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BRI (AST)  JHEEEERS (CHE) S CAFRR. 1% HbA1c7.0% M 747
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Abstract

Correlation Analysis of Serum Vitamin D and Trace Element Zinc Levels

with TyG Index in the Elderly with Type 2 Diabetes Mellitus

Objective:

Insulin resistance (IR) is the core link that causes a variety of metabolic diseases,
including type 2 diabetes mellitus (T2DM). IR is more common and complex in the
elderly with T2DM. Several studies showed that the triglyceride glucose index (TyG
index) could be used as a metabolic indicator to evaluate IR. The purpose of this
study was to investigate the relationship between serum vitamin D and trace element
zinc levels and TyG index in elderly patients with T2DM. Serum vitamin D and trace
element levels in elderly patients with T2DM were detected, demographic data and
clinical laboratory indicators were collected, and the differences of laboratory
indicators in elderly patients with T2DM were analyzed stratified according to gender,
glycosylated hemoglobin level and vitamin D level, and then related factors affecting
TyG index were analyzed to establish a multiple linear regression model. To provide

a theoretical basis for accurate therapy in elderly patients with T2DM.

Methods:

In this study, 201 elderly patients with T2DM admitted to a Department of
Geriatrics, the First Bethune Hospital of Jilin University from July 2021 to November
2022 were collected as research objects, and basic information was collected by
self-made Questionnaire for Elderly inpatients with Basic Information. Fasting serum
trace elements zinc, copper (Zn, Cu), peripheral blood fasting blood glucose (FPG),
glycated hemoglobin (HbA1c), 25-hydroxyvitamin D[25 (OH) D], serum calcium ion
(Ca?"), triglyceride (TG), total cholesterol (TC), low density lipoprotein cholesterol
(LDL-C) and high density lipoprotein cholesterol were determined (HDL-C), serum
creatinine (Scr), serum uric acid (UA), serum albumin (ALB), alanine

aminotransferase (ALT), aspartate aminotransferase (AST), cholinesterase (CHE) and
\Y%



other related biochemical indexes. According to HBA1¢7.0 %, they were divided into
good blood glucose control group and poor blood glucose control group. According to
serum 25 (OH) D level, they were divided into vitamin D non-deficiency group and
vitamin D deficiency group with 20 ng/mL. Demographic data and laboratory
indicators were compared, respectively. The correlation between vitamin D, trace
element Zn and TyG index in elderly patients with type 2 diabetes mellitus was
analyzed, as well as the possible factors affecting vitamin D and TyG index in elderly
patients with T2DM. Then, variables related to TyG index were screened, and heat
maps and linear correlation maps were drawn by GraphPad Prism9. Multiple
independent variables were selected according to correlation results and clinical
experience, and TyG index was used as dependent variable to conduct multiple linear

regression analysis.

Results:

1. Serum 25 (OH) D in male patients was higher than that in female patients,
while serum trace elements Cu, TC and HDL-C were lower than that in female
patients, the difference was statistically significant (£<0.01). Serum ALB in male
patients was higher than that in female patients, and the difference was statistically
significant (P<0.05).

2. Taking HbAlc as the basis of grouping, we found that serum 25 (OH) D level
in well-controlled group (HbA1¢<7.0%) was higher than that in poorly controlled
group (HbA1c>7.0%), and the difference was statistically significant (P <0.05).
Compared with the poorly controlled group, the serum trace elements Cu, AST, ALT
and TyG indexes in the well controlled group were lower, and the difference was
statistically significant (P <0.05).

3. Serum 25 (OH) D was used as the basis of grouping. Compared with the
vitamin D non-deficiency group [25 (OH) D>20 ng/mL], the index of HbAlc, trace
elements Cu and TyG in the vitamin D deficiency group [25 (OH) D <20 ng/mL]

were higher, and the difference was statistically significant (P <0.05). Trace elements



Zn, ALB and eGFR in vitamin D deficiency group were lower than those in vitamin
D non-deficiency group, and the difference was also statistically significant (P <0.01).

