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FBG $l FIBA VT BAs M AE A, PAFILIR ROk it . ol SR RIe 8. HEBE . U8R E4 (apolipoprotein
E4, APOE4) JEHAS . AFh] FCHHEFR S (HSEIERR . IRITIR . B RS . ARYE 23 1) FBG /K F-HIA N R A5 B
B, #H A A IE R FBGHJU/A INA U REEAL 4] . FBG A /A NI e BAL . RIFPAHZE 4T . Cox H A KUK
AR | IESS fwde/N —FHNHN S HT . Spearman M E AR BRI 40T 455 - JLUNA 1 317 1B FBG $udls H B A
A S 5 1 R R RS AR B Y 2t %, HoP FBG IE % (>3.9 mmol/L H <6.1 mmol/L) 3£ 1 153 45, FBG Jti&
(26.1 mmol/L) 31644, FBGIE®WZIXE T, 275 BIANMIIEEEI; FBGTREMZIAF T, 3G NMIREL, St
LN AGE = RHE T Es R B, 1IE% FBGALAIE FBGALIEER . AR F2ZERA G #E X, JTOAHDIBE S A A
UIREACALTE AR WS . VA . APOE4 BEIHEA % 2 RA IR L (3 P<0.05), Cox MIHsrHTRHH, NI GEEAN 3
B HE RN BRI APOE4 SEH AL . FBG IS FIAE RIS K (HR=2.22, HR=1.38, HR=1.02; ¥ P<0.05). AR FBGKFF
TCNHI D AR ANAT AL SR AR, DA ROA RIS BB AL T SN HI I AR AL S AR R 10 22 R e R R 7
INHIRE AL A BE, B BENS 81 (high-density lipoproteins, HDL) 4 (I 7E S8 B b i LU (L W5 T s RS s
[ (low-density lipoprotein, LDL) R0k i K AT (g o & it AR A DN REBAL IR B8 Th e . AHOCHE TS R R,
NAIRE AL ARE T, SRR . SRR BRSNS FBG K- M6, 5 MK MRk tau 1 (phosphorylated tau, pTau) 7K
S ARG s HDL HEH 09 J0 R 5 b . 5 B0 R 04 LU (85 I W pTau K- A OG . 518 - ML T FBG IEH W AR,
FBG JH i ARFN AT RE AL XU 838 ;s AR FBG /KT, TCINAITI AR A TEAIA DA AT RE AL 1 A BE LA SN
AT S IAHEAL G B2 22 S EHE bR AR . SRS, LDL MR AR IR . HDL #53H RB IS 78 A A Dh B AL At
W DS, BRI AR S e R S pTau KOTA BRI, SR LA PR e A SN D R A 1 7 v
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Study of metabolic association between elevated fasting blood glucose and
cognitive deterioration

WU Lirong', CHEN Ruihua®, CHAO Xiaowen', GUO Yuhuai', SUN Tao', LI Mengci', CHEN Tianlu'

1. Center for Translational Medicine and Shanghai Key Laboratory of Diabetes Mellitus, Shanghai Sixth People's Hospital, Shanghai Jiao
Tong University School of Medicine, Shanghai 200233, China; 2. Sample Bank, Shanghai Sixth People's Hospital, Shanghai Jiao Tong
University School of Medicine, Shanghai 200233, China

[Abstract] Objective:To analyze and explore the influencing factors that lead to cognitive deterioration in individuals with
elevated fasting blood glucose (FBG) and the metabolic clues associated with changes in the risk of cognitive deterioration.
Methods - Data from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database were downloaded, and the samples with
FBG and follow-up data were selected from the database. Clinical information, including age, gender, body mass index, education
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years, apolipoprotein E4 (4POE4) genotype and race, and corresponding metabolic indicator data, including amino acids, fatty
acids, proteins and others were obtained. Based on the FBG levels and diagnosis of cognitive impairment stages in Alzheimer's
disease, the subjects were categorized into four groups: normal FBG without/with cognitive deterioration, and elevated FBG without/

with cognitive deterioration. The univariate analysis method, the Cox proportional hazards model, orthogonal projections to latent

structures discriminant analysis (OPLSDA), and Spearman correlation analysis were employed for data analysis. Results* A total of
1 317 subjects were included, among which 1 153 had normal FBG level (>3.9 mmol/L and <6.1 mmol/L) and 164 had elevated
FBG level (6.1 mmol/L). In the normal FBG group, 275 subjects showed cognitive deterioration, while in the elevated FBG group,

