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Abstract

Objective: Vitamin D deficiency is a global public health issue. Understanding the Vitamin D levels
and nutritional status of children is beneficial for their current health as well as their health in adult-
hood. Methods: Serum vitamin D levels were measured using liquid chromatography-tandem mass
spectrometry (LC-MS/MS) in children visiting the Second Maternal and Child Health Hospital of Hui-
zhou City between September 2022 and December 2024. Comparative analyses were conducted to
assess vitamin D levels and nutritional status across different age groups, sexes, seasons, clinical
diagnoses (symptoms), and future hospitalization status. Results: The serum 25(0H)D level in 3719
children was 69.0 (51.25, 92.25) nmol/L, with a vitamin D deficiency and insufficiency rate of 22.5%.
There was no statistically significant difference in 25(OH)D levels and nutritional status between
boys and girls. The 25(0H)D levels were higher in summer and autumn compared to spring and
winter. The 25(0OH)D levels were lower than the control group (children undergoing physical exam-
inations during the same period) and showed statistically significant differences in clinical diagno-
ses including short stature, tic disorder, activity and attention disorders, growth retardation, child-
hood emotional disorders, and attention deficit hyperactivity disorder (ADHD). The vitamin D nu-
tritional status was lower than that of the control group and showed statistically significant differ-
ences in children with activity and attention disorders, SMA, precocious puberty, speech and lan-
guage developmental disorders, and ADHD. Children with suspected allergic diseases had signifi-
cantly lower vitamin D levels and poorer nutritional status compared to those with negative aller-
gen-specific IgE test results. Vitamin D levels and nutritional status are unrelated to future hospi-
talization. Conclusion: Children have vitamin D deficiencies and deficiencies at different ages and
seasons. Vitamin D deficiencies are related to a variety of diseases, prompting parents to pay close
attention and supplement rationally.
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2. NREHE
2.1. WK

2022 4F 9 H~2024 4F 12 A 75BN 15 A4 RAE BT 2 3T 25-(OH)D AKFAEIT) 3719 44 JLE
VE N TN G 53.4% (1986/3719) N MR JLEE, 30.5% (1136/3719) NASHIGRIZKICIER), HAhiZHr
07 16.1% (597/3719)s GUNFRE: WA 0~15 B )L . HEERFRUHE: >15 SHENE . 2RI 6 s g4 4
FACERVE FEG OLHAT AT (FE WL 1) AW FLZ e 4 B2 40 B 23 I > k(1 225 . HZEFY-LL-2023092-
KS202306-001).

O~1 %44 (542%4)
21~24 4 (64643)
22 ~3% 41 (3714%)
R SH < >3~6 %41 (928%4)
26~10% 4l (86541)
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Figure 1. Sample extraction flowchart
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2.2, WMFGFE

1) RAEFHKIM 3 ml, 2h P58 L7 - B -80° CUKMRAE . RABGRAE BT A3 BUMIE o H brdi 4 &
A%, R FHVRORE € 8 5 JE S5 3% (APT 3200MD, AB Sciex, USA)4 B 3Ek Ml B AR 4E A2 254> 1R A bRk S
(ST, kA= AR I ] 57 25 A B e T AR LU T AR I8 v v ek 4 2R 3R

2) IR 1gE AR A G BRI A T RS DU (AT i X TR AE ) BE R TAE A PR A D)o AR I3
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WA B 10 TIOSE A B0, WL FRL IR, 8 65, R, TR, EEHMEWIRAME 28
WOSE A B AW SRR BR B ERf . BUR. TR L PR R, R, R
MERIE . ERE FW. BEAS. WA BABI A, Sm . U JeiR/E L JEE,
WL REE. D HE).

2.3. FETERE

get R D EIRIRMHIE R 25-(OH)D /K F[5]. IfLiE 25-(OH)D I& B B 1) 5E #2418 & R LR kA7
8 2016 F4AFRE TR B H IR 6], BI MLIE 25-(OH)D <30 nmol/L A4EE 2 D # =, 30~50 nmol/L
NYEERED AL, >50 nmol/L MINIEH .