4. Bivariate correlation analysis showed that serum 25 (OH) D and HbAlc, trace
elements Zn and Cu, AST, ALB, eGFR, HDL-C and TyG index were correlated (P
<0.05). HbAlc, serum 25 (OH) D, Ca?*, AST, CHE, ALB, TC and HDL-C were
correlated with TyG index (P <0.05).

5. The results of multiple linear regression model showed that 25 (OH) D was an
influencing factor for TyG index in total patients and female patients, but not in male
patients. There was no significant correlation between Zn and TyG index in total

patients, male patients and female patients.

Conclusions:

1. In the elderly with T2DM, serum vitamin D level in women is lower than that
in men.

2. In the elderly with T2DM, serum vitamin D level was negatively correlated
with HbA1c and TyG index, and positively correlated with trace elements Zn and
ALB.

3. The results of multiple linear regression model showed that vitamin D
deficiency was associated with high TyG level in elderly women with T2DM, but was
not significant in elderly men with T2DM. There was no significant correlation
between Zn level and TyG index in elderly patients with T2DM.

4. According to the results of this study, it is suggested that elderly patients with
T2DM can be appropriately supplemented with vitamin D to help alleviate IR,

especially in women.

Key words:

the elderly, diabetes mellitus, TyG index, vitamin D, zinc
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52 3 ARG 1A% B R

JELAEE JELAFR HISC AR

Akt Protein kinase B HHEE B

ALB Albumin HEH

ALT Alanine aminotransferase &R = S e 74 Il
AST Aspartate aminotransferase REARBEH
BDP Vitamin D binding protein HERXDLEEEA
BMI Body mass index B it R 2

Ca?* Calcium ion T

CAT Catalase A E

COPD Chronic obstructive pulmonary diseases iz P [SH ZE P il o
Cu Copper |

CHE Cholinesterase JIEL B i

D2d The Vitamin D and Type 2 Diabetes e D A 2 THE PRI
eGFR Estimated glomerular filtration rate i B NER IS g R
FFA Free fatty acid I 3% 5 i 7 R
FPG Fasting blood glucose 72 I

GRB-2 Growth factor receptor-bound protein 2 K2 AEE-2
GSH Glutathione peroxidase e H I SE A
HbAc Glycated hemoglobin P RIIANESS
HDL-C High density lipoprotein cholesterol R d =g SN il
HOMA Homeostasis model assessment TS AR
HUVECs Human umbilical vein endothelial cells 5 # Ik 1A B 4

IR Insulin resistance ik By 2 AT

IRS Insulin receptor substrate JiR & R AR IR
LDL-C Low density lipoprotein cholesterol IG5 A i [
MAFLD Metabolic associated fatty liver disease ARUTAH IS g 197 14
MDA Malondialdehyde [l
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MT Metallothionein SlEmEA

PG PR AR

mTORC2 Mammalian target of rapamycin complex 2 AL R ISR E AT Sk 2

PDK1 3-Phosphoinositide-dependent protein kinase-1  3-fi i LB 4 i 1M 2 1 B - 1
PIP2 Phosphati-dylinositol-4,5-bisphosphate T M UL — Wl 1

PIP3 Phosphati-dylinositol-3,4,5-bisphosphate T M R UL — B 1

PTK Protein tyrosine kinase B R

QUICKI Quantitative insulin sensitivity check index JE R 8 ZR R A i 2
ROS Reactive oxygen species TEPEE

Scr Serum creatinine M ALEF

SOD Superoxide dismutase ) B

TC Total cholesterol U JH [

TG Triglyceride H = A

TyG index Triglyceride glucose index H I = 8- A R A
T2DM Type 2 diabetes mellitus 2 UK PRI