53 subjects showed cognitive deterioration. Univariate analysis revealed significant differences in gender and race between the

normal FBG and elevated FBG group, and significant differences in age, gender, and APOE4 genotype between the groups with and

without cognitive deterioration (all P<0.05). Cox regression analysis indicated that primary influencing factors for cognitive
deterioration were APOE4 positivity, elevated FBG, and increasing age in order (HR=2.22, HR=1.38, HR=1.02; all P<0.05). In the
analysis of baseline metabolic indicators in the groups without and with cognitive deterioration, as well as metabolic indicators

before and after cognitive deterioration at different FBG levels, the results of the analysis of variance revealed that in the cognitively

deteriorated population, the ratio of phospholipids carried by high-density lipoproteins (HDL) to total lipids was significantly higher;
low-density lipoprotein (LDL) particle concentration and the lipids carried by LDL were significantly higher after cognitive
deterioration. Correlation analysis showed that valine and leucine were significantly correlated not only with FBG level but also

with phosphorylated tau (pTau) level in the plasma in the cognitively deteriorated population. Cholesterol and the ratio of

phospholipids to total lipids carried by HDL were significantly correlated with pTau levels in cerebrospinal fluid (CSF).

Conclusion* Compared to the individuals with normal FBG level, those with high FBG level have a significantly higher risk of

cognitive deterioration. Additionally, different metabolic indicators show significant differences between the groups without and

with cognitive deterioration, as well as metabolic indicators before and after cognitive deterioration at different FBG levels. Overall,

LDL and its lipid content, and HDL-carried phospholipids show an increasing trend during cognitive deterioration, and the branched-

chain amino acids valine and leucine are significantly correlated with pTau levels in CSF and plasma, suggesting that these

metabolic markers may play an important role in cognitive deterioration.

[Key words] hyperglycemia; cognitive impairment; metabolomics; risk factor; lipoprotein

W W DR & s R e T G B AR BT, BEIR
o S O AR RS K S 7 Al B A A v AR
ARZS 25 B0 IR s 8 3 T AR D b g 14 XU 386
VAR, B PR g S5 1 DA R B XU L 7 e 32 B
o CBEPRIR A NI BERG L R IR P 4R, 2 80k
PRIV A A B R 108 JRUS: 240 A A0 DR S 114 2.8 4%
BEACUZE AL PR 1 B ZARP R . PRI, AHFSR
PLwE A i 7 84S A %S I Il B (fasting blood
glucose, FBG) MK &, K1 FBG T m 5k FI T
FE AR XURS: (R AH OGPk

25 W i 240 B R B R R, i 2T
Xt g R oR A, LU R R R R4 . B
G2 LRI, B JR P BRI R A M PN 4 A A P
RRAIR, 3T B 2H AR i ¥ A4t L i (A 1 A 2 LA A
A v ) R KT 5 Tl oA Y v A A RS S B
(el e N R TEE) e NS vl N N TG
SRS E AR AR A RS R AL S AR T
B, BEREEFRNG B IEMHE FKF TS, H
tau 25 WAL AL RIS, PR R I 25 0L S5 )
REAL BB AH G . — TG THE PR 15 R i 7 ZH 2 RS A
AT 0 W, K PR AR TR BRI I A 4 21 R i 5
TEH AR LT S SO A O A A A A XU f

http://xuebao.shsmu.edu.cn

FH. #nd, NP RE A5 A B CRIR R
I,

ABIEFE 8 i 53 B FBG /K -F- T 5 A A S g Ak
AU B AR DG, DR TR FBG /K F T A /JC I A T g
R N Ai RS AW ieg Nkt S DO IS BV e =97
ABEEALHTS BB bR 22 1L, ¥R FBG THi &
BN RE AL KRS TH s O AU R

1 MEHMAE

1.1 F5E BA SR ARG % B 0 4

IABAT 7R 9% i B i 28 5 A8 24 1 F R (Alzheimer's
ADND) % 4§ J
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Tab 1 Comparison of baseline characteristics between the normal FBG group and high FBG group

Characteristic Total (n=1317) Normal FBG (n=1 153) High FBG (n=164) /U value P value
Glucose/(mmol-L™") 5.36+0.90 5.11+0.47 7.10+1.23 0.00 0.000
Agelyear 73.86+7.04 73.78+7.11 74.43+6.44 89 440.50 0.263
BMI/(kg-m?) 26.80+4.61 26.80+4.53 26.78+5.12 73 600.50 0.475
Gender/n(%) 7.64 0.006

