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[Abstract] Objective To analyze 25(OH)D levels and influencing factors in type 2 diabetic patients before and af-
ter COVID-19 infection. Methods A total of 1994 inpatients with T2DM were randomly selected from December 2015 to
September 2017 (before COVID-19 pandemic) and from January 2023 to December 2023 (after COVID-19 pandemic).
These inpatients were divided into the 25(OH) D level-deficient group, the 25(OH)D level-insufficient group, and the 25
(OH)D level-sufficient group. Based on that, we retrospectively analyzed the differences in gender, age, fasting insulin
(FINS), fasting plasma glucose(FPG), homa insulin-resistance(HOMA-IR), total cholesterol(TC), high-density lipo-
protein cholesterol(HDL-C) , low-density lipoprotein cholesterol(LDL-C), triglyceride(TG), uric acid(UA), hemoglo-
bin alc(HbAlc), as well as urine total protein(UTP) in T2DM inpatients with different vitamin D levels before and after

infection with the novel coronavirus. Results The results in patients before infection with the novel coronavirus showed
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that the levels of FINS, HOMA-IR., TG, HbAlc. and UTP were negatively correlated with 25(OH)D levels(P<<0. 05) ,

but age was positively correlated with 25(OH) D levels(P<C0. 05). In addition, the multivariate ordered logistic regres-
sion analysis indicated that changes of 25C(OH)D levels in patients with T2DM could affect the levels of TG, HbAlc, and
UTP, where low levels TG and UTP were considered as protective factors (OR=0.991, P<C0.001; OR=0.899, P<
0.001), but high levels HbAlc were considered a risk factor(OR=1. 002, P<C0.002). On the other hand, the results in

patients after infection with the novel coronavirus showed that the gender, FINS, FPG, HOMA-IR, and UTP were neg-

atively correlated with 25(OH)D levels(P<< 0. 05). However, age was positively correlated with vitamin D levels(P <

0.05). Besides. the results of the multivariate ordered logistic regression analysis model indicated that the differences in

25(OH)D levels among T2DM patients were influenced by gender, age, and UTP levels, where UTP was considered as
protective factors(OR=0. 999, P<C0.001) . but age was considered as a risk factor(OR=1. 023, P<<0. 001). Conclusion

Before and after the infection, the deficiency of 25C(OH) D is negatively correlated with the degree of blood sugar control

in T2DM patients. Low levels of 24hUTP are protective factors for 25(OH) D deficiency. However, the 24-hour urinary

total protein(UTP) levels in patients infected with the virus are significantly higher compared to those not infected.
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2.1 LT A 25 (OH) D K T2DM B # i

AR PEFe A LE 88 R COVID-19 T2DM ##
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Table 1 Comparison of general clinical data and the laboratory tests among type 2 diabetic patients

25(0H)D 434 (n=1 099)

WA = 2 (n=314) AR (n=551) FEH (n=234) L P
EIENE'S) 157/157 283/268 119/115 0.148 0. 929
R () 58.85+14. 66 60.734+12. 78 61.274+11.95 2.321 0.313
FINS(ulU/mL) 13.40(8. 63,20. 81) 11.66(7.10,17.51) 10. 27(5. 95,15. 44) 24.131  <<0.001
FPG(mmol/L) 6.70(5.08,9. 06) 6.61(5.21.8.27) 6.34(5.34,7.72) 2. 062 0.357
HOMA-IR 3.97(2.36,6.71) 3.31(1.92.5. 63) 3.03(1.69,5.03) 22.721  <0.001
TC(mmol/L) 4.34(3.64,5.10) 4.32(3.52,5.06) 4.29(3.72,4.98) 0. 861 0. 650
TG (mmol/L) 1.58(1. 05,2, 37) 1. 45(0.99.2. 26) 1.39€0.99.2.02) 5. 245 0.073
UA (umol/L) 310. 85(259. 28,391. 50) 311(258,369. 90) 305. 50(256. 25,362. 25) 1.122 0.571
HDL-C(mmol/L) 1.20(1.01.1.43) 1.23(1.04.1.43) 1.28(1.07.1. 44) 5.796 0. 055
LDL-C(mmol/L) 3.06(2.27,3.78) 2.94(2.22.,3.60) 2.90(2.33,3.52) 3.292 0.193
HbAlc 8. 60(6.90,10. 30) 8.00(6.70,9.60) 7.60(6.50,9.20) 13. 652 0. 001
UTP(mg/24 h) 36.00(17.75,94. 25) 34.00(12.00,78.00) 37.50(13.75,72. 00) 2. 872 0.238

