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FIR BRI BE R R BX 1%
%%, FR, wmAE
(¥l N REREFEFFR, 28 D1l 243099)

BH: R4 ED[25(OH)D] 528 B R J% (type 2 diabetes mellitus, T2DM) & IFHFA K
HAR MR & (Hashimoto’s thyroiditis, HT)EH IMIRIEIRZ M A CHC, Fik: EWT2DMA IFHT &
. T2DMBH Mg FRIAR# 45 1000], WA B A WX R BVAERS . Mol B R E T
AL, K 2s B2 M A (fasting blood-glucose, FBG). IMJE. FFDIEE. MEfbIM 4l & H (HbALc) . WEE
— LR R B2 (free triiodothyronine 3, FT,). U7 & FURARE % (free thyroxine, FT,). {2 F ARAR
# % (thyroid-stimulating hormone, TSH). HUIRIE T E ALY HFPUAK (thyroid peroxidase antibody,
TPOAb) . HUIRIRER S (A HTIA (thyroglobulin antibody, TGAb) }25(OH)DMIKE, #£%25(0H)D S
IR bR Z R B SCIRME , JF ELR FH rp A 8O0 B B A3 A Horp T BE R e Y IR . SR T2DM+HTH
1, HbAlc., CJZ M2 1 (C-reactive protein, CRP), TPOAb, TGAbMXTG525(0OH)D¥ 5 i
*, %%EHE%EEE@?(high-density lipoprotein cholesterol, HDL-C)525(OH)DE IEH K, 7E
25(OH)DFE HbALFEME A FE P, CRPAMF 1720.04% 19500 ; AL, HbALA S T 25(OH)DFEAL
TGAbIT FEH112.04% RN . 458 : 25(OH)DM I T2DM & I HT B Z BRI 3 ® , CRP A HbAICTE
Hodferh s 2R .
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Association between 25-hydroxyvitamin D and thyroid

function in patients with type 2 diabetes mellitus combined

Abstract
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with Hashimoto’s thyroiditis
FANG Fang, LI Gang, TANG Huaping
(Department of Geriatric Medicine, Maanshan First People’s Hospital, Ma‘anshan Anhui 243099, China)

Objective: To explore the association between 25-hydroxyvitamin D [25(OH)D] and clinical indicators in
patients with type 2 diabetes mellitus (T2DM) combined with Hashimoto’s thyroiditis (HT). Methods: We
selected 100 patients with T2DM combined with HT, 100 patients with T2DM and 100 healthy subjects, and
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collected general data such as age, sex, height, and weight of all study subjects, and measured fasting blood-
glucose (FBG), blood lipids, liver function, HbAlc, free triiodothyronine 3 (FT},), free thyroxine (FT,), thyroid
stimulating hormone (TSH), thyroid peroxidase antibody (TPOAb), thyroglobulin antibody (TGA), and thyroid
glucose. We also explored the correlation between 25(OH)D and each group of indicators and analyzed the
possible mediators among them using a mediating effect model. Results: In the T2DM + HT group, HbAlc,
C-reactive protein (CRP), TPOAb, TGAb and TG were negatively correlated with 25(OH)D, high-density
lipoprotein cholesterol (HDL-C) was positively correlated with 25(OH)D, and CRP mediated 20.04% of the
effect of 25(OH)D in causing a decrease in HbAlc. Meanwhile, HbAlc mediated 12.04% of the effect during
the reduction of TGAD due to 25(OH)D. Conclusion: 25(OH)D affects disease progression in T2DM + HT

patients, with CRP and HbAlc playing an important role in the process.
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REA “ved” M “mediation” , KM P<0.05 K2
FHGIE XL,

2 /R

2.1 —fRER

SR . K EFE % (body mass index,
BMI)., FBG, HbAlc, FT,. FT,. TSH.
TPOAb. TGAb. 25(OH)D J% i % FF g & 14 AH [#]
[ (high-density lipoprotein cholesterol, HDL-C)[#
Z S E G E X (¥P<0.05), 13ZH AR .
CRP. LDL-C, TC. TG. ALTXASTIH 2 F ¥
Giitef i X (HP>0.05, #1),

2.2 340 25(0H)D 5—fZi5trE0tE AT

TEControl4l ", 25(0OH)D 5 AR — k5 Fr1
K KA FTE(P>0.05), 7TET2DM4 ', FBG.