2.4. Gt oA

KH SPSS 25.0 HHATEE 40T, 1 E BRI Kolmogorov-Smirnov test 1E 2 PEAS I K I BHE AT &
EES A, SCRRAAESEURK, LA M (P25, P75)Row, FHA 4L b Bk Fl Mann-Whitney U 165, %
2H[8] Ff} Kruskal-Wallis #6536, #H2<PE MK Spearman A5G, 5% Rl ABIERN T 20 R FKw, KH 2K
AT LU . SR R AHOG R 30 R R 2 B 5 4E4E 3 D B FRROLINA M. FrE it irid e
P<<0.05 {EAZFA Gt LR R .

3. 58
3.1. FNEFE#E 25(OH)D KEREER D EFRR

3719 4 )L If17E 25(0OH)D 7K FA4 69.0 (51.25, 92.25) nmol/L. 0~1 %41 )L # MiLi 25(0H)D 7KV #x e
4 100.25 (78.94, 119.31) nmol/L, >10~15 % ZH 113 25(0OH)D /K& A 50.5 (39.5, 65) nmol/L. H.FHZHE4E
W, Mg 25(0H)D KCF = R BEBHBLE 1), 58t EoR, FERX 25(0H)D /K50
AEG F 2E57(b =—0.38, 1= 123.748, P < 0.001). 44 %K D SR Z FIA B FN 22.5%, 6 H4EEFR D=
A LR35 G FHI 5.2% 5.1% 7.5% 24.9%. 39.2%F1 48.0%, >10~15 LHL4EE R D BhZFIA L
BN, HBE A RS G INA S S, 44 3 D B2 AU 2 ] BB RS SR AR DG (-=0.366, P<0.001).

Table 1. 25(OH)D levels and vitamin D nutritional status in Children aged 0~15 years
# 1.0~15 L& 25(0M)D KFREE R D EFFRR

" . 25(0OH)D i K D EFRI (%))
[M (P25, P75), nmol/L] fAEEDAE  HAERDEHRZ  4AEEDIER
0~1 41 542 100.25 (78.94, 119.31) 22 (4.1) 6(1.1) 514 (94.8)
>1~2 %A 646 91.38 (73.69, 110) 30 (4.6) 3(0.5) 613 (94.9)
>2-3 4 371 78.75 (64.25, 99.75) 25 (6.7) 3(0.8) 343 (92.5)
>3-6 G4 928 62.75 (49.75, 79) 211 (22.7) 20 (2.2) 697 (75.1)
>6~10 % 2 865 55(43.5, 67.75) 315 (36.4) 24 (2.8) 526 (60.8)
>10~15 S 367 50.5 (39.5, 65) 154 (42.0) 22 (6.0) 191 (52.0)
Z/;(2 {8 1207.112 540.716
P1iE <0.001 <0.001

3.2. FEES] 25(0H)D KERHEEE D EFRR
3719 & )LEH, BE & 61.5%(2289/3719), L 4 38.5% (1430/3719) 5 L& 1M 25(OH)D 7KF 451
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N 68.25 (51.25, 90.25) nmol/L. 70.0 (51.25, 95.25) nmol/L, %% # Ifi& 25(0H)D /K F-EF LG T2 X
(Z=1.605, P=0.109). F5E L HEHR = FIA LR SRR 22.6%F 22.2%, WAHALR I FZER(P =1.736,P=
0.420).

3.3. NEZEY 25(0H)D KERHEEER D EFRR

FH KGR 25(0H)D 7KV 4L 2 D EFRROLTE LR 2. ANFEZETT 25(0H)D KA W& 2 7
(Z=29.588, P < 0.001), BAARINKERS, HIKNEZ ., 4%, FERK. 5FZ 25(0H)D /K44
b, B, MEHLGHHEREZ=-4309, P<0.001; Z=-4.923, P<0.001). AFEZE4EER D E RN
ERA G ¥ ER(Z2=30.789, P<0.001), 4i4FK D EFRRNEFRME, SEFEML, HF. LFHE4ER
D EIRA Gl 2R (4 =23.268, P<0.001; 2= 12.141, P < 0.001).

