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Abstract
With the increasing prevalence of obesity among children and adolescents in China, vitamin D
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deficiency and obesity show a high degree of epidemiological coexistence. This review summarizes
recent relevant studies from China and abroad and explores the potential mechanisms by which
obesity leads to vitamin D deficiency from several perspectives, including shared upstream lifestyle
factors, adipose tissue sequestration and volumetric dilution, and impaired hepatic vitamin D hydrox-
ylation associated with metabolic dysfunction-associated steatotic liver disease (MASLD). Within this
framework, taking into account the physiological characteristics of childhood growth and develop-
ment, puberty, and adipose tissue function, we further evaluate the causal inferences from relevant
Mendelian randomization studies and explore the potential mechanisms through which vitamin D
deficiency may contribute to obesity-related metabolic abnormalities. In addition, by reviewing re-
cent clinical trials and meta-analyses of vitamin D supplementation, we analyze potential sources
of heterogeneity in the existing evidence. Current evidence supports that obesity is an important
upstream factor contributing to vitamin D deficiency in children, whereas vitamin D may be in-
volved in the development and progression of obesity-related metabolic abnormalities rather than
directly promoting the development of obesity. Therefore, vitamin D supplementation may cur-
rently be better considered an adjunctive measure in the comprehensive management of pediatric
obesity, while consistent evidence regarding its beneficial effects on relevant metabolic outcomes
remains lacking. Future large-sample, long-term randomized controlled trials in children and ad-
olescents are still needed to further clarify the clinical value of vitamin D supplementation for
metabolic health in children with obesity and to determine appropriate supplementation strate-
gies.
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1. 5|

PR #E 2 O J IR 1) R 2 SR BN LB T D AR R iR R A3 DA R iz —; 2015~2019 4[]
B AE SR, AN 6 5 LB H R EIAF] 3.6%, 6~17 SERILEEDENTFE 7.9%[1]. M 1985
IR, X BRI AR AR R B R TR 3, B 2019 AR 7~18 & NBEIAE A H 2 M A
#10.1%M4 K2 9.6% [2]. ARSHEAE AN, o 28I REM S R, FRIEACL K ILHE
N ST . 2 W VP S T I —AREE, HS 0. BETRT I R R AR R R £ A A o
IRAE R EAHIE[3], BEAME I NTERE N AR I AR . GO VB 7T v I ) 28 B0 NG S 35 3 - 3
e KRBT Z 4t 255 R UUE [ 7 4H[4]

B ] AN, AHOCTREE SR RS Z W E R R A, [FERRATAHIFATI4EA R D Bz
(Vitamin D deficiency, VDD)AN A M . 4E4: % D (VD)2 4ERr A i ACUN 5 & B @ fR 1 G s FR 3k, Hol
B AN RS RSz B E AL . — W0 R BRI R Gt da th, ABEH LIS 25(0H)D = B4 2 1 L1 38 1
ik 63.6% [5], EF RN ILEF DA VDD B E— 2T a, A0 R, MEIEE4HE )L
#, JERILEFDFERE VDD X R[6], $enitfEs VDD I 3L E M I, A JLE D Fg R
SRR e o o

iR _F VDD % SAEREAH B A7, —E A LA T m . $h78 VD 1T 75 o5 AR R B FOAH DR R
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WIAAE—E G, AR SCHIGEIT ARk e X 442 32 D B = (VDD) 5 )L B 1 96 2 S n] Be AR AL 0t 72
BERAEATHIEEL, FISE)LE VDD SRR R . MR R KT ISR, DBy JLE B 45 & B
RUMKSH .

2. BH544% R D RZ IR E R XL SFH4YEE R D BRZ A EEH

FHRAT T S ARSI ) LE MfLE 25(0H)D Ik TIEW A HE L, H BT A5 P IE I 32 222 IR 1y
PR 5 ERHRE. MASLD HRFRALIENG I A3 7 A R = 2 842 MR IR 08 2A 25(0H)D. Hh i s
AR BN = LR R R 5 o el

21 HEFEAAER: BHSEER D RZHHF EFER

JLEF DR LT Xk VD AR AR A 520, Simunovic S5 EH 5 2 1l i e i X i L
T/ RREWTE AT 7RI, AEAE) L2 i 25(0H)D /K-F B AR T IEH A H )L, HiAJEsh %, vD
KPR [6] . BEANEAT W LR MBI TG B B P I BB AR S 2R (UVB) AR A 25 i, ATl 25(OH)D /K-
F LT R AEE A H B R A N oA e VD R R R, B H ARG > 5 /N i) Lz
HMFEDE, o VDD H U2 F7E I (b3 (A A_E[8]. $om H 6 sl i sl i 553 s 77 sk
FEXRA VD s T RELLAR R A S B AR T T LB R L s R AR SR S R B R
M WY CBRIBEFRAR” FH VD NN ZREE FRR NN, RN RIS 5 5 piE
HRENREZ AL, HE—PINE T VD SR R sk = [9]. RIS Zamif ), A7 B LA 4 K
JEf L, R REIE AMAN VD G, JLEAM. AN R LR S A & BEAME R N
JESE R, Ty H AT sel s g b Bk UVB 5 fgEA 2R D ek, BRI EAE N —FHRSL RS S 55

