 0.17 0.87 £ 0.24 0.78 £ 0.26 0.86 = 0.30
Vitamin B, 1.17 £ 0.24 1.24 £ 0.32 1.10 £ 0.34 1.36 £ 0.41
Niacin 1.07 £ 0.27 1.183 £ 0.35 0.98 + 0.35 1.24 £ 0.32
Vitamin C 052 £ 0.16 054 £ 0.18 0.48 £ 0.17 054 £ 0.24
Folic acid 0.47 £ 0.13 0.46 £ 0.14 0.46 £ 0.19 0.50 = 0.19
MAR? 0.81 £ 0.09 0.80 £ 0.11 0.77 £ 0.15 0.81 £ 0.11
INQ”
Protein 2.03 + 0.38 2.02 £ 0.25 1.97 £ 0.28 2.08 £ 0.21
Calcium 0.87 £ 0.16 0.80 £ 0.19 0.81 = 0.18 0.68 £ 0.15
Phosphorus 1.24 £ 0.18 1.21 £0.18 1.256 £ 0.15 1.22 £ 017
Iron 1.12 £ 0.24 1.06 £ 0.26 1.13 £ 0.23 1.04 £ 0.27
Zinc 1.37 £ 0.18 1.39 £ 0.18 1.43 £ 0.11 1.39 £ 0.19
Vitamin A 1.25 £ 0.41 1.20 £ 0.31 1.29 £ 0.38 1.13 £ 0.22
Thiamin (Mg) 1.43 £ 0.11° 1.32 + 0.23%® 1.20 £ 0.16° 1.36 £ 0.28%
Riboflavin (Mg) 1.25 £ 0.21 1.19 £ 0.24 1.11 £ 023 1.10 £ 0.25
Vitamin B, 1.68 £ 0.27 1.69 £ 0.29 1.568 £ 0.28 1.77 £ 0.31
Niacin 1.52 £ 0.27 1.53 £ 0.31 1.41 £ 0.29 1.62 £ 0.19
Vitamin C 0.76 £ 0.24 0.76 £ 0.25 0.70 £ 0.21 0.71 £ 0.28
Folic acid 0.69 £ 0.23 0.63 £ 0.16 0.65 = 0.18 0.64 £ 0.14

1) Nutrient adequacy ratio (NAR)
2) Mean = SD

3) Mean adequacy ratio (MAR)
4) Index of Nutrition Quality (INQ)

ab: Values with different superscript letters within a row are significantly different based on one-way ANOVA followed by Tukey's post

hoc test
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5. Backward elimination®]l 23t Ct 53| 24

7] sEolHole] WA} HE Q1S
backward elimination®l] 2J3t tE3] 7S A
oJoki AF|Eke 77} o U#] A FH ek} o A =S U
ERf 2R 7} kA AFHS I 1,000 keald AHF=C
2 3kst AnE g3 Rl ARgEsith 4
1,000 kcal G QFSA 5oz shlgle ¢ v 4
W 2, A HER AL RS T, AR E A
sl5t A5 Alglstales 7 ki AFHTE 1] w2 4

9& wolAE RStk meb SN w2, 7
%, 4, vlekn A9 BAAFT SArE sk 1

Az} BMIS} o}l id# 7= BUASH oF2) JaatAl S et
WA chl gp wleR] AS] AFH RS 5] A
t}(Table 8, Model 1). Backward elimination®l] <]
AA7Ee] FTE 0.10019 .= HlER] Aol ¥
94 0.067=2 P < 0.05 ol 23t dup= o
Hslow Soldids Bl Ay =7kl sk A4 2
retinolo] Wjel] A & WX = A7A A e
vl 912 = 2 (Promislow & 2002; Mata—Granados &

2010), ¥ A7 A% retinol#e] S 2418H7] 218k
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Table 7. Anthropometric and dietary quality of the girls by menstrual status

After menarche Before menarche p-value
N (%) 6(12.2) 43 (87.8)
Age (y) 11.78 £ 0.43" 11.24 £ 0.64 0.049
Weight (kg) 50.65 £+ 9.48 38.82 + 8.40 0.003
Height (cm) 154.32 + 4.79 143.22 + 6.85 0.000
BUA 85.35 £ 6.41 72,90 = 8.61 0.001
NAR?
Protein 1.03 =+ 0.25 1.09 £ 0.20 NS
Calcium 0.54 £ 0.11 0.56 £ 0.12 NS
Phosphorus 0.82 £ 0.17 0.86 £ 0.15 NS
Iron 0.71 £ 0.18 0.72 £ 0.17 NS
Zinc 087 £ 0.18 0.92 £ 0.13 NS
Vitamin A 0.83 £ 0.20 0.84 = 0.18 NS
Thiamin (mg) 0.77 £ 0.19 090 + 0.12 0.026
Riboflavin (mg) 073 £ 0.18 0.88 £ 0.14 0.024
Vitamin B, 0.84 + 0.22 097 £ 0.11 0.015
Niacin 0.79 £ 0.23 0.94 £ 0.11 0.011
Vitamin C 0.52 £ 0.28 054 + 0.18 NS
Folic acid 0.38 £ 0.19 047 £ 0.14 NS
MAR? 0.74 £ 0.17 0.81 £ 0.10 NS
1) Mean £ SD

2) Nutrient adequacy ratio (NAR)
3) Mean adequacy ratio (MAR)
NS: Not significant

Table 8. Summary of multiple regression model fit by backward elimination” for z-score of BUA as a dependant variable

Unstandardized Standardized

coefficient Standard error coefficient 8 1 Significance R?
Model 1 with vitamin A 0.289
Constant -0.770 1.106 - -0.696 0.489
BMI 0.264 0.104 0.289 2.530 0.014
Protein -0.070 0.035 -0.322 -2.038 0.046
Zinc 0.866 0.296 0.485 2.928 0.005
Vit A -0.002 0.001 -0.227 -1.864 0.067
Model 2 with retinol 0.223
Constant -0.930 1.125 - -0.827 0.411
BMI 0.299 0.105 0.327 2.851 0.006
Protein -0.062 0.035 -0.281 -1.762 0.083
Zinc 0.681 0.284 0.382 2.398 0.019
Model 3 with beta-carotene 0.288
Constant -1.859 1.145 - -1.623 0.110
BMI 0.275 0.107 0.301 2.581 0.012
Calcium 0.003 0.002 0.277 1.5623 0.100
Phosphorous -0.006 0.003 -0.459 -2.137 0.039
Zinc 0.845 0.277 0.474 3.054 0.003
Vit E 0.101 0.059 0.252 1.731 0.089
Beta-carotene 0.000 0.000 -0.302 -2.034 0.046

1) Significant level for stay (SLS) was 0.10
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