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Value of iron deposition in different brain regions combined with
triglyceride—glucose index and neutrophil-lymphocyte ratio in

predicting cognitive impairment in elderly patients with type 2 diabetes
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(1.The First Clinical College of Anhui Medical University ; 2.Department of Medical Imaging ,
Anging Municipal Hospital ; 3. Department of Geriatrics ,Anging Municipal Hospital )
[ Abstract] Objective : To investigate the association of triglyceride—glucose index (TyG) and neutrophil-lymphocyte ratio(NLR) with
cognitive impairment in elderly patients with type 2 diabetes, as well as their predictive efficacy and the mediating effect of magnetic
susceptibility values of gray matter nuclei between them. Methods : A total of 209 elderly patients with type 2 diabetes were enrolled,
and according to Montreal Cognitive Assessment score, they were divided into cognitive impairment group and non—cognitive impair-
ment group. The two groups were compared in terms of clinical data, laboratory data, and quantitative susceptibility mapping param-
eters. A multivariate logistic regression model was established to investigate the independent risk factors for cognitive impairment ; the
partial correlation analysis was used to investigate the correlation of TyG and NLR with each cognitive domain in the cognitive impair-
ment group , and a mediating effect analysis was performed ; the receiver operating characteristic(ROC) curve was used to assess pre-

dictive efficacy. Results: The cognitive impairment group had significantly higher TyG and NLR than the non-cognitive impairment

group (P<0.05). The multivariate logistic regression analysis showed
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that TyG and NLR were independent risk factors for cognitive
impairment. NLR was negatively correlated with visuospatial and
executive function (r=—0.425, P<0.001) , while TyG was negaltively
correlated with delayed recall (r=-0.372, P=0.008) , attention (r=

5 AR : hitps:/Mlink.cnki.net/urlid/50.1046.R.20260302.1054.014 P=0.009). The mediating effect analysis showed that iron deposition
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ing effect on the relationship between NLR/TyG and cognitive impairment, while iron deposition in the caudate nucleus only exerted a

partial mediating effect on the relationship between TyG and cognitive impairment. In predicting cognitive impairment, NLR or TyG
used alone had an area under the ROC curve (AUC) of 0.753 and 0.822, respectively, while the combination of NLR and TyG had an
AUC of 0.901. Conclusion : Increases in TyG and NLR are closely associated with cognitive impairment in patients with type 2 diabe-

tes, and the combination of NLR and TyG had a better predictive performance. Iron deposition in the central nervous system exerts a

partial mediating effect on the relationship between TyG/NLR and cognitive impairment.
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i H INHIBES4 (n=102) N AR 2H (n=107) PR AL PAH
AR (%) 70.00(64.75,73.00) 70.00(65.00,75.00) -0.415 0.678
il 0.047 0.892
5 49(48.0) 53(49.5)
‘S 53(52.0) 54(50.5)
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R 21 1.105 0.776
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357} 3.770 0.287
XHE 20 16
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g () 46 42
K (K%) 4 10
BIM (kg/m?) 2451 +£3.35 24.03 +3.16 0.200 0.655
TG(mmol/L) 2.03(1.60,2.87) 1.07(0.81,1.42) -9.096 <0.001
FPG(mmol/L.) 7.30(6.48,9.96) 6.04(4.94,7.50) -5.505 <0.001
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i H IHEERFAL (n=102) JEINHFERFA (n=107) Xz A8 PAE
2hPG (mmol/L) 13.66 + 4.14 12.22 + 3.64 2.655 0.009
HbAlc 7.90(6.97,9.10) 7.20(6.60,8.00) -3.148 0.002
TyG 9.57 +0.54 9.16 £0.73 5.801 0.017
TC 4.16(3.747, 4.70) 4.04(3.12,4.63) -1.507 0.132
NEU 3.80(3.10,4.90) 3.10(2.40,4.00) -4.116 <0.001
LYM 1.470 £ 0.38 1.784 + 0.54 -4.773 <0.001
NLR 2.57(2.20,3.15) 1.77(1.29,2.36) -7.178 <0.001
LDL-C (mmol/L) 2.20+0.92 2.08(1.48,2.60) -0.801 0.423
HDL-C 1.05(0.89,1.30) 1.19(1.01,1.43) -3.151 0.002
UA (pmol/L) 332.89 +94.87 291.69 + 89.53 0.216 0.643
Cr(mol/L) 70.00(59.75,90.25) 66.00(57.00,79.00) -2.199 0.028
MoCA 22(19,24) 28(27,29) —-12.544 <0.001