AR
22. ERRAFRERRHR

EEXTAERESIEE VDD BEAEAZAEP A 2 MRS, “HRITALSUE i v B HEREA SRR VD RS Kk
FERR Bt TR, VD VENEE YRR 3R, oA v FEARKASUIR 1 2 23 B A7 A O ] B AE A T L« £ 1971
W Rosenstreich AFIEIL RS R VDs KR SEIAISGUESE, NENTHLUE VD3 HE E AR A7 AL
[10]o MR ALZAZ) 752 BN O SUIE e )L AR A VD SR T REJEAMIS, HURH “Bie” ERIT, B
BT ANATEA R “ThREMEBR =" [11].  “EBIRRESAUL” WA Ry ARG I S 20 7% VD RS
2012 E—JUZA N 686 44 32 il IRAIKT I BE FUAE 70 b ST AR AR A AT BRI FE AR, R IUIERER S 5 i
i VD ZIAIRRIA B RA Gt S R 1, iUk IR ATEAH O VD 7P 32 Z2 g i A 2 AR 4G
INArEL[12]. Carrelli SEXF B2 T Ko Py AR T 2L 23 LA A A B, MR NS IR R B35 IR T VD IR IR
BEER, MG VD BMEEL5NIERREXZK 5, A 5K T AP A[13]. PIA BRI A
MEAF, MR FEZS5IEMAR VDD KK ED K. Zhou ZERIZHAN R, JEMARRE S &2 5 T8
AT 2~3 bR T R BARIT A L3 25(0H)D 7K-F[14]. Tayde 55 (1 556 b UL i X6f A i 2 1F
W OBMIJLE 4 T OO R VD 458, RIUERLE TS 1 8 K& 1AL 25(0H)D Tt i
JEWRA IR BMIJLE, $RRIEHARASHIEL 1 VD #h 78 B R M [15].  EIRHLHIARE 1AL LE
VDD AT REILG, WO R LA AR VD A TE S S 4t 1 BB 2 .

2.3. MASLD 5 VD 1Lt BipER
FFREA&PEE AR VD AR ThEE, JERES]ES AT A 5 B 15 1 AR (MASLD,  BEA: FR AR R 14 B 7

DOI: 10.12677/acm.2026.1693074 514 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1693074

BN, iRt

PE% NAFLD BACHAH AR I 14 0 MAFLD) 2 i DL HF AOiE 2 —,  FLH-4H M D e 1048 4 v] R
T4t VD RUEFHIThEeRIL; CYP2R1 Frémbd (i & 3 B IRE A 2 —, JHIGHrdlsm T VD 1T
MR N, BETMIAIREREI VD AR RE[16]. Roizen 25 ACIESE 1 = AR A0 R /N BRUFF R Y 1)
CYP2R1 )31k 5 25-FUBEEME 2 FRAC, AT s2me F IR R4 g 19 55[17]. Elkhwanky (A 785 —
R IV AN RE AR, WEARG IR AE T A4 CYP2RY KEM MG, Hik—PmRReE
/N BR SIS LA B 4 AR CYP2R1 IERIE, MESE — DRI R 1 VD & f6[18].
H 2 AT AH RS2 B0 AT U AN A D 2518, 7238 SRR IR VS T8 3R 175 1 /DN BROBE PR 0T 98 b B, FHEIEZH 2 CYP2R1
PRI, EIR W 25-F2 0 B 5 PEFR KA 25(0OH)D S Z 5% . 27 AT B AT Hodth 55 26 Wiy i AR A4 [ 19]
Jaroenlapnopparat & 2445 A HE H VD RGHE 54 CYP2R1. CYP27B1l. CYP24AL [ AN FE AR
5, 52 25(0H)D AR RIS iR, $ROREHME S SATREN S 5 T X ANdFE[20]. Bonnet S5 KR BIAY 4 K 1%
I v AR R ARl /N BV L 1 R LI SR AR A, AEURH ARG I, BRI CYP2R1 5B it CYP24A1
T, REMIHZL CYP27B1 i CYP2R1 Jxifii b, MLES MK 25(0OH)D & W2 B B A8k, $Emm]
RENEPER 1 VD R E & EL i [21] .

ZE LTk, AERE I BB R M S A SRR RE . MASLD 5 VD SRR RS . AR iE oy R IE 3
[FIPEARAG A 25(0H)D, =& AHEACL. WrEMEF, (2 H A S FCE4E = Z E Se R A\ skt o, &bt
JUEEFH SRR S R TS BE AR XSG PR S S = ) L2 A4 P SR IRE , [RIAE AH G AR 8 77 2N R R It 90 B 52 B 2
ZENTL PRSEE AR R, AR ME AR, 1 LR B DX S WL TR ) L ZE A R AR T DT Rk R S
AR TSR IE

3. JLEYEE R D Kt SEMEATIREN E R

JLETDERAE T AR ERK KT WSSz o, HgeA 3% D A5 R I 4191 BAT MRs K R B R
AR B B 7 SR e L BT A S 1 S 4EE 3R D IR SRE TN, D LEFH D RYEER D R
ZHEINBUR, AR E R ST i - R - PRI A SR BRI R AL, R R I Al S 4
AR D MACVE BRI, HalRT AV E KR B SRS R O e g i R B A, i Reds B H OV L
AR S BE N 0 b 3 Y DRLEAE JA SRR I RE TP O 4E AR 3K D s = 2 S 2 LAk S AR AR I SOE SR A 1
WF T ARl

