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Association between beverage and snack intake and vitamin D insufficiency among primary and
secondary school students in Yunnan Province
ZHANG Lifang, CHANG Litao, AN Weiwei, HUANG Dafeng, LIU Chunyan, LEI Yuanting, HUANG Xin
School Health Institute, Yunnan Provincial Center for Disease Conirol and Prevention, Kunming 650500, Yunan Province, China
[Abstract] Objective To understand the association between beverage and snack intake and insufficient serum 25 hydroxyvita-
min D [ 25( OH) D] among primary and secondary school students, so as to provide a scientific basis for targeted intervention meas-
ures. Methods From October to December 2021, a stratified random sampling method was used to select 2 477 primary and sec-
ondary school students aged 8 to 15 years old from 9 counties in Yunnan Province implemented the Nutrition Improvement Plan for
Rural Compulsory Education Students. The intake of beverages and snacks was investigated using the Rural Student Nutrition Moni-
toring Questionnaire from Chinese Center for Disease Control and Prevention. The snack intake intensity was calculated and classi-
fied into no intake, extremely low, low, medium, and high intensity. Serum 25( OH) D levels were measured in the laboratory, and
levels <20 ng/mL were defined as insufficient. Chi-square tests, LASSO regression, random forest and binary Logistic regression
were used to analyze the association between 20 types of beverages and snacks and serum 25( OH) D insufficiency. Results Insuffi-
cient serum 25( OH) D was detected in 564 boys (45.9%) and 855 girls (68.5%) , with a total of 1 419 cases (57.3%) . Binary Lo-
gistic regression results showed that extremely low intake intensity of carbonated beverages (OR=1.51), plant protein beverages
(OR=1.61), and milk tea beverages (OR=1.39) increased the risk of insufficient serum 25( OH) D, while protective factors were
fruits and vegetables (OR=0.77) and pure milk and yogurt (OR=0.74) (all P<0.05). Subgroup analysis showed that extremely low
intake intensity of carbonated beverages, milk-containing beverages, tea beverages, fruit and vegetable juices, and plant protein
beverages increased the risk of insufficient serum 25( OH) D in girls (OR=2.22, 1.72, 1.67, 1.74, 1.92), and high intake intensi-
ty increased the risk of insufficient serum 25( OH) D in boys (OR=1.73, 1.48, 1.52, 1.49, 1.97) (all P<0.05). Extremely low in-
take intensity of carbonated beverages, plant protein beverages, and milk tea beverages in junior high school students (OR=1.92,
2.54, 1.68) and low intake intensity in primary school students (OR=1.40, 1.33, 1.45) increased the risk of insufficient serum

25(OH) D (all P<0.05). Conclusions Frequent intake of beverages and highly processed snacks increases the risk of insufficient
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serum 25( OH) D in primary and secondary school students, while natural foods such as fruits, vegetables, pure milk and yogurt can

reduce the risk. Girls and junior high school students are more susceptible to these effects.

[Keywords] Beverages; Food; Feeding behavior; Vitamin D deficiency; Regression analysis; Students

Mg 25 H4e4=% D[ 25(0H) D | 2455 75 |
AR E T RE A S HEE SR R, X Ak TR A K
R DA BB AR, A Bon R E 0~
18 % JL#E # /0 4F 25(OH) D A R 3K 5] 52.749%
ZEA TN 25(0H) D AR #IEF] 55% LA F K
B E5 R 3 78 T BUE BEOBL ( sugar-sweetened beverage
SSB) AN T2 & ARG, K b B R 16 55 il 43 ]
RETHE 25(OH) D AR, ARWFstE S = A
PN LS5 3E 2R A R G TR I b X 20 JE ROk}
MEEEASE S 25(0H) D A & 1 8k, Hy ikl &
XoP T A Rt B S AR A