2.2 NLR.TyG %5 2 B4 k9 ik 4 AF R e 89 % B logistic
)2 5 HF

VIR e AR D B PR AR 4, DA NLR B TyG o A 48
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%2 NLR.TyG 5iA%IFERE KUk #I % B = logistic @34 #7

. 7 1 A 2 57 3

OR(95%CI) P OR(95%CI) P OR(95%CI) P
NLR 1.458(1.114~1.907) 0.006 1.444(1.088~1.918) 0.011 1.400(1.054~1.859) 0.020
TyG 2.938(1.778~4.854) <0.001 3.259(1.876~5.663) <0.001 2.430(1.239~4.768) 0.010
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i IX 51 INAIEERGZH (n=102) TR (n=107) 21! P{i
FR NS Eagll 60.62 +4.23 57.16 +3.16 1.244 0.225
e 60.03 + 4.66 52.76 + 3.45 2.894 0.032
ok aRiLl 66.89 + 4.83 50.60 + 3.50 3.667 0.010
ZE M 70.01 + 3.58 55.61 +4.01 3.328 0.015
B HER i 146.78 + 7.57 114.69 + 5.64 3.950 0.007
e 145.69 + 6.41 138.07 = 4.39 0.804 0.672
Fe i A ) -5.92+2.31 -7.57+1.95 1.840 0.057
Pl 0.28 +2.29 0.96 + 1.93 -1.581 0.076
o eyl ~-1.54+4.01 —6.57 + 4.64 4.005 0.001
Ze M 13.04 £2.68 —12.65 +3.58 5.071 <0.001
HiH Rz 2 £ -13.54+2.53 ~11.66 +2.87 -0.891 0.656
e -15.28 235 -12.96 +2.91 -0.934 0.432
Tt g 2 eyl -10.64 £ 4.25 —12.17+3.55 0.795 0.678
L] -10.03 +4.33 -11.76 +3.22 0.724 0.785
ket iz )2 Eagll -8.62+4.78 -10.16 +3.79 0.736 0.702
] -8.03 £4.65 -10.77 + 3.44 0.896 0.653




— 490 —

BERERKFZR 2026 £55 51 F5 4 #3 (Journal of Chongging Medical University 2026.Vol.51 No.4 )

—1 0
WG pETeed b b b b " .
s = b
- b b a
-0.2
it - b a
% -
SER [l b b b !
-0.4
i = a
MoCA = a b b b a a
T T T T T T -
NLR TYG W Il BEER Fk% kA%
Vo, JORE EATHIGHE, L P<0.055b, #R B# BATHIGE | B P<0.01
2 TyG.NLR5 MoCA J& & i\ M4l 15 4> 48 5 14 #4
25 PR HEAH 0.968" i I -0.743"
LANLR . TyG A8 i, AR 5 3 (R 754 AR IX
. N -3.041° o
AR, P MoCA P43 R R AR 1, A LRI PR 220 e MoCA ¥4y
o N B N .. 4 -_— b
R LR S PRSP R F R A KY o S e KA S bl a7 L3360 -1.539 ~0.935"
AR AT AR AR AT L 455 5%, NLR Ty G % 2 B FR 3 IR R
I A TR (B=— — N s .
AIFAIREREELAT 510 S BN (B=-3.456,8=-6.800, P<  ype oG uop s it o 5 1R FRARBL I REA (BT 5 561

0.05) , 7 & J 45 11 BR X AR TURRTE NLR \ Ty G 55 A IR A 9 5C
AP EGEE] T AR TR X BRDUR, ALAE TYG
SRR RS 9 5 28 R R PR T FeR X B BRTLR
KRB RFER PR W4 K3 K4,

NLR ~2.659 » MoCA W53
0.322" -0.846"
W HER

T ra, NLRXF A8 B0 ) 1 P BR X R AL S (8 HAT B8R0 5 b,
el T NLR 5200 5, 16 S A 1 BR DG Ab SR 0T 2 RO bR & 5F
INHIBE A G R 5 o, 350 T o 8 R KR Tk S AF 14 52
J&i , NLR Xt 2 BV IR & I A B A 25 B0

B b, P T TyG BRI i 8 FBR R ARAL X REAL AR A X 2
TUME PR I NIRRT AT ] 5 o, 0] 198 5 A5 Bk Rk
WX AL A ISR, TyG X 2 B B & A B At 38
2y eIA