4. VD B Z SRR RO E R T

B SCHTIR $& 7 NE AT 7 250 25(0H)D F&AIR, VD B2 e dE B E ) A 26 s 4 R o 52 SR 2
HISGE , A R da /R BEHLIL (MR) T 72 09 P R DR SR DG R SR AL OB HOAES - — I 4 73R ARIXUE MR
BIF ¢ FLB A% J2 T T ) BMI i 3 25(0H)D ' F%, R Z i 25(0H)D JfoR &2 Tt BMI [22]. A
2025 FEHTLE KA MR BT, %) L2 57 B 3 DAAh se Bi B, k20 5kl JLEYIIE I rT e A& VDD
(¥ B2 R IKEN K K [23]. SRl LRR g, VDD AR SBUEM M BRI, AT AR 5 A
FRACHHRFR B, DKW 7 VD KBRS R . B aith VD ek B AR TR E S
RN IRITHERR, RAE— R L G MR NBRARHPIR S 5 SOE TR AR [24] -

5. #E4 ] D BRZ X AEHAE XK IEH L ERRImHLH

YEE R D SRR ME ) LE 1 ACSHE R I STE R $27r, VDD JFA ERSEBUER KL, B
FIERE VDR A T MRS R 18 1 SORE 5 1B B FARPT(IR) LA L A2 (1l i ek R AT FPEAR
RACEFFAE B -
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5.1. VDR "+ SRR AR R BT 12

VD WA AR £ R YEA R D 2 AA(VDR) &, HAENGIT AR 2 AFAE Ik, B SGHT FTl
NTE VD Fe o R4 1 0 R 442 3% D AT VDR, @3 T MHIZ O 3B 7, Bl = A 40 s
AR F[25] 0 It U R AR O RO, 2 VDD BT, RESEHAR VDR W AEiE
i Bif PPARy 1A DMEHERR 44k, $27R VDR BOARUHE F KT BT ab R85, I 7T gk 5 o ik T M
DAL JIe Js 4 AR 558 10 22 AR A [26] « Zh 4 S U3 o % i 5 4123 VDR #)i VDR 1 335/ il 5 VDR fi
B/ BRSRLBIT AT, AL VDR SR 4 I 7 2L R ) 7 B SR DB e 0 SR A 45 RE T R S A7 P [ 271
Ding “E )8 A AT FUNNR R VDR SRASA T EUA A B BT i o3 15 R 8 A 2Rk e ss [l g
AR B A OCE R 21 22 [28] . X LR FTER7S 1 VDR RIAE 0 i s 4120 28R g B A 22 (7 £
TR RN NG —DNHIVEE, TEIASOFARICLRIRN S T o R EEIERRE TS, ANRLET “VD-
Ca?"-PTH Z Ly 70kl ZEAVIRAS, JLREEEE3E 25(0H)D F &S 1 it Ca iy, it
(K] PTH KT FREET R, KA S IRk, Sf A B, (Lt uh =BRi & & PTH RS LAE
75 B MR AR AR AR SRR B JBR 5 3R AT, it A AU AT HE AL 5 AU o S B R [29] -

5.2. VDD 518X ERER RN

FEL PR B FCAH SGARIST 57 s BRI A A AR R A GUS AR i, JLRDUNR T AR R . B4
R SAR R JE N 7 R TR S8 — TSR AR NE D7 40 M 78 2o, VD sl i IR i 48 . NF-«B 1
ERK1/2 {5 5%, T IL-6. HERER RGN 73Rk, #&7R VD S5 = BRI H 2 5 E A 58 1) 72
[30]. 7EmiflRAR & AERE/N BT LA f & VD fhsa seie I mTis/ IR D 4 M R AR, RHIE 28 4 i PR 11
FIRBEAL LA AN ] NLRP3 484 /M DL Ry Rk, RIS AMPK B [31]. AHCZRA IR H NF-
kB Fl NLRP3 i & I 2y A A ¢ 2 i A2 25238 FRAZ O L, 1T VD AT RETE K 84X U 168 5 1 A 71 7y B
RIEAERI[32]. b4t VDD b IHIAH SG G4 1 g 197 BRI 1 43 WA JC T n 616 5% 2= 48Pt (IR),  Roth J8 T AH G
JLEREWIEAT 7T TP e, R 25(0H)D /K5 HOMA-IR A%, SHREERIEMSE, kT “vD-
HEERZ-IR B A5 92> B HESE[33]. Hofman-Hutan 55 IRk LB T /D EE— 25 AL R B, IR/ M
VDD 5 Rl sr G446, H HDL FREEE /K- BB, 1 e LA H o =BT s, HA
B AL P R LR AR A2 B [34] . TEAH SN ZRIRIT I RCT A7 R, i xf b T vDD R
AW E A AREAN S VD, BT 22EAA, IR RS S, FRIERIRAT VDD fT A2 F 51
REJRE () B IR, T 385 R M i 0 2 2 RS 2 2 5T AARACHE, A in EAR 35l &xx%F4
J& SEitE VD #hFRYRYT AT RE TR EE AN E B2, AR SR T L Z[35]

