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Impact of milk and egg supplementation on body composition and bone mineral density of
rural primary school students in Yunnan Province
ZHANG Yan", ZHANG Wenhin, GONG Weiyan, SONG Chao, ZHOU Ying, DING Caicui,
YUAN Fan, CHEN Zheng, QIU Yujie, LIU Ailing
* National Institute for Nutrition and Health, Chinese Center for Disease Control and Prevention, Beijing 100050, China

[Abstract] Objective To investigate the impact of milk and egg supplementation on body composition and bone mineral density
of rural primary school students in Yunnan Province, so as to provide a reference for developing targeted nutritional intervention
strategies. Methods In December 2023, a cluster sampling method was adopted to select students from grades one to three in four
primary schools each from Jinggu and Shidian countys of Yunnan Province, as the intervention group (662 students) . Additionally,
two boarding primary schools were selected from each county based on the principle of matching scale and student numbers as the
control group (455 students) . Starting from April 2023, the intervention group received 200 mL milk and 50 g eggs during the break
on school days for 8 months, while the control group maintained their usual diet behavior. Body composition was measured by using
bioelectrical impedance analysis, and distal radial bone mineral density was assessed via dual-energy X-ray absorptiometry in April
and December 2023. The intervention effects were analyzed by using a difference-in-differences approach. Results The final meas-
urements of body fat percentage, skeletal muscle mass and fat-free mass of the intervention group and the control group of primary
school students were significantly higher than the baseline values, and the net effect of milk and egg intervention on these body com-
position indicators was not statistically significant ( P>0.05, both before and after adjustment) . In contrast, bone mineral density in-
creased significantly by 0.02 g/cm” in the intervention group. The net intervention effect on bone mineral density was statistically
significant (8=0.02, 95%CI=0.00-0.04), and remained significant after model adjustment (8=0.02, 95%CI=0.00-0.04) (both
P<0.05) . Subgroup analysis showed statistically significant effects of the intervention among girls (8=0.02, 95%CI=0.00-0.04),
day students (8=0.04, 95%CI=0.01-0.07), and students with normal nutritional status (8=0.02, 95%CI=0.00-0.04) (all P<
0.05) . No significant effect of milk and egg supplementation was observed on body composition indicators (all P<0.05). Conclu-
sions Milk and egg supplementation can improve bone mineral density among rural primary school students in Yunnan Province. It
is recommended that rural school-aged children should increase intake of milk and eggs to support growth and development.
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Table 1 Comparison of body fat percentage changes and net effect of intervention among intervention group and control group in
different subgroups before and after intervention (x+s,% )
. THigH X B2 fli 2
bl bl " : ” ; .
NEC BZ 248 dE P AN A& 2 dfi P B (95%CH* B {H.(95%CI) *
PR 5 324 18.5+6.6 19.4+74 0.8 <0.01 243 183+7.1 19.8+¢8.1 1.5 <0.01 -0.64(-2.37~1.08) -0.84(-2.56~0.89)
& 338 19.2+5.7 20.8+¢6.2 1.6 <0.01 212 19.9+6.2 21.8+6.2 19 <0.01 -0.30(-1.77~1.17) -0.72(-2.21~0.78)
W/ % 6 84 18.1#6.1 19.0£6.6 0.8 0.03 43 17.3£5.2 185:64 1.2 0.0l -0.37(-3.62~2.89) -0.67(-3.93~2.59)
7 186 17.6x5.1 18.7¢59 1.1 <0.01 117 18.5+£6.8 19.9£7.6 14 <0.01 -0.24(-2.29~1.81) -0.76(-2.90~1.37)
8 215 19.2+¢6.3 20.2£7.1 09 <0.01 154 18.6£6.7 20.2+7.1 1.7 <0.01 -0.74(-2.74~1.26) -0.93(-2.94~1.08)
9~10 177 20.2+6.7 21.9+72 1.7 <0.01 141 20.6£6.9 22.6£74 2.0 <0.01 -0.23(-2.44~197) -0.63(-2.96~1.69)
Fine 9 2 532 19.155.0 197:65 0.6 <0.01 320 18.8:¢6.4 198:7.1 1.0 <0.01 -0.46(-1.72~0.81) —0.79(-2.06~0.47)
ik 130 18.1£6.0 21.8+7.8 3.7 <0.01 135 19.7¢#7.4 22.8+7.7 3.1 <0.01 0.61(-1.94~3.16) 0.77(-1.86~3.40)
FE NI ﬁ%f& 113 14948 153:44 03 037 71 14033 160:3.6 19 <0.01 -1.58(-3.36~0.20) —1.91(-3.69~-0.13)"
485 18.3x43 19.6£5.1 1.3 <0.01 327 17.9#42 19.4s5.1 1.5 <0.01 -0.23(-1.16~0.70) -0.39(-1.28~0.50)
ﬁiﬂmﬁ' 64  31.0£6.7 32.9+7.0 1.9 <0.01 57 322462 342+72 2.0 <0.01 -0.05(-3.51~3.41) -1.26(-4.78~2.26)
At 662  18.9+6.2 20.1+6.9 1.2 <0.01 455 19.1#6.7 20.7#7.4 1.7 <0.01 -0.45(-1.59~0.69) -0.75(-1.87~0.40)
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Table 2 Comparison of skeletal muscle mass changes and net effect of intervention among intervention group and control group in