Table 2. Children’s 25(OH)D levels and vitamin D nutritional status in different seasons
2. FEIZETILE 25(0H)D KL RHEEE D EFHFKA

. . 25(0H)D HEE R D E IR (%)]
[M (P25, P75), nmol/L] WAEEDAE  HEEDRT YerEE D IEH

HE 876 64.25 (47.5, 87.0) 219 (25.0)* 22 (2.5)" 635 (72.5)"

S 1030 69.75 (55.0, 94.81)" 172 (16.7) 16 (1.6) 842 (81.7)

€S 1128 71.0 (53.0, 94.5)" 214 (19.0) 19 (1.7) 895 (79.3)

= 685 69.5 (48.75, 91.0) 152 (22.2) 21 (3.1)* 512 (74.7)
Z/ M 29.588 30.789

P1H <0.001 <0.001

T 5FFME, "P<0.001; 5EZFME, *P<0.001.

3.4. NEIEKISECGER)JLE 25(0H)D KERHEEE D EHRA

ARAE G PRI Wi CRER ) 12 L AT 2020, LRI BN S 1 ) L 0 BEAH, 0 B AS [ PR 12
(EIR)JLE 25(0H)D /KK 4E4EZ D BEIRRILRA D H B 3). XHRALE 25(0H)D /KN
68.25 (52.5, 85.63) nmol/L, 25(0H)D /K- P& T5F &L LE G R IZ Wi B 5518/ NVE . fhah et . 35sh 5iE
B, A BEVEIVLZEYEIE (Spinal Muscular Atrophy, SMA). EK &K HIRGE. ML . A RE=.
TR PR FIEE S K B BafS(Language Development Disorder, LD). i&#h[#E6G . FEHE S £
i (attention-deficit/hyperactivity disorder, ADHD) R, BA GiT %2 R WIGIK SB ARG %/ ME . i
FFERG . WEEhSEEANR. ARKFIRE. BHEGLEG. ADHD. %4 JLE 25(0H)D = FIA 2 3
N 22.6%, HEAZFR D EFRIRIUE TR HRLL) L I PR I2 W 2479 G35 35 /NAE (28.8%) il BN FRAS(33.0%) ¥
BEERKI42.6%). SMA (40.0%)~ 3 2570 i 1 e (42.8%) A KK B IBZE(28.6%) HAETE it
(35.0%). TEF-#(60.0%). LD (45.0%). 1&5)E5(40.0%). ADHD (35.5%)FFH#5(30.7%), BAHGiit5%%E
SRS 5L SMA. R #. LD. ADHD.

3.5. BRI Sid K ILE 25(OH)D KK ERHEEE D EFRR

3719 & )LEH, 125 NHHAT 7k BUs R 71 1gE R,  3Hrp 2 /b — s B85 R = 1% 1gE FEPER A 57
N, ASERUE I B ES  BELR I Bt L E 4E A 3 D /KN 75.0(57.0, 100.88) nmol/L, 68 i
JREE S TgE R B PE R L 4E4E 2 D /KT 96.5 (79.57, 119.06) nmol/L, &4l Jyidt i )L 4k
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# D /K AR T I R 1 1gE AR IIBA R L, P B BB R T2 (2= -3.743, P < 0.001).
SEL T B R ) LEE4EAE R D SRR & 17.5% (10/57), I SRR 1k 1gE A A MG ) LB 4R A R
D A2 4.4% (3/68), P EA Gt Z (4 =5.739, P=0.017),

Table 3. 25(OH)D levels and vitamin D nutritional status in Children with different clinical diagnoses (symptoms)
% 3. FRIGKRISEIGER)LE 25(0H)D /K FERYEE R D EFKA