5.3. “HEHE R D - BEERE - RGERR/EH" BE= R

IAEA AR 7 “VD - BIE B - AQHRERE” A = RS . A VD AKFE s AR
ARRT DL g T B AR LR, T A R R U A S S IR R R HT A O I A XRS5 DA 52 [36]
[37]. &FXfmfERE/NERANA VDs SEI R IR T IEHE RN R, HAREGKEE . T v b i
e [38]. 7EZAEMEVE B MR IR B /N R AN TS VD, AU R FAH A AR S R A iR f 2, [R5t B AE
NI 5 A Al 3 e AR, FEBEE /D RUTE BRI G, Ho IL-18 AT TNF-a 58 28ORE R F 1R
FE[39]. VC KA VD3 XHABEHAH S 7 v 1 - Fi e, AR BR T HE AR i) 252, 38 v e ad i 1 15 1
TE A BE PR T BR AR A LRI (RATE I [40]. 76 S AMRTF 7N AR R VD /K F 5 ligiE
W a- 2 FEPE LRG0 R 77 T IR B JB AT AR RIG, (HAWNIIREFEp SRR, Jiiksd A —, BERK R M
ANEH[41].
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25 LA ZTT W IE T AT X S SR BT e, VDD BARIEAGR LR B R R, E AR T
“HNERE-VOD-UHEAL” BEBPERIA T iL 3R, DA IR SR A IR, JLE AR AL, F B FUHESE i
HFRZEIE PO EE, RKT ZH S LEE D NERE L AR A I AORE ) it — 2wt 5, vt —
BT HG ST BISSE .

6. #4EE DARETFM

B RT VD #haXHEE AR R ERIHFA T, 4GSR H L 1) U H
VD FPFRAE )L AR A AR 8 AR IR 52 W CE A [RI 0 E A AE — 58 e, A o R DR ML %S
AF, BEREER. HAFEA—. REREA—. EEH T REE LR IER . AR
FERIBUB A — S5m0 | i A SRR 25 5, A ARG S R TR X)) “2YIE VDD” &5 “ B AR AR O
R PAARFER EAR, FSE TR R ZE T EREAAC R AR S, @ucii
1% 25(0H)D /K- FRAT /0 G B, FHHEREE 2L ) LR F R M8 VD >400 U/d [49]. (HFEDLELEAF AL
B D IR & X IL1H(2024)) #E— DAL 4l 1 % LR 400 1U/d. 1 % % 18 % 400~800
U/d, FFRIEREASLERE[S0]. X FAEREJLE % FEFIH VDD K& X BIAHRIRE TR A=A, BT
TN TR B 25 A DA DU 45 TR B B PR P B LA S DR R 45 B S, AR 70 - 3 2 M i b 2
AW — S FEANTE VD AT LR AERE ) LE 25(0H)D /KT, H -t 3¢ B Hoyd 8 K ARk 28 A — 2%,
TR PRS2 e 52 21 22 J7 T R (R R 120, BAE NSRS R E A R B G it LA 5 RN AE VAN AR
KR BARE Al 25(0H)D /K MEREFERE . A iE 07 IR TT SN AT AN Ak 1 28

Table 1. Comparison of key Vitamin D supplementation studies in children and adolescents
F 1 XBIEREFVEHEER D HFEMAREER

WIAKRHHAR 2R THTE FEA R FEOIRSREER

RO LR
6~12 B RS .., - % Dsf{1fLi%E 25(0H)D Tt
BN G0N BTN o e OO R B A L
VDD ) S E, JAFIMEEE D LR

Al

78 )5 BMI Al A R %, {H

Tayde %
(2021) [15]

Soltani & W& BMI &3t 9 AFRFEH R VD BMI,

@32 WRCT. 09 A, EEPT e D w8 RIS
I EGE BMIL B3
& HOMA-IR, {Y HDL-C
.. GRADE {4 Meta —— BMI. ¥EAUS. HEUMERN, BEERE
o rtroson  HEEIIUL RmR v e SO . WA
(RCT. 440 \) i RigHEr:  S4/E% DattL, 4%
D> 7£ B4 HOMA-IR J5 1
MAETRE,
T 19 L EEIE o A A 3
couzs  MIIEEN Symanere vowastia %Siﬁf IR LI
(2022) [44] 595‘ N HEDE  AREFIRAR L S HOMA.IR -
o VD3 Fh A5 1
Wang % e T JEREJLEF > VDA A IV o i o PRt L
ooty sy RIF(23 A) pe L T T e
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R
VD g 8 VD fEIL 25(OH)D
Corsello 25 RGLRIRWS K& 23 i HE/MEM)LE VD (A EFIREMN K ‘Dml‘; B E, HX BMIL I
(2023) [46] FHHER %) HAE AR ﬁﬁﬂ;ﬁ WL LS Rl A 4 R 3R

&R B

VD3 1000 1U/d. WREDIRE.  ABXS IR AN AR ] BE X
2000 1U/d. 1% Ao IR R R 7 A A
600 1U/d, 6 ™MH  IbES M Ag% i,

P4 BMI 40y R %
By (MTREAEWE T AT ES),

Rajakumar %%
(2020) [47]