Male 727 (55.20) 620 (53.77) 107 (65.24)
Female 590 (44.80) 533 (46.23) 57 (34.76)
Education/year 15.9442.79 15.94+2.81 15.95+2.66 93 899.50 0.886
Race/n(%) 23.57 0.001
White 1224 (92.94) 1 081 (93.76) 143 (87.20)
Black 52 (3.95) 41 (3.56) 11 (6.71)
Asian 22 (1.67) 18 (1.56) 4(2.44)
Other 19 (1.44) 13 (1.13) 6 (3.66)
APOE4/n(%) 0.05 0.828
Negative 693 (52.62) 608 (52.73) 85 (51.83)
Positive 624 (47.38) 545 (47.27) 79 (48.17)
R2 TINADIREBA BTN I BERL AR B R FHELL R (£ AR
Tab 2 Comparison of baseline characteristics between individuals without and with cognitive deterioration (all data)

Characteristic Without cognitive deterioration (n=989) With cognitive deterioration (n=328) 2/U value P value
Glucose/(mmol-L™) 5.34+0.86 5.41£1.02 158 106.00 0.493
Agelyear 73.62+7.08 74.59+6.84 147 380.00 0.013
BMI/(kg-m™) 26.79+4.65 26.82+4.47 126 838.50 0.700
Gender/n(%) 5.28 0.022

Male 528 (53.90) 199 (60.67)
Female 461 (46.61) 129 (39.33)
Education/year 15.93+2.83 15.9842.65 161 357.50 0.887
Race/n(%) 4.66 0.588
White 913 (92.32) 311 (94.82)
Black 41 (4.15) 11 (3.35)
Asian 17 (1.72) 5(1.52)
Other 18 (1.82) 1(0.30)
APOE4/n(%) 29.54 0.000
Negative 563 (56.93) 130 (39.63)
Positive 426 (43.07) 198 (60.37)

NN DI REA I 23 R PR A 4G FBG /KT . #5741
APOE4 I | AFIBIEC . Hrh 5T APOE4 BRI AA
iR B R S E R ek, KU e (hazard ratio,
HR) 5222, P<0.001, HIKJEFBG/K V&, HRA
1.38, P=0.046, KA HR #11.02, P=0.033,

2.3 NS RE SR G ACIHE b

EE R R/ UK K (P<0.05) 5 OPLSDA 434k
R (VIP>1), §fivk i ZEA R FBG /K F-H), AHITIG6E
AL RN T A 2 18] LA K AN D) R AL i RS Ak
J& 22 5 BT et 2 SO I s A e b

A3 TN BE AL AN TC I D) R A AT Y 2k

http://xuebao.shsmu.edu.cn

B 22 AU HE bR, R B AR 22 AR bR
54, WFBGHION, IEWFBGHLI441; Hp, 34
NHEREAT 1 22 S AR R 21>, 5 FBG ZHMURR 1 2 5
fRHERS 61, 1EH FBG 420 A5 1 22 S AR IR 5 11
(Bl 2A) . H/NEARE BEREHE H (very low-density
lipoprotein, VLDL) "y #8§1g 5 &8 it iy teAE .
EEEENR#E A (high-density lipoprotein, HDL) H
AN 5 SR BORY LA, fE4 A . IE# FBG 41,
5 FBG 413 R # Thi . A[ TIEH FBG4l, # FBG
Hrm AR . HARKY, HiE%EEKEEA
(intermediate-density lipoprotein, IDL) AR5 &
BRI LA, DAKGE K VLDL Hiifs & f . I 25 0 [

LSRR (), 2004, 44(2) (@)
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Tab 3 Comparison of baseline characteristics between individuals without and with cognitive deterioration (normal FBG group)

Characteristic Without cognitive deterioration (n=878)
Glucose/(mmol-L™") 5.1140.47
Agelyear 73.57£7.15
BMI/(kg-m™) 26.80+4.60
Gender/n(%)

Male 459 (52.28)

Female 419 (47.72)
Education/year 15.96+2.84
Race/n(%)

White 817 (93.05)

Black 34 (3.87)

Asian 14 (1.59)

Other 13 (1.48)
APOE4/n(%)

Negative 500 (56.95)

Positive 378 (43.05)

F4 FONAMTHEERU AN IR RU AR E LI LL R (S FBGAH)

5.09+0.46
74.45+6.96
26.80+4.32

161 (58.55)
114 (41.45)
15.90 +2.70

264 (96.00)
7(2.55)
4 (1.45)
0 (0)

108 (39.27)
167 (60.73)

With cognitive deterioration (n=275)

7’/U value
117 183.00
110 131.50
93 583.00

3.31

118 879.00
5.33

26.25

2024, 44(2)

P value
0.462
0.028
0.627
0.069

0.698
0.377

0.000

Tab 4 Comparison of baseline characteristics between individuals without and with cognitive deterioration (high FBG group)