REHCER) o 25(OWD ZE  PE AR DETR £
[M (P25, P75) nmol/L] HAEED AR MEEDHE  HEX DLW
NEARK 93 68.25(52.5,85.63) 19 (20.4) 2(22) 72 (77.4)
B NE 208  59.13 (47.38,74.38) —2.63  0.01 55 (26.4) 5(2.4) 148 (71.2) 128 026
3 G 100 56.13 (48.31,69.31) —3.57 <0.001 33 (33.0) 0 67 (67.0) 260 0.11
i fE L 25 101.00 (68.25,118.25) - - 1(4.0) 0 24 (96.0) - -
{9 55 73.25(54.75, 92.00) - - 10 (18.2) 2(3.6) 43 (78.2) - -
WEh BIEE R 80 55.50 (43.06,73.50)  -3.63  <0.001 33 (41.3) 1(1.3) 46 (57.5) 7.87  0.01
SMA 25 55.00(46.75,7438) -1.93  0.54 8 (32.0) 2(8) 15 (60.0) 3.09  0.08
AR MERERE 14 70.00 (43.31, 86.50) - - 5(35.7) 1(7.1) 8 (57.1) 1.69 0.19
KK EIRZ 322 61.5(47.44,75.50) 258  0.01 82 (25.5) 10 (3.1) 230 (71.40) 131 025
HAERERES 20 59.00(41.88,70,88) —2.12  0.03 6 (30.0) 1(5.0) 13 (65.0) 0.78 038
e RBZ 44 63.75(52.56,89.13) —0.26  0.80 6 (13.6) 1(2.3) 37 (84.1) - -
N3] 22 65.13(49.69,93.69) —032  0.75 29.1) 2(9.1) 18 (81.8) - -
R 15 47.75(40.50,66.50) —2.53  0.11 9 (60.0) 0 6 (40.0) 7.25  0.01
LD 20 55.38(40.38,79.13) -1.88  0.06 8 (40.0) 1(5.0) 11 (55.0) 424  0.04
BEEAT 25 60.25(42.25,7825) -1.67  0.10 8 (32.0) 2(8.0) 15 (60.0) 3.09  0.08
ADHD 135  54.5(44.25,66.50) —4.51 <0.001 47 (34.8) 1(0.7) 87 (64.4) 439  0.04
A 26 62.88(45.56,86.19) —0.71  0.48 7(26.9) 1(3.8) 18 (69.2) 0.74 039

3.6. JLEE 25(OH)D /KR4 FE D EFRASKKEREERNEX ML

3719 4 )LEd, RRFEBIFELELEL S 11.9% (443/3719), 4842 D /K TN 68.25 (51.25, 92.5)
nmol/L, RAFEBEJLELEA R D /KA 69.0(51.25,92.19) nmol/L, BTG 127 7(Z2=0.065, P=0.948).
R R FIRAERE I LELEA R D 6= 4 20.5% (673/3276), A& 5 2.0% (67/3276), AKAERt JLEYEEZR D 6t
Z 15 19.0% (84/443), A2 2.5% (11/443), AKEEERES4EAZ D EFARILIEAH KM =-0.008, P=
0.630).

4. WHg

A2 D AER IZ TR 2 T D RER — PR B R ER, UL E S R A ws i, iz Al g
FEC AR R0 FH B SR AR RE[ 7] BN IR B4R 2K D X g% R4 O MU RGN AR . 2 R PEREALAE |
11 BSWE JROG A 506 M as, RIRT A PUREE. USRS, RS 5 RE RN SR HTER[7]. 44E%
D 2R —NAEERE M AL AN, A AEA T 81 NMEXK 7,947,359 N4EAE DK, KIM4EAEER
D R Z 3K 15.7%, ARFN 47.9%, FHh IO E K Em s8] RIE 0~18 % JLEYE4 % D ™
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HIZ RN 2.46%, HZFA 21.57%, NEFN 28.71%, HAER D =AML Em ) LE 2 TR
B, T RER 20 BAE 5 AR K R[5 R, T JLE4EA R D A A ILEFRRGL, X ILET
RS K S EE,