JEREILEE H

XE RCT (225 \) VDD

BEEEME)L VD3 1200 1U/d 5

Brzezinski 2 X E RCT GE2H#1 . R, K

R Y VD A FE R
4 p \ B !
(o20) (48] BN pwrm mammi2 A SR iy (B VD
BRI

FEBLA S8 )LE LS VDD KNI 7T R B IEREE VDD 1) Bl aksh R, Horb AR is 7 A R AR
NS AR R R T TR R A R R, MR S i 5 A ARMRE S U A S T 0 1 s P
IR AR PRG350 VD k=, Ho)LE 4R 3 D AR 5 I 7 20 2R T Rk 1) AR ARy A M 22,
Al AT REE L VDR IR0 AU I 18 EARE SO0 5 5 & SR ARBT SN AL LA ) L E R i
PRI, T T R A 2 AR 5 A D REAR AL T e R W FE S B AR &, (EHL BRI IR 75 AR BE 2l
REEEHRSCRF . MIRIRAEERE VD @HAEAG SRR EEAAE, & T LER Tt s, £
SRR AETE T S EE L SRR IR LA A, VD AN R AN LR, T 2] IE LS VD K, [
I 0o 5 B P AR A 0 N PR IR AR A AE — E I R B . LA VD b8 T B BR T AR SL S sk AR 520, 514
HEACFAR . ARFERATTEA . KERE, REELSE, R Aiag—Tr%. FH
sk Z B IE I LB AR AR BEHLO IR TS, H R S8 T8 B A R S it e 808l = 2ok B sh sk,
BRZ RBENFERT TR . AR H S [ L HTT AR I Dy o] WEas:, T B L) L2 1 44
7 D RHERN TERT IR R HLY) & SE PR M R A AR E S

SE

[1] Pan, X.F., Wang, L. and Pan, A. (2021) Epidemiology and Determinants of Obesity in China. The Lancet Diabetes &
Endocrinology, 9, 373-392. https://doi.org/10.1016/s2213-8587(21)00045-0

[2]1 F#EE%:, BRIy, XGELF, 4. 1985-2019 4 [E 7~18 & )L 3 H /D 4 H 5 JERE R RAT B A R I 7 [J]. T
By BE 25 2% &, 2023, 57(4): 461-4609.

[38] HEREZES LB SN WA, PREZES LB LE R, PREESLBIES <R
IREFRFA, % P EILEBNSEIHE S E R L RN e )LRHEE, 2022, 60(6): 507-515.
[4] Drozdz, D., Alvarez-Pitti, J., Wojcik, M., Borghi, C., Gabbianelli, R., Mazur, A., et al. (2021) Obesity and Cardiometa-

bolic Risk Factors: From Childhood to Adulthood. Nutrients, 13, Article 4176.
https://doi.org/10.3390/nul13114176

[5] Cui, A., Zhang, T., Xiao, P., Fan, Z., Wang, H. and Zhuang, Y. (2023) Global and Regional Prevalence of Vitamin D
Deficiency in Population-Based Studies from 2000 to 2022: A Pooled Analysis of 7.9 Million Participants. Frontiers in
Nutrition, 10, Article 1070808. https://doi.org/10.3389/fnut.2023.1070808

[6] Simunovic, M., Supe-Domic, D., Karin, Z., Degoricija, M., Paradzik, M., Skrabic, R., et al. (2021) The Relationship of
Vitamin D Status, Adherence to the Mediterranean Diet, and Physical Activity in Obese Children and Adolescents.
Journal of Medicinal Food, 24, 385-393. https://doi.org/10.1089/jmf.2020.0032

[71 Vajdi, M., Golpour-Hamedani, S., Hemami, R.M., Hassanizadeh, S., Darzi, M. and Askari, G. (2026) The Location of
Physical Activity Determines Its Efficacy on Vitamin D Status: Evidence from a Meta-Analysis. Journal of Research in
Medical Sciences, 31, Article 7. https://doi.org/10.4103/jrms.jrms_378 24

DOI: 10.12677/acm.2026.1693074 518 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1693074
https://doi.org/10.1016/s2213-8587(21)00045-0
https://doi.org/10.3390/nu13114176
https://doi.org/10.3389/fnut.2023.1070808
https://doi.org/10.1089/jmf.2020.0032
https://doi.org/10.4103/jrms.jrms_378_24

BN, iRt

(8]
(9]
[10]
[11]
[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]

(28]

Das, R.K. and Bahrani, E. (2025) Recreational Screen Time and Vitamin D Deficiency among Children and Adolescents
in the US. Pediatric Research, 98, 52-53. https://doi.org/10.1038/s41390-024-03745-9

Kobylifiska, M., Antosik, K., Decyk, A. and Kurowska, K. (2022) Malnutrition in Obesity: Is It Possible? Obesity Facts,
15, 19-25. https://doi.org/10.1159/000519503

Rosenstreich, S.J., Rich, C. and Volwiler, W. (1971) Deposition in and Release of Vitamin D3 from Body Fat: Evidence
for a Storage Site in the Rat. Journal of Clinical Investigation, 50, 679-687. https://doi.org/10.1172/jci106538

Devulapalli, C.S. (2025) Uncovering Hidden Vitamin D Deficiency in Overweight Children. World Journal of Clinical
Pediatrics, 14, Article 110357. https://doi.org/10.5409/wjcp.v14.i4.110357

Drincic, A.T., Armas, L.A.G., van Diest, E.E. and Heaney, R.P. (2012) Volumetric Dilution, Rather than Sequestration
Best Explains the Low Vitamin D Status of Obesity. Obesity, 20, 1444-1448. https://doi.org/10.1038/0oby.2011.404