Characteristic Without cognitive impairment (n=111) With cognitive impairment (n=53) 7/U value
Glucose/(mmol-L™") 7.11£1.13 7.09+1.42 2 569.00
Age/year 74.00£6.54 75.33+6.19 2 635.50
BMI/(kg-m™) 26.72+5.07 26.90+5.27 2 383.50
Gender/n(%) 1.44

Male 69 (62.16) 38 (71.70)
Female 42 (37.84) 15 (28.30)
Education/year 15.73£2.77 16.42+42.37 2 565.50
Race/n(%) 1.25
White 96 (86.49) 47 (88.68)
Black 7(6.31) 4(7.55)
Asian 3(2.70) 1(1.89)
Other 5(4.50) 1(1.89)
APOE4/n(%) 3.34
Negative 63 (56.76) 22 (41.51)
Positive 48 (43.24) 31(58.49)
APOE4 (Negative) Reference *
APOE4 (Positive) 2.22 (1.75—2.83) ——=——1 | P<0.001
Glucose_group (Normal FBG) Reference [ ]
Glucose_group (High FBG) 1.38 (1.01—1.89) —— P=0.046
Age 1.02 (1.00—1.04) I P=0.033
Gender (Female) Reference
Gender (Male) 1.13 (1.89—1.45) - P=0.317
BMI 1.01 (0.99—1.04) P=0.400
Education  1.02 (0.98—1.06) P=0.436
05 10 15 20 25 3.0

1 Cox bE B XURS [ Y3 53 47 7% 4K

Fig1 Cox proportional hazards analysis forest plot
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Hazard ratio

P value
0.190
0.282
0.956
0.230

0.177
0.869

0.068
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. 4RIES. N ﬁ

SHTINAI T RE A & A R JE 22 ARG bR, & J
LA A BE 1922 SR PR A5 214, % FBG L84,
IEH FBGZ 1945 Hrr, & FBG A m4e0 2 S AR
bR 8 1 (ElzB)o Kﬁ?ﬁ#—?FBGzﬂ, 75 FBG 411
WA LDL R B, P45 LDL AP Y BB o . JIE [
fis . WEAE oA, u&/J\LDL'ﬁEﬁ,u BT, E W |
@iﬂlﬁ Eﬂi%‘ﬂ'ﬁ, IDL ':':IEZVKHD 'ﬁu_» JB;:EI"J Hﬂﬁﬂ Nofe-; A. Tl.1e Venn' Adiagram‘ of‘differentiél metaboli‘tf:s betw§en -the

individuals with cognitive deterioration and without cognitive deterioration

%‘—FFiFo {E’H‘{_:EM\E/JTE, ff_E FBG QEIZFI s /NLDL at baseline. B. The Venn diagram of differential metabolites between

baseline and follow up in the individuals with cognitive deterioration.

fig 55 EIR BT Hﬁ{ﬁx‘j‘g%ﬂ% o é%%ﬂﬁ 6, Fig2 Venn dlagram of dlfferential metabolites

Normal FBG Normal FBG

£S5 TNATIEERUABMAE NN RERLABNELBIEE RRIFER (2 AE)

Tab 5 Differential metabolic indicators between the individuals without and with cognitive deterioration at baseline (all data)

Indicator P value Trend VIP value
All data
Sphingomyelins 0.041 ! 1.66
Phospholipids to total lipids ratio in medium HDL 0.011 1 1.93
Cholesterol to total lipids ratio in medium HDL 0.037 1 1.31
Phospholipids to total lipids ratio in IDL 0.034 1 2.71
Phospholipids to total lipids ratio in very small VLDL 0.009 1 2.39
Normal FBG group
Cholesteryl esters to total lipids ratio in large HDL 0.026 l 1.13
Phospholipids to total lipids ratio in medium HDL 0.020 1 2.23
Cholesterol to total lipids ratio in medium HDL 0.045 l 1.78
Phospholipids to total lipids ratio in very small VLDL 0.049 1 2.51
High FBG group
Valine 0.023 1 1.02
Histidine 0.014 i 1.38
Phospholipids to total lipids ratio in medium HDL 0.042 1 1.08
Free cholesterol to total lipids ratio in small HDL 0.017 l 1.21
Cholesteryl esters to total lipids ratio in IDL 0.044 l 1.53
Phospholipids to total lipids ratio in IDL 0.010 1 2.16
Phospholipids to total lipids ratio in very large VLDL 0.049 1 1.91
Free cholesterol to total lipids ratio in very large VLDL 0.016 1 1.92
Phospholipids to total lipids ratio in very small VLDL 0.033 1 1.75

Note: Trend refers to the trend of changes in indicators in the individuals with cognitive deterioration compared with those without cognitive deterioration.
"1 " means an uptrend, " | " means a declining trend. Differences were considered significant at P<0.05 and VIP>1.