VDR Vitamin D receptor e D 24K

ZIP Zinc transporter P

Zn Zinc BE

ZnT Zinc Transporter PRI A

25 (OH) D  25-Hydroxyvitamin D 25-FREAEAER D

1,25 (OH) ;D 1,25-Dihydroxyvitamin D

1,25- "3 RE4EHE D
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NRZ BT AR IR, B N FFUH Ay i35 IR A & e i e
1€, PEZBOA TR EE N . 21 e R IE N 28 h i Bt e i,
Tt 2 2050 4, FLEZFEN D BT 30%, b 20%LL ERZEGFE N ERE IR
B . ERE, ZERERGRIRTRTE 60 & UL LRoRE IR B, Hhafe
FEHART 60 2 LU RIREWI, 2915 70%H1 60 % LARTHHIZ I, 215 30%. >95%
(K24 N 2 BUREIRIR (type 2 diabetes mellitus, T2DM) . FRE Z4EHE RIR
BAETIFIRZE LW LR TT 2R AR, MBS SRS R KE A ELAE, 5
EHZFIRRE, DRI SR 2 A R 7T, A BT B itk e, $i2
EURE AR TR, PR RS PR B0 B

T2DM & — 41 T 5 2 /AT (E0 FIF A5 51 S LA P o b R A
PRIV , 73 DRI A G 52 4, KT e LA ROV FH R 25 R WL tH I 2 RGudn
SECOME. M. EIE R SRR SH U BRI AT AR, iG]
ThRe s b H 2 2 B s . H T 70 I I B 3040 WARR A 3 S a8t A R 34 )
R ZFZ T R E R 5 KRR ZH52m . AR HCPT (insulin resistance, IR) &
THI R LR i B 2R P RURE T e, JERR B AN A A P 2 U T 22 i 5 2 A v
i By 2 MRE, DAYERREOR N UBE-P- . 48K 240 T2DM F7E—E 2% IR, IR 7EHE
PR S ot RORE R R AR R S v B AR, BRI T ke o 1 IR 23R
AT T T i 0 X e —

VLA SR IGT & T g 72 B PRI A F AR DG 0 2 U 575, B AL AT T T 4
BETIR B PRI B B IRIATT . AWAURY, 4EAE R D MR o R B e Gs
BRI IR AT BB . 4i4 R D Bz & — Mg e i i, oA
ZAWEIR A N . AR DR N — MR PR ER T D 4 ) i R
SIS 5 S ROE R, (R 32 2 AR 10 AL OFH IR B 38 i, 345 S0 A
AU R B R IORURNE, TR IR AR AR R MR E SRR, 2
BEFI &R E AR 7, S52MAEY¥ . REMAERYN, BfabkiEs
T2DM HAARSGHE . BEn ARy < B B FA M 58 (518, RN A RS
A5 S S PRI DG T UHE 5@, Mt IR, BER4EERD
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FOBESS) B IS R B3 IR R, SUblRIeS, BWFfiRM4E4E R D vf LA
TR BRI ISR, RIS R RATE S T2DM B E 44 % D RifdE o &
BERKCP R BN, 32 T Aeid i 2L A AR e B R G IR AR
F o IR AE 046 T2DM 7E N (1 2 P A 00 ) 36 Rl Fa b R 26, R AR LI A2 4
HATiHE2H IR FIO7EAIRZ, HodH il =8e-# & fE 52 (triglyceride glucose
index) , B TyG $8EU/EA—FAEH 5 TSRS, TR 2R H S5If K
LRI SR TyG FREUS 1E 0 Shre” I b 5 2= - IEFE A JCBEARAH
FLAT e v (A R AR S o DRI ASHE 5 3 B e PP A% 44 % D R4 5 T2DM
B TyG 1550106 ZORIR AL 4EAE 5 D RV HIE R 52 5 ZEHEHT DA B 424k 7K
FHIEEA .

I PR S e B KRG AT 78 2 B, T2DM S — b BoA s B S s e s, L
BRI KT M EE ORI . RIEZ BRI, 24 T2DM ABHE KR
W, BN RE R R EE . 4 T2DM B R, R,
SO (O PR % 3 R BLRE 7 2« AR UFE XU =y 2 38 2455 R
B PR3 SR B T BRI, B S B AR R M R R R R
KA, NG Z4 T2DM BF M4 S B RS N E .,
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