Carrelli, A., Bucovsky, M., Horst, R., Cremers, S., Zhang, C., Bessler, M., et al. (2017) Vitamin D Storage in Adipose
Tissue of Obese and Normal Weight Women. Journal of Bone and Mineral Research, 32, 237-242.
https://doi.org/10.1002/jbmr.2979

Zhou, X., Chen, Y., Xu, J., Li, X., Wu, Y. and Xu, L. (2026) The Interplay between Childhood Obesity and Vitamin D
Deficiency: Mechanisms and Implications. Frontiers in Pediatrics, 13, Article 1700949.
https://doi.org/10.3389/fped.2025.1700949

Tayde, A., Mittal, M., Khadgawat, R., Sharma, S., Sreenivas, V. and Rai, A. (2021) Response to Single Oral Dose
Vitamin D in Obese vs Non-Obese Vitamin D-Deficient Children. European Journal of Pediatrics, 180, 1043-1050.
https://doi.org/10.1007/s00431-020-03831-0

Zhu, J.G., Ochalek, J.T., Kaufmann, M., Jones, G. and DelLuca, H.F. (2013) CYP2R1 Is a Major, but Not Exclusive,
Contributor to 25-Hydroxyvitamin D Production in Vivo. Proceedings of the National Academy of Sciences, 110, 15650-
15655. https://doi.org/10.1073/pnas.1315006110

Roizen, J.D., Long, C., Casella, A., O’Lear, L., Caplan, I, Lai, M., et al. (2019) Obesity Decreases Hepatic 25-Hydrox-
ylase Activity Causing Low Serum 25-Hydroxyvitamin D. Journal of Bone and Mineral Research, 34, 1068-1073.
https://doi.org/10.1002/jbmr.3686

Elkhwanky, M., Kummu, O., Piltonen, T.T., Laru, J., Morin-Papunen, L., Mutikainen, M., et al. (2020) Obesity Re-
presses CYP2R1, the Vitamin D 25-Hydroxylase, in the Liver and Extrahepatic Tissues. JBMR Plus, 4, €10397.
https://doi.org/10.1002/jbm4.10397

Elkhwanky, M.S., Kummu, O. and Hakkola, J. (2022) Streptozotocin-Induced Diabetes Represses Hepatic CYP2R1
Expression but Induces Vitamin D 25-Hydroxylation in Male Mice. Endocrinology, 163, bgac060.
https://doi.org/10.1210/endocr/bgac060

Jaroenlapnopparat, A., Suppakitjanusant, P., Ponvilawan, B. and Charoenngam, N. (2022) Vitamin D-Related Genetic
Variations and Nonalcoholic Fatty Liver Disease: A Systematic Review. International Journal of Molecular Sciences,
23, Avrticle 9122. https://doi.org/10.3390/ijms23169122

Bonnet, L., Karkeni, E., Couturier, C., Astier, J., Defoort, C., Svilar, L., et al. (2021) Four Days High Fat Diet Modulates
Vitamin D Metabolite Levels and Enzymes in Mice. Journal of Endocrinology, 248, 87-93.
https://doi.org/10.1530/joe-20-0198

Vimaleswaran, K.S., Berry, D.J., Lu, C., et al. (2013) Causal Relationship between Obesity and Vitamin D Status: Bi-
Directional Mendelian Randomization Analysis of Multiple Cohorts. PLOS Medicine, 10, e1001383.

Luo, X., Luo, J., Du, J., Sun, X., He, K., Zhu, Y., et al. (2025) Association between Childhood Obesity and Vitamin D:
A Mendelian Randomization Study. Pediatrics International, 67, €70066. https://doi.org/10.1111/ped.70066

Dalamaga, M., Emfietzoglou, R., Petropoulou, D., Kypraiou, M., Kounatidis, D.C., Vallianou, N.G., et al. (2026) Vita-
min D and Health Outcomes: State-of-the-Art Review of Triangulated Evidence and Ongoing Controversies. Current
Nutrition Reports, 15, Article No. 26. https://doi.org/10.1007/s13668-026-00748-2

Kong, J. and Li, Y.C. (2006) Molecular Mechanism of 1,25-Dihydroxyvitamin D 3 Inhibition of Adipogenesis in 3T3-
L1 Cells. American Journal of Physiology-Endocrinology and Metabolism, 290, E916-E924.
https://doi.org/10.1152/ajpendo.00410.2005

Liang, L., Wu, L.Q., Pan, Y., Huang, T., et al. (2026) Vitamin D Receptor Overexpression Promotes Differentiation and
Lipogenesis in 3T3-L1 Preadipocytes by Increasing Peroxisome Proliferator-Activated Receptor Gamma Expression
under Vitamin D Deficiency. Biochemical and Biophysical Research Communications, 818, Article 153777.
https://doi.org/10.1016/j.bbrc.2026.153777

Xu, Y., Lou, Y. and Kong, J. (2019) VDR Regulates Energy Metabolism by Modulating Remodeling in Adipose Tissue.
European Journal of Pharmacology, 865, Article 172761. https://doi.org/10.1016/j.ejphar.2019.172761

Ding, D., Zhang, C., Xia, T., Chen, Y., Liu, Y., Lou, Y., et al. (2026) Adipose Tissue Protein Profiling: Modulation by