1 WHREFZE

L1 xr % SRHSZBENUANE T2, T 2021 4F 10—
12 A ik amE FmE S5l vRER AR
POE TENIX B ot Rl A ot B SR I &k A
B ELA IR A BT £ 3B 1 BT /N2 RN 1 firge) v, 3
36 FTeFAe R B W 1 1 HIUNE =R R L
b BRI 20 N, HEBRAEK A FIRE E
FEAN R I HA N PR s, R it Al [l ]
2 536 N, HEBRSCHEAE BB 59 N B A 2 477 %
v N R AR 1229 &4, Lotk 1 248 44 /N
141324, W1 A 1 064 24 % 8~ 15 %, P34k
(11.87+2.12) %, BFE L4 B0 TR 1 i o0 78 77
55 {d B B 40 B 25 51 4 o Al o (R LS, 2021 -
018) , Wit A R A= ¥ 1E Rl &
1.2 AEFE  RILAT 24 h SERIZLE), 12 h 2%
2,5 min i, RERESEEIKM S mL 24,1 h
W SE LB D VRAE , B 02K 42 30 em, #3# 3 000 t/min,
B0 15 min, #E 20 min, AR R O G
P FRREG SR P SRR € 3 A I T R A N a3
25(OH)D /K (ng/mL) , ZH(ARELEER D 5=
A 7 ) (WS/T 667—2020) 10 347 30 22, LA I i
25( OH) DI JF <20 ng/mL H5E AR,

el Y e D T 4 i e O i E 1R AR LS5
T AR AR W A 2 T ke A A 8
FERRHA 12 EE AR ARG LT R A AR
Cronbach o Z %K 0.89, KMO {7 0.94, {5 AU B #%
U, PRI B B U A AT A, 2 SRR B R A
FHROT B ZEERARGO(0=7,1=/&) HBA
PR O=MAN, 1=52 R R E 1R, 2=HF1~2
W3=FH3~4 R, 4=B=5K)., FLIHEE
BEAGRSE = B ERAURIE B ASR T EHRA
SREEST A 0=ToREA 1 = AR (BF 2 I &L 1K),

2=R(BH 1~2 ) 3= (B 3~4 1K) 4= (5
Jil=5 W), 8 FEUkL. fil e B L R K (R L SR ik
K, ATER EEE JRIR TROK SRR R TRORE (BR R TICEL) |
FARL R R 3L A & FLUORE (S FLRoRL) |, ke gt Bk
B RAMEIRFRR (CROR) | g 2 SR AR R
BRI CRE CGRERTHIRRL) |, G238 A58 b 82
YRR FVPORL) |, 05255 (W52 Ok |, ihifd iy
ZREk e Crp e ) o 12 B SRR BN K
REE(CRBGZ) e RN TR R (R ) iR
5 VCER SRS (A, T M w1 2
(THEmZE) P A (PR ) | BAS 55 TH
ANVED T (BRORAFETH ] A 28 ) BER 19 v ) A (CRESR T 58
J12) R A A AR CRIGZE) AR kiR
RSN (RERSS) DT RRE R ER
(2 B4R R s, ke VKRS (B IRZE) . B
AF AL EPE R | 2 B ARSI RR B R A AR BE R
FERIIE] 1 AN Sl i ) K5 B | IR B S iR
NS EBAE B B AR

1.3 RE#EH RERERZEZMEEHNGE—
FE ALY, XF 2 5 A pY 248 W AT — ka5,
R o R R T R ) B3 AT IR AR A IR e
5%[n) & AT TR

1.4 %t 54 ] SPSS 16.0 Fil R 4.4.3 #{Fuk
FPBAE AT, 43 2748 8 AT B 43 F 36 s (i FH X
K 56 FE A TR 20 3] /N2 AR L 25 (OH) D AS R
FH LASSO [1J= F Rl AL AR PR 7 3k 47 2 228 A48 dt HE e i
e ; R AR E il Ty 22 WK N - (VIF<3) , 25 2% (toler-
ance>0.6) WIIANTEAE 2 E AL PES L 8 FhPCRIAN 12
PP 125 f 15 Wi, LASSO [81 940 5 7 1 o B A%
i, 28 SR UF B R AT S48, coef 27 LASSO [H] 14
FB0, A X (B , A0 3 07 AR 1 o A 7R 5 ik i
XA A AR B EAT T Logistic [R] 7 Bl g 45543
MR S0 5 2R, 3 0 43 )2 LU Ak 53 2 B 3% 3
ACARE W2 AT, BT AT [0 0 49 42 il B0 TR A0 A A7
Guiter R U PR & KA T 43 AR B A S TR
FLABREUAS G i S R i, DL P<0.05 NG

2 #R

2.1 FREAH FIFA MK 25(0H)D REF i
M35 25 (OH) D A & AR K 2l 57.3% (1 419/
2477) , Hh B A (45.9% ) K T4 (68.5%) 5/t
(54.29) K F 224 (61.4%) , T B ACHESCib
FREEE TR E SR AR W A i /N4 25 (OH) D