2.2 LT, T2DM B 25(OH) D 7K 518354 48
R R BAH OG0 SR Spearman AH &0 M 45 B
/8, FINS,HOMA-IR.TG.HbAlc #1 24 h UTP 5 25

A (P<<0.05), W3 2,

#x 2 T2DM RiEHHEIIRS 25(0H)D B Spearman 18 3% 2 4
Table 2 The correlation analysis between the relative factors of T2DM and 25(OH)D

(OH)D 2 X (P<<0.05) 4E# 5 25(OH)D 2 iF

i H PE A FINS FPG HOMA-IR TC TG UA HDL-C LDL-C HbAlc 24 h UTP
r —0.007 0. 067 —0.101 —0.046 —0.093 —0.041 —0.098 —0.051 0. 034 —0.056 —0.105 —0.112
P 0.817 0.026 0. 001 0.125 0.002 0.174 0.001 0. 093 0.262 0.062 <0. 001 <<0. 001

2.3 JEYLRHT, T2DM B 25(OHDD fAH ¢ 5 i [ &
AT LA 25COH) D 7K ¥4 41 R IR A2 4, DLERL IR 2R 43
A et 2508 R AH G 2 A 28 & (RP FINS, HO-
MA-IR. TG, HbAlc 1 24 h UTP) , [ I #5 %1 R A
F £ 4138 Logistic Bl H 43 Y gt 1 IR, 78 BR gL
COVID-19 i, T2DM & 25(OH) D K FE* TG,
HbAlc.24 h UTP A & m, H K /KF TG.24 h

B ot E X (P <0.05), L% 4,

x3 AFZHE Logistic MASHTER

Table 3 The results of ordinal logistic regression analysis

F 25(OH)D S =41 178 #1](19. 89 %) ; AN JE4H 452 il
(50.50%) s F )L 4H 265 11 (29. 61%), 3 £H B HM 51 .
A FINS.FPG,.HOMA-IR 1 24 h UTP [ % 51y

LgE| B Wals  OR 95%CI P
UTP % 25(OH)D {471 5 (OR 435 :0. 991.0. 899, FINS —0.009 2.125 0.123  —0.020~0.003  0.145
¥ P<<0.005), HbAlc 2 25(OH) D f& [ N % (OR = HOMA-IR  0.002 0.011 1.223  —0.026~0.029 0.915
1.002,P<<0.001), WL 3, TG ~0.107 8.126 0.991 —0.180~—0.033 0. 004
2.4 IS, AR 25 (OH)D K E R T2DM & # i HbAle  —0.081 9.755 1.002 —0.131~—0.030  0.002
24 h UTP  —0.002 12.873 0.899 —0.003~—0.001  <0.001
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Table 4 Comparison of general clinical data and the laboratory tests among type 2 diabetic patients
SiH _ 250D 7341 (n=895) ] 2 p
Bz 4 (n=178) REA (n=452) 7o U (n=265)
e (5 /2o 80/98 257/195 176/89 20. 144  <<0.001
R () 58.90+15. 14 59.64413. 32 62.93+11. 74 9.634 0.008
FINS(ulU/mL) 11.88(7.42,18. 34) 9.78(5.50,14.87) 10. 24(5.57,14.99) 10. 768 0. 005
FPG(mmol/L) 6.71(5.26,8.84) 6.51(5.30,8.19) 6.06(4.95,7.87) 8.418 0.015
HOMA-IR 3.40(2.05,6.05) 2.79(1.55,4.68) 2.75(1.48.,4.57) 12. 393 0. 002
TC(mmol/L) 4.28(3.52,5.12) 4.40(3.60,5.05) 4.26(3.60,4.95) 1. 304 0.521
TG(mmol/L) 1.39(0. 96,2.13) 1.40(1.00,2.12) 1. 26(0. 89,2.04) 4.024 0.134
UA(pmol/L) 304. 0(234.75,373.50) 297.50(242.00,362.75) 310(248,383) 3.053 0.217
HDL-C(mmol/L) 1. 18(1.02,1. 35) 1.22(1.06,1.40) 1.22(1.05,1.47) 4.096 0.129
LDL-C(mmol/L) 2.50£0. 90 2.47£0.79 2.44+0. 84 0. 260 0.771
HbAlc 8.60(7.20,10. 80) 8.30(7.03,10.10) 8.10(6.95,9.85) 3. 681 0.159
UTP(mg/24 h) 122(63,432. 50) 85. 00(50. 00,157. 75) 85.00(56.00,151. 50) 23.129 <<0. 001