DOI: 10.12677/acm.2026.1693074 519 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1693074
https://doi.org/10.1038/s41390-024-03745-9
https://doi.org/10.1159/000519503
https://doi.org/10.1172/jci106538
https://doi.org/10.5409/wjcp.v14.i4.110357
https://doi.org/10.1038/oby.2011.404
https://doi.org/10.1002/jbmr.2979
https://doi.org/10.3389/fped.2025.1700949
https://doi.org/10.1007/s00431-020-03831-0
https://doi.org/10.1073/pnas.1315006110
https://doi.org/10.1002/jbmr.3686
https://doi.org/10.1002/jbm4.10397
https://doi.org/10.1210/endocr/bqac060
https://doi.org/10.3390/ijms23169122
https://doi.org/10.1530/joe-20-0198
https://doi.org/10.1111/ped.70066
https://doi.org/10.1007/s13668-026-00748-2
https://doi.org/10.1152/ajpendo.00410.2005
https://doi.org/10.1016/j.bbrc.2026.153777
https://doi.org/10.1016/j.ejphar.2019.172761

I, LRt

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]
[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Vitamin D Receptor. Frontiers in Nutrition, 13, Article 1715659. https://doi.org/10.3389/fnut.2026.1715659

Tay Donovan, Y.K. and Bilezikian, J.P. (2024) Interactions between PTH and Adiposity: Appetizing Possibilities. Jour-
nal of Bone and Mineral Research, 39, 536-543. https://doi.org/10.1093/jbmr/zjae056

Nimitphong, H., Guo, W., Holick, M.F., Fried, S.K. and Lee, M. (2021) Vitamin D Inhibits Adipokine Production and
Inflammatory Signaling through the Vitamin D Receptor in Human Adipocytes. Obesity, 29, 562-568.
https://doi.org/10.1002/0by.23109

Chang, E. (2022) Effects of Vitamin D Supplementation on Adipose Tissue Inflammation and NF-«B/AMPK Activation
in Obese Mice Fed a High-Fat Diet. International Journal of Molecular Sciences, 23, Article 10915.
https://doi.org/10.3390/ijms231810915

Popa, A.D., Nita, O., Caba, L., Gherasim, A., Graur, M., Mihalache, L., et al. (2023) From the Sun to the Cell: Examining
Obesity through the Lens of Vitamin D and Inflammation. Metabolites, 14, Article 4.
https://doi.org/10.3390/metabo14010004

Roth, C.L., Elfers, C., Kratz, M. and Hoofnagle, A.N. (2011) Vitamin D Deficiency in Obese Children and Its Relation-
ship to Insulin Resistance and Adipokines. Journal of Obesity, 2011, 1-7. https://doi.org/10.1155/2011/495101

Hofman-Hutna, J., Hutny, M., Matusik, E., Olszanecka-Glinianowicz, M. and Matusik, P. (2023) Vitamin D Deficiency
in Obese Children Is Associated with Some Metabolic Syndrome Components, but Not with Metabolic Syndrome Itself.
Metabolites, 13, Article 914. https://doi.org/10.3390/metabo13080914

Mousa, A., Naderpoor, N., Wilson, K., Plebanski, M., de Courten, M.P.J., Scragg, R., et al. (2020) Vitamin D Supple-
mentation Increases Adipokine Concentrations in Overweight or Obese Adults. European Journal of Nutrition, 59, 195-
204. https://doi.org/10.1007/s00394-019-01899-5

Voland, L., Le Roy, T., Debédat, J. and Clément, K. (2022) Gut Microbiota and Vitamin Status in Persons with Obesity:
A Key Interplay. Obesity Reviews, 23, e13377. https://doi.org/10.1111/0br.13377

Sukik, A., Alalwani, J. and Ganji, V. (2023) Vitamin D, Gut Microbiota, and Cardiometabolic Diseases—A Possible
Three-Way Axis. International Journal of Molecular Sciences, 24, Article 940. https://doi.org/10.3390/ijms24020940

Xiang, L., Du, T., Zhang, J., Zhang, Y., Zhou, Y., Zhao, Y., et al. (2024) Vitamin D3 Supplementation Shapes the
Composition of Gut Microbiota and Improves Some Obesity Parameters Induced by High-Fat Diet in Mice. European
Journal of Nutrition, 63, 155-172. https://doi.org/10.1007/s00394-023-03246-1

Li, D., Liu, D., Wang, Y., Xu, Q., Wang, T., Sun, P., et al. (2025) Vitamin D Alleviates Obesity-Related Metabolic
Abnormalities by Modulating the Gut Microbiota in Older Female Mice on a High-Fat Diet. Frontiers in Cellular and
Infection Microbiology, 15, Article 1703497. https://doi.org/10.3389/fcimb.2025.1703497

Chen, Q., Zhao, L., Mei, L., Zhao, X., Han, P., Liu, J., et al. (2023) Vitamin C and Vitamin D3 Alleviate Metabolic-
Associated Fatty Liver Disease by Regulating the Gut Microbiota and Bile Acid Metabolism via the Gut-Liver Axis.
Frontiers in Pharmacology, 14, Article 1163694. https://doi.org/10.3389/fphar.2023.1163694

Bellerba, F., Muzio, V., Gnagnarella, P., Facciotti, F., Chiocca, S., Bossi, P., et al. (2021) The Association between
Vitamin D and Gut Microbiota: A Systematic Review of Human Studies. Nutrients, 13, Article 3378.
https://doi.org/10.3390/nu13103378