A FEIERE AR ECRFE B (] D)X 3719 2 )LEYEAE R D KV RO FRIEHEAT T /0 87. 3719 4 ) LE M
& 25(0OH)D 7K 4 69.0 (51.25,92.25) nmol/L, & T LUZR[9] BUM[10]. AR I[11]. BerbhZ[12].
WATAEARBI13]. SR IPAG DUR[ 141551 RIB 1 4E £ R D KT, RT=EE[15] T M[16)55E 1 1 kiE K
Vo HHREHRE X 4EER D KPR TAEHIX[17], WA RS R LIRS, ST AMR4EER D
AP, DR, KT A4 2 D AP AL i E 2, S REAMRT. 0~1 B4
JLE IMIE 25(0H)D /K F-# 4 100.25 (78.94, 119.31) nmol/L, >10~15 % 4L 1f1i% 25(0H)D /K FHf& A 50.5
(39.5, 65) nmol/L, HEEHFERKII, 7% 25(0H)D /K72 FR@AE 1). Zad s B RiTdAl;
[13] FREEBEII[11]. BRPGPEZ22[12] 551 B S 45 RAHRT . 210~15 ZHYEER D sh=Z A RN E, H
Bl 5 R R I A S Iy, 4E4E R D S M R AT RE S AR 2 IEAH SR (r=0.366, P<0.001). AT &,
SRR 1 AN H, 25(0H)D 7K P44 A% 0.385 nmol/L (b = —0.38, ¢ = 123.748, P < 0.001). 3719 % )%
o, B 61.5% (2289/3719), L (5 38.5% (1430/3719), F L # i1 25(0H)D /K43 A 68.25 (51.25,
90.25) nmol/L~70 (51.25, 95.25) nmol/L, 53 % # Ifil & 25(0H)D /K% 7 LG8t 2w X (Z=1.605, P = 0.109).
B AR Z FIAS RN 22.6%F1 22.2%, PH LR 2= Z R (P = 1.736, P = 0.420). HAl, K14
AF D BRI ZER, WAEMAGRWNA—, FTiH—PRIE[17] [18]. 44K D HZMA LR
N 22.5%, RTERIT[13]. WWAR[9]. WEEH[19][20]. PU[21 15 4RE, & THUN[10]. =RE[15]15H
IR FARIE . 554, 25(0OH)D /K-FYEAE 3R D EFRRUIAF/E B E M 25, = 25(0H)D /KFi
W, BEYEER D EFRRNEE, MHEFMEAZER 25(0H)D K FR4E4FR D B3R B Z(LE 2).
PS5 R RE 2 A SR R AN AT R B A LG, 9958 ARt X ) L3 I 4 A 3k = R m A Ok [22], HAER
JR AR R R AR R, PS4 2 D A RKk[23]. T ER T H I ALK, Rk R
e %, b —eHh X B4 RIS YEE, B4R D Sz A0 B AR [24] EAFEZETH
WA RA—HE, AT R RPN R RSB R4, 6 H4E4EFR D sz A
JE R HE FL) 6.6% 5.1%- 7.5%- 24.9%- 39.2%F1 48.0%, HH>10~15 H AN EMELZ R . X
ARe ShE JLE IR, JLE KK E 2R T Mo, P ANESh I a8 b, T R B AL
BEANE A E JHEAT )L 2 (R A OK[25] .