F1 38— A RIITLE (n=100)

Table 1 Comparison of general data among the 3 groups (1=100)

HbA1c M TG525(OH)DE M A%, HDL-C5
25(OH)D & IEAH 5 (P<0.05), FET2DM+HTHH,
HbAlc., CRP, TPOAb, TGAbMKTGL25(0OH)D)
A5, HDL-C525(0H)DE IEAI2E(P<0.05,
#2),

2.3 34 ANEh 25(0H)D XK NSRS T
£ E A5 HT

¥2s(OH)DEN A AR, FEH . I
JBMIAE Jp Up A8 B0 AR AL 363 (1948 & 4y
AR Ry PR AR &, gy ) AT M I b .
T2DM#H, 25(0OH)D/KF4 ETF1 ug/L,
FBG/KFF&{%0.12 mmol/L, HbA1c/KF &K
0.05%(P<0.05); FET2DM+HT4 H, 25(OH)D/K
4 EFH1 pg/L, HbAlc/KFF#1K0.06%, CRPIK
- [#40.10 mg/L, TPOAb/KF[4{11.34 U/mL,
TGADb[£1£59.28 U/mL(P<0.05) .

WiH Control4f] T2DMZH T2DM+HTZH F P

PERN (S /%) /191 36/64 56/44 40/60 — 0.010
AW/ % 57.43 + 14.88 59.43 + 13.43 55.78 + 12.61 1.78 0.170
BMI/(kg/m’) 22.66 + 3.77 24.71 + 3.18* 23.64 + 4.09 7.64 <0.001
FBG/(mmol-L™") 4.78 + 0.60 9.00 + 3.17* 6.66 +2.91* 71.23 <0.001
HbAlc/% 5.41+0.53 8.77 +2.10* 6.92 + 1.74* 110.30 <0.001
FT,/(pmol-L™") 4.68 + 0.66 4.52 + 1.00 6.25+7.01% 5.43 <0.001
FT,/(pmolL™") 16.42 +2.83 15.36 +2.30 19.03 + 17.64° 3.29 0.040
TSH/(mU-L™) 2.75 + 3.35 2.62 +1.74 12.16 + 26.64*° 12.40 <0.001
TPOAb/(U-mL™) 10.95 +27.37 11.04 +5.12 306.65 + 219.85* 178.00 <0.001
TGAb/(U-mL™") 13.74 + 15.35 8.07 + 5.02 907.53 + 1107.89*" 57.56 <0.001
25(0OH)D/(ug-L™) 20.64 + 7.72 20.40 + 6.94 19.04 + 6.30° 3.65 0.030
CRP/(mg-L™) 2.41 + 3.45 3.71 + 6.94 2.95 +4.19 1.72 0.180
HDL-C/(mmol-L™") 1.40 £ 0.31 1.12 £ 0.31* 1.18 + 0.30* 13.90 <0.001
LDL-C/(mmol-L™") 2.61 + 0.83 2.65 + 1.05 2.36 + 0.94 2.72 0.070
TC/(mmol-L™") 4.60 + 1.08 4.61 + 1.45 424 +1.24 2.70 0.070
TG/(mmol-L™") 1.48 +0.83 1.94 + 1.84 1.90 + 1.96 2.53 0.080
ALT/(U.L™) 20.27 + 16.60 28.17 + 43.19 26.71 + 26.64 1.87 0.160
AST/(U.L™) 24.57 +16.26 22.66 +24.56 25 +14.55 0.43 0.650

EjControld#H ., *P<0.05; S5T2DMZHAHEL, “P<0.05,

Compared with Control group, *P<0.05; Compared with T2DM group, "P<0.05.
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F232025(0OH)D 5 —AZIEtRIUME R IE S 1T