B4 TyG52BERABE S IAMERE TN o

2.6 TyG.NLR % # & B & 2F 2 2L SR &1 A 4 152 5349 7
M ANAE

ROC 443 B 48 5 7R, TyG T 2 8088 bR 4 JF A %0
R 5 147 1t £ TR M 0.822(95%C1=0.763~0.881) , e LEAR
fH 4 9.355, H: R AU K 80.4% , H5 5 & K 76.6% ; NLR Uil 2
AU PR IR A D060 B A 00 i 2k T AR 0.753 (95%Cl=
0.687~0.818) , I R W {E A 2.005 , H: R AT 88.2% , 45 57
JE R 56.19% 5 5 35 A5 TOUI DA 240 s 4 %) il 46 T 1T B R 0.901
(95%C1=0.855~0.946) , x££ #% Wi {8y 0.412, FL R B Hy

B3 NLRS2HMRRR &AM T R T 90.2% 55715 4 83.2%. ik FIRLERIFHTAH WA
F4 NLR.TYG 52 BUERF S FHIAM BRI A Ee0
il B 95%ClI SE RO (%)
NLR-MoCA P43 S50 -3.456 -3.172~-4.491 0.138
NLR-MoCA P43 & 1 [R50 -0.797 -0.597~-1.274 0.082 23.06
TyG-MoCA P43 B -6.806 ~5.984~-7.291 0.169
TyG-MoCA P43 S (] 425007 -3.765 -3.481~-4.032 0.117 55.32




BERERKFZR 2026 £5 51 F5 4 #3 (Journal of Chongging Medical University 2026.Vol.51 No.4 )

— 491 —

F1 25 T AR A, R RE e e B iy, UM A RE e K
IJ—‘I—JFE] SC

. ROCHiZk
_ ke
TYG
NLR
0.8 /J Wi T
/I

# 0.6+
%
ﬁ A

044 |

|
024 [/
i
[
0.0 T T T T 1
0.0 02 04 0.6 0.8 1.0
14554k
E5 NLR.TyG RFEBRER 2 BIERR & FIAMERS
SHIRBERY ROC % &
3 %W

TERFSE A IR BULH 2 0487 19 TyG \NLR 5 2
U DRI BE A0 B A 1) XU T A O, Ty G S B B
F HLPL (insulin resistance, IR) f 3 A7 J1 B ACHE bR
EL BRSO AL RE L T & R AP HE 20 IRVE R
2 TRUHE R A% Co R AR 308 Aok BEL A A 5% 2R 2 2l i A
5t F% (blood=brain barrier, BBB) , 4l i 5 fih X4 45 1k |
IR R Tve NI 3= &7 NG 51 B2 s = N S ]
NLR AR — g 8 4 B 59 LE Wb s ), e W]
55 22 P E AR IR I Y TS AN AT K, 48
PEATREE JRAE S 2 BUM IR A8 5 & AE TARI e i 1) o 2
BLA et 4 A 3 2sb 8 e v P b 240 P AR 20 B B
512 BBB 3Z 451, {87 1 1 7% 2 9ok 20> 52 i oA 0 2 EN,
M A1 JE T b 2 40 B 28 2o 52 43 (1) BBB 2 A Hh X i 28
R0, FEINE T kAR | IR R
IRAE A T —a (tumor necrosis factor—a, TNF-a) , 5]
— RIEIEIGIR . 1 T Meta S0 HT 15 1, TyG $5 504
K hn 1A B, TA KN B AT XURS: 5 0 3 A%, Tian N
LI SE AR Ty G F5 80=8.57 MM AR AR T
REAS 7 B, (H A BIFSE4E Y NLR 5 AD Jo ] S AH
KR SR AR SOk W] 2 BUBE PRI A IF A0 i
AR T 221 AR CE T REAS 2 SE R R A G, AR BT
FEAERIAOCIR 4 N R 5, AR S fE 6 A &R .
KRB, TyG 5 NLR BRI 1A~ B4, AT B A XU
I3 BN 2.43 K 1AAE W T 0 il 28 T T AR

35 0.901, I HLAT S48 8 i 12 sl e e i R
FRATC N PEARRE RAEARZ , PT H IN Th RERE A,
PRI X6 1 2K B 3, TyG>9.355, NLR>2.005 i) 75 3
AT I RES A , UGS AT 1