IR PRIZ W CRER) 7 A o, Bk 20 G152 3, 25(0OH)D ZK-FAR -5 FRAE (N 2544 ks L
H)WIEKIZ W AR R /ME . mahEmg . S35 R SMA. EKKFIRLE., BEEHHEG. 4R
Bz FEEE. MR LD, 23RS . ADHD MR, BB g2 R mKIE Wi E /e,
FFERG . EEhSEEAR. ARKFIRE., BEEGLENG. ADHD. %4 JLE 25(0H)D f= FIA 23
N 22.6%, 4ErE R D B FRRGUIC T XS IEZH ) L2 1) R 2 W 0 A0 5658 /NIE Bl Behs . i3l 5 E R
SMA. FZEMERE ., A KK FIRLE ., BEGEES,. tER 2. LD, 236G . ADHD AT, HAfA
it = R IAFE ) 5E R L. SMAL MR LD. ADHD. HHFFREHLEA R D G BEMA NN
Dhae(nih 5 e 2G5 TARRIZ 3201810 FERTT PATDIRESE)fEE— /oM [4]; LAk, BEFLRIN,
REATNER)LE(ESS LD, #hshiEg. 2iA 5845 . ADHD. JIMUERE REEAS . Hr e e S g, xt
SEIB U RREAG | BRI AS) B 4E A2 F D AP BT AR ) LE, FH DIAIUHE % R [#65(ASD) ! ADHD
BIL4EAE R D KPR RE[26], P EGR SR 85 AT BHl, AV EEE
T4 D 5 ASD & ADHD HIFHICHE, Tnt HAth & & 17 NS B SSEAERT LD [26] . 3 — B4R 4E
AR D SKEATNER AR RBAE, AT RE Y Im AR T TS (] € A8 F748 T he ik B S0 B 4K 4 AN s
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B, 125 4 A AT R R S0 1B AR LE A 57 ANEERUE S B em, 4E4ER D KN
75.0 (57.0, 100.88) nmol/L, 68 4 i #Jsi e F-E IgE il B PE 1) L 4E2E 2 D 7KFN 96.5 (79.57, 119.06)
nmol/L, ZECAITEMERR ) LE YL R D AP BAR T SRR =M IgE A AL, WA RH R
EGit R (Z = -3.743, P < 0.001). SEALEE B ) LELEAE R D s FA ZE H 17.5% (10/57),
HRUFE R R TgE RPIVER LELEAE R D A2 & 4.4% (3/68), ARG SR FER(P = 5.739, P =
0.017). AT ZHARILEER D KPP EE IR 2 WA, MR N4EER D K FIERE,
AT YRR RGE0TAT,  BRAREROMEBR 1 R 2E KUK, 4EA2 3R D ik Z 0 238 ik BB 1) R A %
[27]o XF 3719 & JLE 125 HATER S ILE, KA RF LA JLEL Y 11.9% (443/3719), 4E42HR
D 7KFH 68.25 (51.25,92.5) nmol/L, FKAEFt JLELEAZR D /KF N 69.0 (51.25,92.19) nmol/L, WA TLLIT
EZES(Z = 0.065, P = 0.948). AR PZIRAER LELEER D =15 20.5% (673/3276), A2 H 2.0%
(67/3276), KATBE )LEAEAZ D BLZ 5 19.0% (84/443), AL 2.5% (11/443), AKEH 5444 D
B IRRBLTCAH R (- = —0.008, P = 0.630). AHFFTR, £RFF 100 nmol/L LA b HZEA 3 D /KX Fe A
PR TT B S EL 28] HAHIFT 3719 44L&, A 356 &4 LEMYEAER D /KA 100 nmol/L LA |
BOHEIE R, 484K D Al REAERE RN, FEXEARYEA R D Sz s & AFEIT R IT, DL 4T
PR SRR 70 R 4EA K D /KX TR 12 1 5 1 52 R [29]

R LR, BB EEEA R BRI B FH B R, A — e R LR 1 M XA [+
SERS B AFEMER . AFRFIEELELER D 2SN, RHUFRLFRN>10~15 ¥ )LEFEAEER D A
SRR Z B R, T EA AP RYEAE R D ShZ AT e 5 2R, DL RS RBIR R KT E V)R
W, BEANE . AR TR O BN T ME—— SO R R R, 1 TR VR R R RO
P, RTINS R IndER T [FIE, AR RS A E 2 it AR AR, S IR A NI IK 2 R R
HE—20 3 i i M X ) L2 P4 A 2K PRI Z A8 L S ARG R R, RIS 307 AR AU RoE A
R o FFRERE BT NI )L 4E A4 2 D AP E TR SRR Z B R &R . BN T LE A FA R
4R D TR TR A I IR AR .

EEMA
J7ARAR M T BT BAR USRS TR H (95 2023CZ010191).
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