Table 2 Correlation analysis between 25(OH)D and general indexes in 3 groups

ControlZH T2DMZH T2DM+HTZH
ARt
r t 2 r t P r t 2

AR 0.16 1.59 0.11 0.15 1.51 0.13 -0.02 -0.20 0.84
BMI -0.02 -0.23 0.81 -0.14 -1.41 0.16 -0.03 -0.27 0.79
FBG 0.08 0.87 0.38 -0.35 -3.69 0.01* -0.1 -1.06 0.29
HbAlc 0.05 0.45 0.65 -0.21 -2.16 0.03* -0.22 226 0.03*
CRP 0.01 0.12 0.91 -0.09 -0.98 0.328 -0.22 -1.69 0.02*
FT, 0.15 1.49 0.14 0.16 1.61 0.11 -0.03 -0.31 0.75
FT, 0.06 0.62 0.54 0.08 0.49 0.43 -0.03 -0.33 0.74
TSH -0.06 -0.55 0.59 0.03 0.32 0.75 -0.09 -0.99 0.32
TPOAD -0.08 -0.75 0.46 0.06 0.65 0.52 -0.32 -3.39 0.01*
TGAb -0.08 -0.80 0.42 -0.16 -1.59 0.11 -0.32 -3.37 0.01*
HDL-C 0.13 1.26 0.21 0.22 227 0.03* 0.24 2.52 0.01*
LDL-C 0.05 0.51 0.61 0.14 1.41 0.16 0.15 1.48 0.14
TC -0.05 -0.48 0.63 0.01 0.09 0.93 0.16 1.62 0.11
TG -0.15 -1.53 0.13 -0.25 -2.51 0.01* -0.22 -2.26 0.03*
ALT 0.04 0.41 0.68 0.01 0.07 0.95 -0.03 -0.30 0.77
AST 0.02 0.23 0.82 0.04 0.41 0.69 -0.07 0.72 0.48

5 Controld#I L, *P<0.05,
Compared with Control group, *P<0.05.

3 32H25(OH) DX MIE PR LA AY & TR M B 13 4 4

Table 3 Multiple linear regression analysis of the influence of 25(OH)D on the detection index in 3 groups of subjects

Control2H T2DMZH T2DM+HTZH
ARt
B (95%CI) P B (95%CI) P B (95%CI) P

FBG 0.01(-0.01~0.02) 0.89 -0.12(-0.21~-0.04) 0.01 -0.04(-0.13~0.15) 0.33
HbAlc 0.01(-0.01~0.02) 0.81 -0.05(-0.12~-0.01) 0.05 -0.06(—0.11~-0.01) 0.03
CRP -0.01(-0.09~0.07) 0.84 -0.05(-0.25~0.14) 0.59 -0.10(-0.19~-0.02) 0.02
FT, 0.01(-0.01~0.03) 0.18 0.03(-0.01~0.05) 0.08 -0.04(-0.27~0.18) 0.70
FT, -0.01(-0.08~0.07) 0.92 0.03(-0.04~0.11) 0.35 -0.11(-0.67~0.43) 0.67
TSH -0.02(-0.11~0.07) 0.66 -0.01(-0.06~0.04) 0.79 -0.39(-1.23~0.45) 0.36
TPOAD -0.29(-1.01~0.43) 043 0.05(-0.10~0.20) 0.49 -11.34 (-18.06~—4.36) 0.01
TGAb -0.10(-0.51~0.31) 0.64 -0.13(-0.28~0.03) 0.10 -59.28 (-95.03~-23.54) 0.01

DA BRI BRI . AR . BMI,

The above models were adjusted for sex, age, and BML
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2.4 CRP., FBG & HbA1c 7E£ M B3 &Y Fh 47 22

ET2DM+HTA Y, bR th A As e N
KT A B A Rn A R o] LR BLAE25(OH) D
FEHbALEMLW LR, CRPA T T20.04% 1
BN (P=0.04, EI1A); [RIFEHL, HbALA ST

A [BIE 223 4
(95%CI: -0.03, -0.01, P=0.04)

A 20.04%, P=0.04

FLHUY

25(OH)D

(95%CI: -0.08, 0.01, P=0.12)

C EEE25 A
(95%CI: -0.05, -0.01, P=0.01)

A EE: 30.01%, P=0.32

NEEE S

25(0OH)D

(95%CI: -0.15, 0.05, P=0.60)

El1 CRP. FBGRHbA1CTES: M A I M 3

25(OH) DR TGAbL 2 H112.04% BY 5L (P=0.05,
K 1B), fE25(OH)DMEFBGH L, CRPIR
REHAAEN (P=0.01, K1C), MAE25(0OH)D
FEMTGADW L B, KRAMFBGTEH A AEH
(P=0.88, K1D),

B [BIE 223 4
(95%CI: -17.62, -0.18, P=0.0S5)

AL 12.04%, P=0.05

FLHUY

25(0OH)D

(95%CI: -86.93, -14.92, P=0.01)

D [EEE25 A
(95%CI: -3.71, 2.67, P=0.88)

i 1%, P=0.88

AR

25(OH)D

(95%CI: -89.18, -34.87, P=0.01)