PR 2R T A 2025 4F 12 B4 46 55 12 3] Chin J Sch Health, December 2025, Vol.46, No.12

- 1703 -

AN Y RIE S A Gt 2R T S BRR OB 5 FLAK
B YR SRE T UORE R E A PORE DR OB
2RI CRIEF R WA EE 25(0H) D A2
Kt R 22 S A G228 (P (3<0.05) . W& 1,

1 OREYLH R /ANFEA LTS 25(0H) D AN A H K L

Table 1 Comparison of the rate of serum 25(0OH)D
in sufficiency between different groups
25(0H)D ]
ik ol ¥ 2

33 I N4 RIS X2 PIE

el % 1229 564(45.9) 129.25  <0.01
T 1248 855(68.5)

B N 1413 766(54.2) 54.07  <0.01
B 1 064 653(61.4)

SRR & 666 357(53.6) 505 0.03
K & 1811 1062(58.6)

BEE SRR P 659 347(52.7) 7.87  <0.01
R 7 1818 1072(59.0)

HEZHERS 2 540 331(61.3) 454 0.03
=3 K i 1937 1 088(56.2)

TRAR TR} & 1739 1025(58.9) 6.53  0.01
H 738 394(53.4)

EEike P 1817 1076(59.2) 10.40  <0.01
7 660 343(52.0)

FRRE & 1 654 986(59.6) 11.01  <0.01
o 823 433(52.6)

gt ort B 1738 1028(59.1) 8.25 <0.01
Fa 739 391(52.9)

ikl e pos 1361 838(61.6) 22,67  <0.01
& 1116 581(52.1)

WA RE 2 1552 932(60.1) 1298  <0.01
& 925 487(52.6)

IS & 777 491(63.2) 16.13  <0.01
7 1700 928(54.6)

REMEEE P 575 355(61.7) 6.07 0.0l
o 1902 1.064(55.9)

O WECF IR R % AU A GE 2 T R

2.2 LASSO =3 Ae BEAUAR AR & i 3 P s 5 2 7 25
(OH)D REEZEF ¥ 12 N IEFRLULE : co-
ef y. = 0.895 , coef iy = 0.222 , coef sy oy = —0.026, co-
Spsscpmn = 0- 080, coefyypqy = 0. 057, coefyppae =
=0.03, coefuprmmmxze = =0.031, coef g = 0.01, co-
& i = 0-046,, coef iy, = 0.003 , coef puperyizny = 0083,
coef oz = 0.011 o FENLARARIT 1k HE 4T 45 722 H %] 0
1M 3% 25(OH) D A& MY ZEPEHRRY , 45 R o, T Y
R MR, OO MY E A ORE 28 0B 22 B R
BT PO BB A W IR T WIZR UORE B 26 A
R,
23 PAFAZEREHUHBRRABEANEES 25
(OH)D R E # =7 Logistic ®1)2 547 LI /K XU
A TARN" VNS A, A N I 25(OH) D
ARO=T7,1=J2) , 4> Logistic Bl 455 4438 i 75
R T (VIF<S) Bl AE Z B A2t SRy
MELH I AT SRR ] o B SRR SO AR BE | AN B
pIE] AR R AR ERA

SMASI T 7 AH H TE B A2, Bk R TRORL (OR =
1.51) M EEE (OR=1.61) WAk (OR =
1.39) AR AR BE W HE A1 25 (OH) D A J2 & A KUK 5

RERHIRE (OR=1.30,95%CI=1.05~1.62) A<k
(OR=1.31,95%CI = 1.06 ~ 1.62) fi 45 A 3 J£ 7] 54
25(OH) DA K A AU 5 B SR R K (OR =1.41,95%
CI=1.01~1.99) \ &FFLIXEH(OR=1.37,95%CI=1.05~
1.81) E AR A 25 (OH) D AS 2 & A2 XU 5 SR
HRFE AT (OR=0.77,95%CI=0.62~0.96)
MEi AR R Z B i AR E (OR=0.74,95%CI =
0.57~0.95) AT A 25( OH) D A& & A2 KU (P (E <
0.05) .