different subgroups before and after intervention (x+s,kg)

| - g xR ik
- ; N B & daff P N0 BZ & 4 Pl BE(95%CT)* BAH(95%CI) *
P ] 324 9.9:2.0 10.8+22 09 <0.01 243 103+2.1 11.1¥22 0.8 <0.01 0.11(-0.39~0.62)  0.17(-0.27~0.60)
i@ 338 9.5:£1.9  104+22 0.9 <001 212  97+1.9 104£22 0.8 <0.01  0.17(-0.33~0.66)  0.06(-0.36~0.49)
ks % 6 84  8.1x1.1  88+12 07 <001 43  79+1.1 85:12 07 <0.01  0.04(-0.56~0.64)  0.02(-0.59~0.62)
7 186 8.7+1.4  9.4£15 08 <0.01 117 9.0£1.2 9.8:14 0.8 <0.01 -0.03(-0.48~0.42) —0.02(-0.49~0.45)
8 215 9.9:1.6 10.9£1.9 1.0 <0.01 154 10.1£2.0 10.9:22 0.8 <0.0l  0.20(-0.36~0.75)  0.20(-0.36~0.77)
9~10 177 112£2.0 123+22 L1 <0.01 141 11320 12122 09 <001  0.31(-0.34~0.97)  0.32(-0.37~1.01)
R Efﬁ 532 9.6£1.9 10.6+2.1 1.0 <0.01 320 9.7#2.0 10.5x22 0.8 <0.01  0.13(-0.27~0.53)  0.06(-0.28~0.41)
BT 130 10.1£2.2 108425 0.7 <0.01 135 10.7#2.0 11.3+22 0.6 <0.01  0.09(-0.68~0.85)  0.18(-0.48~0.84)
BFRM BFAE 113 8.1:1.1  89:13 08 <00l 71  86+1.3 9.1x13 0.6 <0.0l 0.28(-0.25~0.81)  0.36(-0.10~0.81)
FH 485  97+1.7  10.6£1.9 09 <001 327  99+17 107+1.9 0.8 <0.01  0.12(-0.23~0.47)  0.08(-0.19~0.35)
AR 64 12.1£2.5 13.4:29 13 <001 57 122428 133:3.0 1.1 <0.0l 0.21(-1.21~1.63) —0.05(-1.21~1.10)
A1t 662  9.7+2.0 10.6+2.2 09 <0.01 455 10.0£2.0 10.8+22 0.8 <0.01  0.14(-0.22~0.50)  0.10(-0.20~0.40)
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Table 3 Comparison of fat-free mass changes and net effect of intervention among intervention group and control group in
different subgroups before and after intervention(x+s,kg)
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- ; NEC HE & aff P N0 BZ & A Pl BE(95%CT)* BAH(95%CI) *

P51 5 324 20.1£3.4 21.7#3.8 1.6 <0.01 243 20.9+3.6 22.2+3.8 1.3 <0.01  0.24(-0.61~1.09) 0.33(-0.39~1.05)
& 338 19.5£3.2 21.1+3.7 1.6 <0.01 212 19.9+3.3 21.2+#3.8 1.3 <0.01 0.31(-0.53~1.15) 0.14(-0.57~0.85)

1Ek/ % 6 84 17.1£1.7 18.3+£2.0 1.2 <0.01 43 16.7£1.8 17.9£2.0 1.2 <0.01  0.08(-0.93~1.08) 0.03(-0.98~1.05)
7 186 18.1x2.3 19.4+25 1.4 <0.01 117 18.7£2.0 20.0£24 14 <0.01 -0.01(-0.77~0.75) 0.01(-0.77~0.80)
8 215 20.2+¢2.7 219432 1.7 <0.01 154 20.6+3.3 21.9+3.7 1.3 <0.01 0.35(-0.58~1.28) 0.36(-0.58~1.31)
9~10 177 223+3.3 243+3.7 19 <0.01 141 22.8+#33 24.1£37 1.3 <0.01 0.60(-0.50~1.70) 0.59(-0.56~1.75)

