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Early vitamin D supplementation modulates immune function and gut microbiota in preterm infants: A
randomized controlled study

LI Na,ZHANG Rui,DAI Shijun,DONG Yan,DUAN Dongna,ZHAQO Shujing (Neonatology Department
of Cangzhou Integrated Traditional Chinese and Western Medicine Hospital ,Cangzhou 061000, Hebei ,China) ™

Objective To investigate the regulatory effects of early vitamin D supplementation on immune function
and gut microbiota in preterm infants. Methods A total of 150 preterm infants (gestational age 28-36 weeks) admitted
to the neonatal department between September 2022 and September 2023 were enrolled and randomly divided into an
observation group (n=75, formula milk + vitamin D 800 IU/day) and a control group (n= 75, formula milk only).
Serum levels of 25-(OH) D, inflammatory cytokines (IL-2,1L-4, TNF-«) ».immunoglobulins (IgA/IgM/IgG) ,complements
(C3/C4) ,and fecal microbiota characteristics were measured at baseline and post-intervention. Spearman analysis was
used to examine microbiota-immune indicator correlations. Results  After the intervention, the observation group
showed a significant increase in serum 25-COH)D (24.48+2.02 vs. 31. 794 2. 26 ng/mlL,P<C0. 01) and bidirectional
regulation of pro-/anti-inflammatory cytokines: elevated IL-2 (3. 29 4= 0. 54 —> 4. 52 £ 0. 60 pg/L), with significant
reductions in 1L.-4 (27.3842,19—>18.38+1. 31 pg/L) and TNF-a (45, 4843.81—>13.98+2.93 g/L) (all P<<0.01).
Humoral immune markers improved:IgA (0. 069740, 010—>0.078+0. 020 g/L),IgM (0. 22240. 060—>0. 257 40. 070 g/
L), 1gG (7. 853+0. 680—8. 350+ 1. 170 g/L) ,complement C3 (0. 52--0. 08—0. 6740. 10 g/L) sand C4 (0. 100, 02—
0.17=+0. 03 g/L) all increased significantly (all P <{0. 05). Gut microbiota analysis revealed higher Lactobacillus
abundance and o-diversity indices (Shannon:3. 02—>3. 85, P = 0. 013) in the observation group. Correlation analysis
demonstrated : Sta phylococcus was negatively correlated with 25-COH) D (r =-0. 705) and positively correlated with
TNF-a (r=0. 632) ; Lactobacillus showed positive correlations with 1L.-2 (» =0. 582) and IgA (r=0.514) (all P <
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0.0D). Conclusion

Early vitamin D supplementation effectively elevates 25-COH) D levels in preterm infants,

modulating Th1/Th2 cytokine balance, enhancing humoral immunity and complement activity to synergistically improve

immune function. Concurrently, it optimizes gut microbiota structure by enriching beneficial bacteria (e. g. .

Lactobacillus) and suppressing opportunistic pathogens (e. g. » Staphylococcus) » with the microbiota-immune interaction

network likely serving as a core regulatory mechanism.

[ Keywords] Vitamin D;25-hydroxyvitamin D;gut microbiota;immune function;preterm infant
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Table 1 Results of serum inflammatory cytokines levels in the
two groups before and after intervene

i H B Bt pog:iekicl W5 20 ! P

T 3.2240.89 3.2940.54  0.5426 0.6103

-2 FHJFE  3.3140.89 4,5240.60  9.793 <<0.01
(pg/L) t 0.6316 13.22
P 0.5286 <0.01

WA 27.21+£2.09  27.38+2.19 0.4740 0.6362

IL4 THE 27.4441.99 18.38+1.31 32.92 <C0.01
(pg/L) ¢ 0. 6990 30. 52
P 0. 4856 <0.01

THIRGT  46.5044.45  45.48+3.81  1.510 0.1333

TNF-o« T#iJ5 45.944+4.52 13.98+2.93 51.36 <C0.01
(g/1) t 0.7618 56.73
P 0. 4474 <0. 01
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Table 2 Results of serum immunoglobulin levels in the two groups
before and after intervene

i H K Bt Xt 8 41 WA ¢ P

FHAT 0.06640.010 0.06940.010 1.739  0.0841

IgA  FHUS 0.068£0.010 0.07840.020 4.179  <C0.01
(g/L) t 0.9744 4.009
r 0.3314 <<0. 01

TR 0.22640.060 0.22240.060 0.4409 0.6599

IeM  TWHJE 0.22940.070 0.2574+0.070 2.473  0.0145
(g/1) t 0. 2859 3.404
p 0.7754 0. 0009

TR 7.97440.960 7.85340.680 0.6745 0.5011

IeG  FHUS 7.860£0.710 8.350%1.170 3.107  0.0023
(g/L) t 0.6192 3.181
p 0.5367 0.0018

®3 BMABILTHEEHMEEELER
Table 3  Results of serum complement levels in the two groups
before and after intervene

i H ¥ Bt Xif B 41 WL ¢ P

FHiAT  0.5340.08 0.5240.08  0.7564 0.4506

C3 FHFE  0.5640.11 0.6740.10  6.518 <C0.01
(g/L) ¢ 1.688 9.927
P 0.0935 <0. 01

TR 0.11£0.02 0.1040.02 3.780  0.0002

C4 FHIE  0.1240.03 0.1740.03  11.940 <<0.01
(g/1) t 2. 402 18.59
P 0.018 <0. 01
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Fig.1 Changes in the relative abundance of gut microbiota
in the two groups of children after intervene

x4 MABILTHHERHSHEELER
Table 4 Results of gut microbiota diversity in the two groups before
and after intervene

LD W Bt X HE 20 W 5% 40 ¢ P
TR 0.47+0. 10 0.4540.07  1.061 0.2902
¥ THJE 0.58420.06 0.5140.07  6.183 <<C0.01
8% ¢ 8. 856 5. 286
P <0.01 <0.01
TWRT  2.68+0.39 2.63+0.46  0.6776 0.4991
wELpe THE  2.9040.43 3.06+0.48  2.224 0.0277
PEAR AL ¢ 3.283 5. 654
P 0.0013 <0.01
TR 20.37+4.10  20.06+4.61 0.4467 0.6557
B A THUR 25.74+3.85  26.18+4.73  0.6191 0.5368
AL ¢ 8.261 8. 026
P <0.01 <0.01
TWAT  2.07+0.44 2.15+0.35  1.129 0.2606
R fS A THiF  2.66+0.33 2.4240.42  3.830 0.0002
¢ 9.210 4. 355
P <0.01 <0.01

AR FR D T I00AT BE Al o R e 4R ) BE TR (A
FLAT B8 J@ ) T I B 4l 18 sk 2 RE MR AL B RE S5 44
o o A8 o R A A X G AL G IR T I AE B 25 5
7 BEEHS 25-(OH)D REZE AR ME L E
3

AR TR LI IE WS E 25- 3 484
% D(25COH) D) J S 5 5 b 14 5 7 1 5 R A 5K (A
2). TUMCTE A, 55 % BRI 8 (Staphylococcus) 5
25(OH)D 38 5 A 56 (- =-0. 705) , {0 5 3 2 42 %
¥ TNF-a (r = 0. 823) K M % % (1gA/1gG/C3/
C4) s BEBR BB (Streprococcus) 5 TNF-a B 58 1FEAH &
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