JEHT R 5T T B P TE TyG  NLR 5 2 BURH R
o P DA R ) R S (LD R B i o B 22 40
ZYERE DR SN B OE IR A HRGE TR A
BEACH S AT REA 5 1 PAT DI RE BRBE", AT BIFSE
& ORI 2 IR B BT AT 2 R iE A2 K AT )
AE"!, PE— 2L PRI T BRI , AR AL o0 A 7S
A RN A G, R B TyG 53 E ) ZER 1]
2 T A2 0] 5 PAT I REZ 1014 5%, Tl NLR A5 0%
] 5 PRAT I RESZ 400 5 . oLt A& AR Sy 4 (1]
TERE S M —E 0y, R E S5 s 6] B AT DI RE
4 ST, 12 DX 3 ) g RE A oK, AR T 5 1Y
DIRETELRLAR , ALK N AR B U IR 5C B il - 14
S P 48 (reactive oxygen species, ROS) B9 7= 4=, il
PR 22 T )RR R AR, ] o B S R AR T B BT
Bl Wy AR, 7 AR R A TR 1 R R RE A B T
DI o0 JIEE 450 20 200 i, 552 Wi L ol 283 s P 4% 2% ot
A0 IR I AT 5 | T B 25 4 S 5% k] SRR A T
I ICIZ B E, T BRI /5
2 R T BB [MMZ B A3 18] 5 AT B fig Sl
FTAEN T B , SRR X DA N 4 RO

FURIT G T TR KM 28 S 4 2 del ok 4252 Wi A R
AL 18 S T A S, Ok . REAESE
i H AR 2 TN R 2 OB PR o 22 D RE AR, O
WHFE = Z B SR 28 2, AR PR i 1 QSM L
BRAF X AR # A 689 I R D T A PAT DX 3, A 800
WoRiE S 1 H Bk RIRE X BRDLR AR 73 3 T
TyG X DA B A5 04 52 W) , Gl 0] 32 A4 N A 55.32% , T
13 5 R 45 BRI TR 5 1 NLR XA R A
FEMR BRI 4 0 23.06% , X645 FEH IR | fiki X 2k
DURR AT BB 2 7 H AN R A AE 52 8 15 rh A S 46
Y B A G ARSI AR IR S B JBR 5
R TSR T RE TR R 3R0E 0, i e Bk iR
A2 A H T 0 B, T AR AE A 0 A4 R ] 2 fill Bk e i
FE K NI, I8 % BBB Z 8, (e itk 2. &
IR B IR AZ DA Dy BRI T X 10 2454, i e
JoT~ SRR~ Frigi— B 5 1] e X IR0 27 > o 3 45 ik
TRE ™ TR IR S A O KN 2 RGL ) —
HRY, I A A A A DA G, 5 s s i
A b3 DR TR I 5 A D RE T R 2 A



— 492 —

BERERKFZR 2026 £55 51 F5 4 #3 (Journal of Chongging Medical University 2026.Vol.51 No.4 )

K, BAECAL ZHATUIRE T R rp B g8 0 AR5 Ry
IR T B R Y AR S U

g5 LTk AR5 — 2478 T TyG NLR 5 2
TR PRI 5 I DN H B 0 B 25 AR 03 1) 4 DG, O
PREVERH QSMBA 878 T BRUTFRAE SN 5 HhAx
PR Z R SAVE T R AR AT XM g B0 T
TSR SR T B 1 S RN A5
RIZEMhI A fE % WA 25
YEB MM SRR O R STHERFSE AT ELE 36
ST R B BT s W I S AR 5 S
T IE SIS T S &8

2 £ X M

[1] Sun H,Saeedi P, Karuranga S, et al. IDF Diabetes Atlas: Global,
regional and country—level diabetes prevalence estimates for 2021 and
projections for 2045[J]. Diabetes Res Clin Pract,2022,183:109119.

[2] LiSQ,Deng X, Zhang YM. The triglyceride—glucose index is asso-
ciated with longitudinal cognitive decline in a middle—aged to elderly
population: a cohort study[J]. J Clin Med,2022,11(23):7153.

[3] Michailidis M, Moraitou D, Tata DA, et al. Alzheimer’s disease as
type 3 diabetes: common pathophysiological mechanisms between Al-
zheimer’ s disease and type 2 diabetes[J]. Int J Mol Sci, 2022, 23(5) :
2687.

[4] An JR, Wang QF, Sun GY, et al. The role of iron overload in dia-
betic cognitive impairment: a review|[J]. Diabetes Metab Syndr Obes,
2023,16:3235-3247.

(S 25U , B, B 45 ). G 35 AR AR, 2023, 14(10)
147-151.

Li Yingna, Liang Wenzhou, Zhao Liying, et al. [J]. Magnetic Resonance
Imaging,2023,14(10): 147-151.

[6] Park HM, Lee HS, Lee Y], et al. The triglyceride—glucose index is
a more powerful surrogate marker for predicting the prevalence and inci-
dence of type 2 diabetes mellitus than the homeostatic model assess-
ment of insulin resistance[J]. Diabetes Res Clin Pract, 2021, 180:
109042.