F6 INHMMEEBUABENNBALRETENERE EZRRGHER

Tab 6 Differential metabolic indicators between the individuals with cognitive deterioration before and after cognitive deterioration

Indicator P value Trend VIP value
All data
Leucine 0.001 il 1.03
Phenylalanine <0.001 1 1.63
Albumin 0.008 ) 1.24
Total lipids in very large HDL 0.046 ! 2.06
Free cholesterol in very large HDL 0.027 i 2.48

http://xuebao.shsmu.edu.cn [ 1 28 K (B2 5 2024, 44(2) "“
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Continued Tab

Indicator P value Trend VIP value
Phospholipids in very large HDL 0.030 ! 2.14
Cholesterol to total lipids ratio in very large HDL 0.029 1 2.08
Cholesteryl esters to total lipids ratio in very large HDL 0.006 1 2.40
Phospholipids to total lipids ratio in very large HDL 0.017 i 237
Free cholesterol to total lipids ratio in large HDL 0.014 l 1.73
Concentration of small HDL particles 0.002 il 2.78
Total lipids in small HDL 0.007 1 2.38
Total cholesterol in small HDL 0.004 1 2.83
Free cholesterol in small HDL 0.027 i 1.91
Cholesterol esters in small HDL 0.002 1 3.04
Phospholipids in small HDL 0.022 1 2.05
Cholesterol to total lipids ratio in small LDL 0.002 il 2.28
Cholesteryl esters to total lipids ratio in small LDL 0.004 1 1.16
Phospholipids to total lipids ratio in small LDL 0.001 ! 1.85
Cholesterol to total lipids ratio in very large VLDL 0.045 1 1.22
Cholesteryl esters to total lipids ratio in very large VLDL 0.038 1 1.55
Normal FBG group
Phenylalanine <0.001 1 1.64
Leucine 0.005 il 1.01
Albumin 0.030 1 1.35
Cholesterol to total lipids ratio in very large HDL 0.043 1 2.22
Cholesteryl esters to total lipids ratio in very large HDL 0.014 1 2.57
Phospholipids to total lipids ratio in very large HDL 0.044 ! 2.14
Free cholesterol in very large HDL 0.048 i 2.32
Free cholesterol to total lipids ratio in large HDL 0.022 l 1.50
Concentration of small HDL particles 0.005 il 2.95
Total lipids in small HDL 0.011 1 2.60
Free cholesterol in small HDL 0.030 1 2.19
Total cholesterol in small HDL 0.008 1 2.97
Cholesterol esters in small HDL 0.006 1 3.14
Phospholipids in small HDL 0.029 1 2.29
Cholesterol to total lipids ratio in small LDL 0.003 il 2.70
Cholesteryl esters to total lipids ratio in small LDL 0.003 1 1.71
Phospholipids to total lipids ratio in small LDL 0.002 ! 2.26
Cholesterol to total lipids ratio in very large VLDL 0.042 1 1.40
Cholesteryl esters to total lipids ratio in very large VLDL 0.043 1 1.64
High FBG group
Concentration of medium LDL particles 0.031 il 1.93
Total lipids in medium LDL 0.030 il 2.15
Cholesterol esters in medium LDL 0.033 1 2.15
Phospholipids in medium LDL 0.023 1 2.18
Phospholipids to total lipids ratio in IDL 0.037 ! 1.94
Total lipids in small LDL 0.036 1 1.96
Cholesterol esters in small LDL 0.049 1 1.95
Phospholipids in small LDL 0.043 1 1.82

Note: Trend refers to the trend of changes in indicators in the individuals before and after the onset of cognitive deterioration. " T " means an uptrend,
" | " means a declining trend. Differences were considered significant at P<0.05 and VIP> 1.
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9237 Fr i 2 S BORE, 158 3A IR, DMATR . se& R . h5 HDL th i fig 5
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Note: Spearman analysis results illustrating the correlation between disease biomarker levels and metabolite levels across various datasets: the entire baseline
dataset (A), the baseline data of the individuals without cognitive deterioration (B), the baseline data of the individuals with cognitive deterioration (C), and the
data at the onset of initial cognitive deterioration (D). * means P<0.05, ** means P<0.01.
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Fig3 Spearman’s correlation analysis heatmap between metabolites and indicators of cognitive impairment
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