NS e B ST YN I el =B NG Y- 2 S
LA 25(0H) D AR AR (OR=0.58) , 44
TR R R ASREERFIR S A= (OR=0.63) /N2
BBt (OR=0.52) BRI A EImH (OR=0.41)
M2 AR LTS 25(OH) D AN 2 & AR XU (P {E39<0.05)
TRIRYCRE & LR A8 POk SR B OB A B
ORI AR A 38 B2 34 T3 i 2 A4 1L 25 (OH) D A 2
KA 5 DA OBk R B 5 R 2 1 BB A i v
25(OH) DA & A KR (P {E349<0.05) . BRERIK AL,
T FVUORE WA OB AR 8 A5 B2 24 T 38 fin ) vh
AEIMTE 25(OH) D AR & A2 U 5 DL B ARORMIGH8E A i
FE 2N/ A LT 25 (OH) D A JE & AR XU (P
{E3<0.05) , BEE SCACRE B AR 2 i R 244 21K
AErH R A AR A 230 25 (OH) D AN R & A2 R
B, W2,

3 itig

M7 25( OH) D K5 LT /DA 1Y B U ft B 2%
YIAHSE ¥ S B B8R e O I A0 7 AR O B A
ST AR 8~ 15 % HhUN AR LT 25
(OH)D BAAR R A 57.3%, 5 HABHF 57 245 5 A
L Lo R R SRt e, Lk R R S g g
s B3, $27R8 25(OH) D A R 15 L & D 4E
PR A7 AR, SSB R AN T 26 nl figam i+ 45 %
W SRR HE R RN T R ORE O Sk A Sk
IM3% 25(0H) D R A% | SSB A4 45 A v fiE
BARFLHRS SR & 25(0H) D R, m s E ] it
EEURME B, D IEE S 25 (0H) D RIEE Y1
BN PR B R A

SRR N SSB 5 in T2 £ B4R 5 A 2 4
T NEAR L 25 (OH) D AR XU, 1 R IR B2k
T (AN LhFL G2 ) W) S AR . AR R IR
B ZRUORE A OB WA OB AR SSB I FE ALY
ALHEMIMLYE 25 (OH) D A & XU, b [ RO & 4R
B (2022) ) FHEISUARE A B RS IO A9 $6 A e o AN i ik
25 g, ML JLSECRHR fe 2 X A OoRE K31
BT & 06 5 ARG Qg S e | 5 24 i xit
25(OH) D [ RGN, L7 25( OH) D K FREAR



- 1704 - FR AR AR 2025 4F 12 A5 46 %55 12 ] Chin J Sch Health, December 2025, Vol.46,No.12

SSB 53 AT HE T4t 25 (OH ) D AR, Bk etk i 3=
TR RME EORMEI I SRS B DR, 2
JFFRR i AE M S5 R AE s BRIR UORHRIZS YOk b ) B R 5
A T TEAES WS iV T, D8 SR s A8 R B A s 1
IR AR T O X LA s A R 1 RORE R 5 A TR

JIT S BN 05 A R SR e , A 1 T 90 I 0 5 B 3 TR
FES A TA]42E 0 3 1003 25 (OH) D 20 fi ARt 25 ik
by e R R TR A 2 S 1 W, 3k 22 T R
5 25(OH) D, HABBLH ¥4 175 25T

FK2 HUNEEREZEEBAE 545 R D A B LI Logistic [BIJA5047[ OR {H.(95%CI)

Table 2 Togistic regression analysis of association between insufficient 25( OH) D and intaking intensity of beverages and snacks

assessed among primary and secondary school students[ OR(95%CI) ]
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AR A% 1.20(0.79~1.82) 1.68(1.05~2.78) * 1.20(0.80~1.80) 1.68(1.02~2.79) * 1.26(0.88~1.82) 1.92(1.05~3.62) *
i 1.09(0.81~1.47) 2.02(1.47~2.80) ** 145(1.10~1.91) ™ 1.36(0.97~1.91) 1.35(1.05~1.74) * 1.76(1.18~2.64) **

H 1.15(0.81~1.62) 1.37(0.96~1.98) 1.05(0.75~1.48) 1.53(1.05~2.25) * 1.41(1.04~1.90) * 0.93(0.58~1.48)

[ 1.29(0.90~1.87) 1.14(0.77~1.69) 1.02(0.71~1.45) 1.58(1.04~2.43) * 1.24(0.90~1.70) 1.18(0.69~2.02)

i *P<0.05, " * P<0.01; AR LITIRA NS,
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