Figure 1 Mediating effects of CRP, FBG and HbAIc in linear regression

(A)CRP7E25(OH)DFF{IRHbALc F I /840 5 (B)HDALcfE2S(OH) DFFIRTCAbIE R H 1 Fh 205 (C)CRPAE2S(OH)D
FEARFBGIE AL A /3407 5 (D)FBGTE2S(OH) DRFIRTCAbIE L i h A 340 o

(A) The mediating effect of CRP in the reduction of HbAlc by 25(OH)D; (B) The mediating effect of HbAlc in the reduction of TCAb by
25(OH)D; (C) The mediating effect of CRP in the reduction of FBG by 25(OH)D; (D) The mediating effect of FBG in the reduction of

TCADb by 25(OH)D.

3 it
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41, FUEFR AR ARG Y, 4k ZDHOA N 2R
PEJHA T, 25 (OH)D &4 ZDIE ANE N 77
ER EEIE A, A A4 R D i I 1 F k
TEAE FHEEAL 25 (OH)D, [ IZ A7 AE T Tk B 40 it 3¢
I, Th1 X Th240/d)jE25(OH) DAY B 41 i,
Thi40 &% B B 8 AR 58 SRR 9 o i 17 1K

o, BERLIL-2. TNF-a%5 RAEH T, e HE5R 0 A&
AL R R, Th2&4rWIL-s, #F—2 w4
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() K SF- 22 8 AR FIE % ARE, 25(OH)DA] LI
TYN A 5 . o fl, W RGEN F = A,
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FPIR AR AR . sh I U op AR 2 BA 4
KEDMEBA TN A B ek AR R R KB Th/
Th2 40 e A, WU ORI G B B ey i e, f
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By ZACHTHG A A . 25(OH) DK1Y R R
SRR p A M T g kb TN EIIR S, JF BT
Ik [ 2 G S8 48 403 3 JR % B A IS P 43 WA D RE R B, T
JB K% B 40 B Ty BE T Re R 2E — 20355 B DR K A
IS HE AT UK BT 25 (OH ) DI A 5 8 IR
B R E ARG, AR R E/R: T2DMA
HFBG. HbAlc525(OH)D ¥ & W 2 7 41 %,
25(0OH)D%: I F+1 pg/L, FBGR#{K0.12 mmol/L,
HbA1cf1%0.05%, AlQuaizZ:!" 7 fE — I A\ BERF 5T
A TR, Nk, fhE4EE R DAL
HamAR N 25 (OH) D & &, JE i 75 5% 77 p 4il i
DIfie, WO 2 W, A R0 R R B
I A e

HEiE A ZUAX25(OH)DX T2DM X HT
PR A AL ST, T OC T LE 2S5 (OH) DX
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T2DMZ B 1 RAR S & B St — 22 Iniil2s(0OH)D
X HT 00V 46 B 1) 52 e 72 B v AR M. ASBF e 45 R B
/~25(0OH)DEHbAIc, CRP, TPOAbM TGAbE
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RV AT T HP e E FHALE], 45 R & 8. CRP
AR T 25(0OH)D 8 HbALc, FBGFEMLHY it
FEH120.04% . 30.03% AN, [FIATHbALA T T
25(OH)DFFIRTGAbIL T2 H1 12.049% [N o A S
F2 LW . 25(OH)DA I T HUIR I 24 2145 5 1F
WIS, FEEAY25(OH)D AT LLFEAK I3 TPOAD |
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BERIZE, HPLTGAbRY = A2 Wik, ABFsess
PR CRPIEAN—FRAEH F, #£25(OH)DYEH
TT2DMAG IFHTE R it f v R R 2 .

e 205 & . T2DMA I THE 5 13
25(OH)D/K -8 AKX FT2DMH , I H B A &k
ERITSHA TPOAb, HbAlcET2DM M B 2 I W 5
bR, TET2DMAIFHTAF, HbA1ARE THLIAME
WK, S5 CRPEIEAAIG, Fovk BBk = 22 B 9 MR
AAN R FATE i A kR R A S H HbA T
J£25(OH) DM TGAbK Ay — A8 78 1) b A (A
T, BRI R L M2S(OH)DIMTSH ., FT,. FT, M
TPOAbLFE P AR, 45 e 2 0 2 ny i ¢ it
— S BRR I I, EIREEAR B/, AR T
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