Ay 1 532 19.7+#3.2 21.3+3.6 1.7 <0.01 320 19.9+3.4 21.3+#38 14 <0.01 0.23(-0.45~0.91) 0.12(-0.45~0.70)
AR 130 20.5+#3.7 21.7+#43 12 <0.01 135 21.6+£3.4 22.6+3.7 1.0 <0.01 0.24(-1.05~1.53) 0.39(-0.70~1.49)

HFRB BRAR 113 17.2£1.9 18.7#22 1.5 <0.01 71 18.1£2.2 19.1£2.2 1.0 <0.01  0.48(-0.42~1.38) 0.61(-1.55~1.39)
EH 485 19.9+29 215432 1.5 <0.01 327 20.2£29 21.5+#32 13 <0.01  0.25(-0.36~0.85) 0.18(-0.27~0.63)
B A 64 237+4.1 259+4.8 2.2 <0.01 57 24.1+47 26.0+5.0 1.8 <0.01 0.37(-2.01~2.76) -0.06(-2.01~1.88)

A1t 662 19.8+3.3 21.4+3.7 1.6 <0.01 455 20.4+3.5 21.7#3.8 1.3 <0.01  0.28(-0.33~0.88) 0.21(-0.30~0.71)
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Table 4 Comparison of bone mineral density changes and net effect of intervention among intervention group and control group in
different subgroups before and after intervention (x#s,g/cm”)
13 ST T JapEEil (EE=S
' MEC % s dfi P ABC R AW A PI BREGOSWCD (9%
P51 5 324 0.42£0.11 0.43+0.11 0.02 <0.01 243 0.43+0.10 0.43+0.09 0.00 0.95 0.02(-0.01~0.04) 0.02(-0.01~0.04)
'S 338 0.38+0.09 0.39+0.10 0.02 <0.01 212 0.38+0.10 0.37+0.09 -0.01 0.12 0.02(0.00~0.05)* 0.02(0.00~0.04)*
i % 6 84 0.36+0.01 0.38+0.10 0.03  0.01 43 0.33+0.08 0.35+0.07 0.02 0.10 0.01(-0.04~0.05) 0.01(-0.03~0.05)
7 186 0.38+0.09 0.40+0.10 0.03 <0.01 117 0.38+0.08 0.40+0.08 0.02 0.04 0.01(-0.02~0.04) 0.01(-0.01~0.04)
8 215 0.40£0.10 0.41£0.10 0.01 045 154 0.41+0.11 0.40+0.10 -0.01 0.38 0.01(-0.02~0.04) 0.01(-0.01~0.03)
9~10 177 0.44:0.11 0.45+0.11 0.01 0.24 141 0.44+0.10 0.42+0.10 -0.03 <0.01 0.03(0.00~0.07)* 0.03(0.00~0.06)
pinEy W i 532 0.39:0.10 0.41:0.11 0.01 <0.01 320 0.39+0.10 0.39:0.09 0.00 0.86  0.01(-0.01~0.03)  0.01(=0.01~0.03)
FEL 130 0.41+0.10 0.43+0.09 0.03 <0.01 135 0.43+0.10 0.42+0.08 -0.02 0.06 0.04(0.01~0.07)* 0.04(0.01~0.07)*
FEERINVA BREAE 113 0.3320.07 0.36+0.09 0.03  0.01 71 0.34+0.07 0.36+0.09 0.02 0.11 0.00(-0.03~0.04) 0.01(-0.02~0.05)
E® 485 0.39£0.09 0.41£0.10 0.02 <0.01 327 0.40+0.09 0.40+0.09 -0.00 0.74 0.02(0.00~0.04)* 0.02(0.00~0.04) *
R 64 0.53+0.12 0.51+0.11 -0.02 0.42 57 0.52+0.12 0.47+0.10 -0.04 0.03 0.03(-0.03~0.08) 0.03(-0.02~0.09)
Ail 662 0.40+0.10 0.41+0.10 0.02 <0.01 455 0.40+0.09 0.40+0.10 -0.00 0.35 0.02(0.00~0.04)* 0.02(0.00~0.04)*
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