Soltani, S., Beigrezaei, S., Abdollahi, S., Clark, C.C.T. and Ashoori, M. (2023) Oral Vitamin D Supplementation and
Body Weight in Children and Adolescents: A Systematic Review and Meta-Analysis of Randomized Controlled Trials.
European Journal of Pediatrics, 182, 1977-1989. https://doi.org/10.1007/s00431-023-04889-2

Faghfouri, A.H., Mahmoudinezhad, M., Pam, P., Barazandeh, S., Faramarzi, F., Mohammadpour, Y., et al. (2025) Can
Vitamin D Supplementation Affect Cardiometabolic Factors in Children and Adolescence with Overweight and Obesity?
A Grade-Assessed Systematic Review and Meta-Analysis of Randomized Controlled Trials. BMC Pediatrics, 25, Article
No. 952. https://doi.org/10.1186/s12887-025-05795-2

Gou, H., Wang, Y., Liu, Y., Peng, C., He, W. and Sun, X. (2022) Efficacy of Vitamin D Supplementation on Child and
Adolescent Overweight/Obesity: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. European
Journal of Pediatrics, 182, 255-264. https://doi.org/10.1007/s00431-022-04673-8

Wang, F., Bei, L., Zhang, X. and Fu, Y. (2025) Vitamin D Supplementation Reduces Hyperlipidemia and Improves Bone
Mass in Pediatric Obesity. Critical Reviews in Immunology, 45, 31-39.
https://doi.org/10.1615/critrevimmunol.2024052129

Corsello, A., Macchi, M., D’Cria, V., Pigazzi, C., Alberti, I., Treglia, G., et al. (2023) Effects of Vitamin D Supplemen-
tation in Obese and Overweight Children and Adolescents: A Systematic Review and Meta-Analysis. Pharmacological
Research, 192, Article 106793. https://doi.org/10.1016/j.phrs.2023.106793

Rajakumar, K., Moore, C.G., Khalid, A.T., Vallejo, A.N., Virji, M.A., Holick, M.F., et al. (2020) Effect of Vitamin D3
Supplementation on Vascular and Metabolic Health of Vitamin D-Deficient Overweight and Obese Children: A

DOI: 10.12677/acm.2026.1693074 520 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1693074
https://doi.org/10.3389/fnut.2026.1715659
https://doi.org/10.1093/jbmr/zjae056
https://doi.org/10.1002/oby.23109
https://doi.org/10.3390/ijms231810915
https://doi.org/10.3390/metabo14010004
https://doi.org/10.1155/2011/495101
https://doi.org/10.3390/metabo13080914
https://doi.org/10.1007/s00394-019-01899-5
https://doi.org/10.1111/obr.13377
https://doi.org/10.3390/ijms24020940
https://doi.org/10.1007/s00394-023-03246-1
https://doi.org/10.3389/fcimb.2025.1703497
https://doi.org/10.3389/fphar.2023.1163694
https://doi.org/10.3390/nu13103378
https://doi.org/10.1007/s00431-023-04889-2
https://doi.org/10.1186/s12887-025-05795-2
https://doi.org/10.1007/s00431-022-04673-8
https://doi.org/10.1615/critrevimmunol.2024052129
https://doi.org/10.1016/j.phrs.2023.106793

BN, iRt

Randomized Clinical Trial. The American Journal of Clinical Nutrition, 111, 757-768.
https://doi.org/10.1093/ajcn/ngz340

[48] Brzezinski, M., Jankowska, A., Stominska-Fraczek, M., Metelska, P., Wisniewski, P., Socha, P., et al. (2020) Long-
Term Effects of Vitamin D Supplementation in Obese Children during Integrated Weight-Loss Programme—A Double
Blind Randomized Placebo-Controlled Trial. Nutrients, 12, Article 1093. https://doi.org/10.3390/nu12041093

[49] HEEHFS)UEFS 2 LERESH, PR ERBZ RS PEJLESAE R D EIRAHRIRK i 8 Bk
] LRI &, 2022, 60(5): 387-394.

[50] HETIRIE Y2 LB R4y 2. REJLESEA R AL 4525 R D IRIRN L FKIL11(2024) [J]. A EJLE R4 E,
2024, 32(4): 349-358+361.

DOI: 10.12677/acm.2026.1693074 521 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1693074
https://doi.org/10.1093/ajcn/nqz340
https://doi.org/10.3390/nu12041093

	儿童肥胖与维生素D缺乏研究进展
	摘  要
	关键词
	Research Progress on Childhood Obesity and Vitamin D Deficiency
	Abstract
	Keywords
	1. 引言
	2. 肥胖与维生素D缺乏的共同影响因素及肥胖导致维生素D缺乏的主要机制
	2.1. 生活方式因素：肥胖与维生素D缺乏的共同上游因素
	2.2. 脂肪组织存储与容积稀释
	2.3. MASLD与VD羟化代谢障碍

	3. 儿童维生素D代谢与脂肪组织功能的生理特点
	4. VD缺乏与肥胖的因果辨析
	5. 维生素D缺乏对肥胖相关代谢并发症的影响机制
	5.1. VDR介导的脂肪组织代谢过程
	5.2. VDD与慢性炎症及胰岛素抵抗
	5.3. “维生素D–肠道菌群–代谢疾病/肥胖”潜在三向轴

	6. 维生素D补充干预
	参考文献