2.5 JEYL)E, T2DM & 25(OH)D K 510 HHPETE
P B 7 SAH OC A0 BT 8954 T2DM 4 1) LDL-C 4§
PR A IES .5 25(OH)D BYAH S E R il Pearson
AH 43 #  F 91)L 4E i L FINS, FPG, HOMA-IR, TC,
TG.UA.LDL-C.HbAlc #il 24 h UTP A& IEA4>

fii , 25 25(OH) D By #H &P K FH Spearman A 3¢ 43
Bro MO ES R BoR AE IR 5 25 COHD D &2 IEAH ¢
(P <0.05), ¥ %, FINS, FPG, HOMA-IR #1 24 h
UTP 5 25(OH)D £ fAHXE (P<<0.05) ., W5,

£S5 T2DM RiEEIEIRS 25(OH)D &Y Spearman 8 3%t 43 #f
Table 5 The correlation analysis between the relative factors of T2DM and 25(OH)D
0 H P51 AE FINS FPG HOMA-IR  TC TG UA HDL-C  LDL-C HbAle 24 h UTP
r —0.149 0.093 —0.069 —0.094 —0.096 —0.020 —0.055 0. 048 0. 063 —0.024 —0.061 —0.124
P <<0. 001 0. 006 0. 040 0. 005 0. 004 0.558 0. 100 0. 150 0.059 0.471 0.067 <<0. 001
2.6 JEGYE . T2DM 4 25(OHDD MMM AR SGBORGBI R . 2019 4537 e 5 17 1 K LK B e i 75

ST URHEZESM BRI 8 XHHEHEE A
A CHPPE 31 L 4F #% L FINS, FPG, HOMA-IR #1 24 h
UTP) ., A8 # R A )7 £ 43 2% Logistic 8115 40 #r
FEAY, 5B &Y COVID-19 5 T2DM H #
25COH)D /KX 5] AR 24 h UTP A, Ho
/K3 24 h UTP & 25 COH) D f#£47 H £ (OR =
0.999,P<<0.001), 4E #3425 COH)H D & & I &
(OR=1.023,P<<0.001), W% 6,

K6 BHFZHE Logistic AN HER

Table 6 The results of ordinal logistic regression analysis

TiH B Wals OR 95%CI P
) —0.746 30.292 0.474 —1.011~-0.480 0.098
AR 0.023 20.989 1.023 0.013~0.033 <<0.001
FINS —0.017 1.731 0.983 —0.043~0.008 0.188
FPG —0.055 2.688 0.946 —0.122~0.011 0. 101
HbAlc 0.032 0.619 1.033 —0.048~0.113 0. 432
24 hUTP —0.001 45.065 0.999 —0.002~-0.001 <0.001