[7]1 Luo AL,Xie Z,Wang Y, et al. Type 2 diabetes mellitus—associated
cognitive dysfunction: Advances in potential mechanisms and therapies
[J]. Neurosci Biobehav Rev,2022,137:104642.

8] ¥ WF, LI, ABRE. il =M a8 S 2k
IHIBERHA SCHE BT, 6 RS B 2%, 2023,43(9) : 1642-1648.
Huang Y, Wang XC, Zou LY. Correlation between triglyceride—glucose
index and post—stroke cognitive impairment[J]. J Clin Pathol Res,2023,
43(9):1642-1648.

(9]  LhHklst, WRTm il , A, 45 . IREAE-& I 2 RURE RO (9 0 R
THER N R FRERIRS 4], 2023,48(10) :1238-1242.

Ma FY, Chen CX, Wu LP, et al. Risk factors for cognitive dysfunction in
patients with brain infarction and type 2 diabetes[J]. J Chongging Med
Univ,2023,48(10):1238-1242.

[10] WoR¥, LML, S 14,5 NLR A5 AR b A 15T

PERELT]. RS 2 P24, 2022, 39(3) :282-284.
Shang TL, Shen YX, Ma B, et al. Research progress on NLR in post
stroke cognitive impairment[J]. J Apoplexy Nerv Dis,2022,39(3) :282-
284.
[11]  Han YQ, Meng X, Wang DH. Association between triglyceride
glucose index with cognitive impairment and dementia in adult popula-
tion: a meta—analysis[J]. Horm Metab Res,2024,56(10):737-748.
[12] Tian N, Song L, Hou TT, et al. Association of triglyceride—glucose
index with cognitive function and brain atrophy: a population—based
study[J]. Am J Geriatr Psychiatry,2024,32(2) : 151-162.
[13] Kara SP, Altunan B, Unal A. Investigation of the peripheral in-
flammation (neutrophil-lymphocyte ratio) in two neurodegenerative dis-
eases of the central nervous system[J]. Neurol Sci, 2022,43(3) : 1799-
1807.
(141 XBIFE , PRIATE . 38 209730 2 BB ROV 45 I R4 BE DA M S e
i 55 T AR B SR R (D). Pl 2 B0 5 D RE TR A, 2024, 19(9)
536-540.
Deng HY, Chen YN. Research progress on the effect of exercise therapy
on patients with type 2 diabetes mellitus and mild cognitive impairment
[J]. Neural Inj Funct Reconstr,2024,19(9) : 536-540.
[15] Leffa DT,Povala G,Bellaver B, et al. Impact of the polygenic risk
scores for attention—deficit/hyperactivity disorder in Alzheimer’s disease
[J]. Alzheimers Dement,2025,21(2) :e70003.
[16] Kandeda AK, Mezui C, Kengni S, et al. Kalanchoe crenata haw.
(crassulacea) decreases hippocampal neuron loss and improves
memory and executive function in aged rats: implications for anti—
inflammatory and antioxidant mechanisms[J]. Brain Behav,2025,15(2):
€70261.
[17] Beresford=Webb JA,McAllister CJ, Sleigh A, et al. Mitochondrial
dysfunction correlates with brain amyloid binding, memory, and execu-
tive function in down syndrome: implications for Alzheimer’s disease
in down syndromel[J]. Brain Sci,2025,15(2):130.
[18] Ciprés M, Satue M, Melchor I, et al. Retinal neurodegeneration in
patients with type 2 diabetes mellitus without diabetic retinopathy[J].
Arch Soc Esp Oftalmol ,2022,97(4) :205-218.
[19] Zhang ZH, Chen X, Sheng ZH. Association of triglyceride
glucose—body mass index with Alzheimer’s disease pathology, cognition
and brain structure in non—demented people[J]. Sci Rep,2024,14(1):
16097 .
[20] Hu R, Gao BB, Tian SY, et al. Regional high iron deposition on
quantitative susceptibility mapping correlates with cognitive decline in
type 2 diabetes mellitus[J]. Front Neurosci, 2023,17:1061156.
[21] LiJ,Zhang QH,Zhang N, et al. Increased brain iron detection by
voxel-based quantitative susceptibility mapping in type 2 diabetes mel-
litus patients with an executive function decline[J]. Front Neurosci,
2021,14:606182.

(W17 :2025-11-04; f£ B : 2026-01-14; 3 : 2026-01-15)

(FTAE S 5 . AR )

AL AKX
RWHF, PEEEAZ, . o RAKRARIEA TyG NLR * £ 4 2
AR IR I IS A 8 TN ]. &R BAL K 5 5 4R,2026,51
(4):486-492.