3 itig

2020 AFWATHR = PH A T WoR T E 2R 4
BROVH DR i B B B DA K B B R 2 i R R R
AP 2 005 AR A IR AR B ] 5 i DR T Y 40
B, B AR KB T2DM i B A BEAE B A

XA 2 95 1) B2 ma AF 98 20 R 2R % . Ok I 24w AT ]
A DA REAR T 568 9 2 SR e R AT T KU B4 2 S T A it
HHEA T EE ML X,

25(0H)D & AR T EIeHE fF Ak E 2
(A AE FE i T 2 25 C(OHD D3, BEf% BL I 4E F HL A
FagE . 3 AR R AH SC I s R LR B Y 25
(OHD D AR 55 AU PR B2 B W 1052 38 2 1 A% G o 1)
R %Y, Rhodes Z 5 K3, 25(OH)D Bt =
5 COVD-19 Wy E B EEAFE W R R, X AR R 7]
RETH o £ 5 RR O A R T L ACE2 32 44 3 3k i il A4
WS T BRI R, F 3 COVID-
19 B EERE T 2019 AF & AR LRI ILHE. 5 A
RAA% 25 COHD D K AR T B 2 A AH X M. Ik 25
(O D RZA&EE COVID-19 2 [8] #5¢ & 78384 5 fa N\ RE
AL Ry B, W5 B A OB DRI | IR
FUIEBE B4 (1) COVID-19 ™ & A JE ML T- R .

2021 AFEAE G A BT HEAT A — I [] JBT 4 A
WA ZE 7 & B, 335 fi) COVID-19 3 17 25(OH)
D PR AR TR, H 25(OH)D k=
R R 5 I IR G i 1Y G T R R IEAH DG, 25 (OHD D
TR AR 3 e 24 S 1 B 5 L 40 L [ A S RN ) B R
BE3X 3 Al L B AR COVID-19 % 2 e KU, BF
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G R B 6 AR Al i COVID-19 $8 R JC M 22 3 A
HHFATIRER 25 (OHD D 215 73 e s PR gL 4y 7 2
—. FERAAR 332 NFEEREF L, 25 (OH)YD A DL
AR NG COVID-19 Hirp 25 % 3 R i1 6 3k K S, 7T
LI E A 70 % T fE .

24 h UTP J2& AT DL s o R s 28 25 B DR 450 38 19 s
RAEFR . WGl %Y &, 24 h UTP 5 25(0H)
D Z i) B A5, 25 (OHD D /] LR G il d 7k F | ol 3%
i 5 KBTI S8 KT R AR . X 5 AR
W5 H 24 h UTP f1 25 COHD D AIA M R A
T2DM B35 7 8% 4 8 AU st R6 B 17 )5 . 24hUTP &5
25(OH)D ¥ 2 AR ¥ 25328 Logistic B4 53 #r
BRI R 24 h UTP ¥ R4 . 80m AR 55 A
,25COH) D 0] LI EA il B R L ol B /N R 08 45
Tyfig » WT X B IE AT LR B VR 5 B BIE TR A] 4 A R 2
25(ODDEH S B Z—.

AR TEAT — 5 1 Jey B - O oA 15 8 A M DR s 41 4
Sk e BEC, AN BE B A 3 R RS R 25 COHD D /K- 5 &
YR R IR R 1 O R . QARWESE Ay [ B B 5E, AN
REFRZ 25(OHDD /K225 4k 5588 PR o 58 5 A B e i 7Y
TORRRERTE R IE R E N CR ., OABG e & B
P T L oA 25 b8 b R 2 N i AN IE I 08 I O 4 R
5, DA I ke 5 BT R o 2 T T A Y A
PEAF 5T DA E— 25 HR0K
4 it

TR 1 5 R B 6T T2DM i 25 (OHD D
KW B — s sg . YL HTJE . 25 COH) D 1 6
Z 5 T2DM I f 35 br f BE 3 52 60 A G . B i /s IR
KB 24 h UTP #02 25(OHDD 47 [ K L (H R G
JEEBFE M 24 h UTP ARG B H BT+,
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