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ABSTRACT Objective: To investigate the relationship between the glucose coefficient of variation (GCV)
and the risk of hyperuricemia (HUA) in the patients with early-onset type 2 diabetes mellitus (T2DM).
Methods: A total of 224 hospitalized patients with T2DM between September 2023 and November 2024
were enrolled. The general clinical data, laboratory biochemical indicators, and continuous glucose monitoring
(CGM) -derived metrics were collected. The early-onset T2DM patients were stratified into HUA and
non-HUA groups based on their serum uric acid (SUA) levels. Fasting venous blood was collected to
detect SUA, glycated hemoglobin (HbAlc) , blood lipids, liver and kidney function indexes, and other
indicators. Glucose variability parameters, including GCV, time in range (TIR), and mean amplitude of
glycemic excursions (MAGE), were obtained using the CGM system. The /-test and Mann-Whitney U test
were used to compare the differences in the indicators of the patients between various groups; Spearman
correlation analysis was used to analyze the correlation between GCV and SUA level in the patients; modified
Poisson regression models were used to evaluate the association between GCV and HUA in early-onset
T2DM patients; receiver operating characteristic (ROC) curve analysis along with the area under the curve
(AUC) were used to determine the predictive values of GCV and HbAlc level for HUA in early-onset
T2DM patients. Results: The prevalence of HUA in early-onset T2DM group was significantly higher
than that in late-onset T2DM group (P<C0.001). Significant differences were observed between the
patients in two groups in age, disease duration, gender, family history of diabetes, body mass index (BMI)
as well as serum levels of SUA, alanine aminotransferase (ALT), and aspartate aminotransferase (AST)
(P<C0.05). Among early-onset T2DM patients, compared with non-HUA group, the serum levels of
creatinine (Scr) and triglyceride (TG) , atherogenic index (AI) , fasting C-peptide (FC-P) , 2-hour
postprandial C-peptide (2hC-P) , GCV, and MAGE in the patients in HUA group were significantly
increased (P<C0.05) , while the level of high-density lipoprotein cholesterol (HDL-C) was significantly
decreased (P<C0.05). The Spearman correlation analysis results showed a positive correlation between
SUA level and GCV in early-onset T2DM patients (r=0.403, P<C0.001). After adjusting for
confounding factors, compared with the patients in the lowest GCV quartile, the risk of HUA among
those in the highest GCV quartile was significantly increased (RR=2.12,P <C0.05). The AUC of GCV
for predicting HUA in early-onset T2DM patients was 0. 859 (95% CI: 0.783—0.935), with an optimal
cutoff value of 58. 5%, a sensitivity of 79. 7% , and a specificity of 76. 7%. Conclusion: The proportion of
HUA in early-onset T2DM patients is higher than that in late-onset T2DM patients. Increased GCV level
is significantly associated with an increased risk of HUA in the patients with early-onset T2DM.
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Tab. 1 Baseline characteristics of patients in late-onset T2DM group and early-onset T2DM group

Variable Late-onset T2DM(n=121) Early-onset T2DM (n=103) 1z P
Age [M(P25, P75), year] 57.00(51.00,66.00) 44.50(36.00,58.00) —12.90 <20.001
Disease duration [M(P25, P75), year] 9.00(4.00,15.00) 4.00(1.00,10.00) —8.81 <<0.001
Gender [n(%)] 10.70 <20.001

Male 76(62.8) 85(82.5)

Female 45(37.2) 18(17.5)
Smoking [7( % )] 0.30 0.587

Yes 37(30.6) 35(34.0)

No 84(69.4) 68(66.0)
Drinking [2( %)] 1.68 0.195

Yes 35(28.9) 22(21.4)

No 86(71.1) 81(78.6)
Family history of diabetes [22( % )] 5.73 0.017

Yes 25(20.7) 36(35.0)

No 96(79.3) 67(65.0)
BMI (25, kg-m %) 26.30+5.26 28.85+4.11 3.99 <£0.001
SUA (z=s, pmol-L ™) 349.354103.71 442.644-100.19 6.82 <0.001
ALT [M(P25, P75), U-1. '] 21.00(15.00,30.00) 43.00(25.00,72.00) —6.65 <0.001
AST [M(P25, P75), U-L™'] 20.00 (16.00,25.25) 24.00(18.00,37.00) —3.47 <0.001
Ser [M(P25, P75), pmol-L '] 65.00(55.00,76.00) 68.50(60.00,80.50) —1.67 0.094
BUN [M(P25, P75), mmol-L '] 6.05(5.22,7.04) 5.24(4.34,6.21) —3.99 <£0.001
GFR [M(P25, P75), mL-min '] 98.50(88.45,108.40) 117.40(105.70,123.00) —7.42 <0.001
TC [M(P25, P75), mmol-L '] 4.96(4.39,5.72) 5.26(4.55,6.34) —1.89 0.058
TG [M(P25, P75), mmol-1."'] 2.14(1.35,3.38) 3.46(2.01,6.07) —4.33 <0.001
HDL-C (z%s, mmol-L ") 1.1540.27 1.0340.23 —3.37 <0.001
LDL-C [M(P25, P75), mmol-L '] 2.93(2.31,3.49) 2.98(2.53,3.61) —1.54 0.125
AL[M(P25, P75)] 3.36(2.45,4.56) 4.23(3.37,5.21) —4.08 <0.001
HbAlc [M(P25, P75), %] 7.60 (6.30,8.90) 8.80(7.45,10.45) —4.11 <0.001
FPG [M(P25, P75), mmol-L '] 8.10 (6.53,10.30) 9.85(7.69,12.32) —2.91 0.004
FINS [M(P25, P75), mIU-L '] 12.98(7.63,19.70) 11.57(8.42,19.39) —0.27 0.790
FC-P [M(P25, P75), nmol-L '] 1.57(1.10,2.06) 2.44(1.76,3.35) —6.01 <0.001
2hPG [M(P25, P75), mmol-L '] 11.90(10.10,15.10) 12.20(9.60,15.80) —0.08 0.934
2h-INS [M(P25, P75), mIU-1 '] 42.36(27.52,59.22) 34.94(25.66,52.05) —1.52 0.129
2hC-P [M(P25, P75), nmol-L '] 4.19(2.42,5.70) 4.79(2.99,6.10) —1.16 0.247
HOMA-IR [M(P25, P75)] 4.73(2.81,8.16) 5.21(3.38,8.37) —0.79 0.431
GCV (x5, %) 18.8742.66 20.57+5.07 3.08 0.003
MBG (x5, mmol-L ") 9.13+£2.19 8.77+1.86 —1.32 0.188
SDBG (x5, mmol-1L 1) 1.914+1.06 2.0740.69 1.39 0.167
MAGE (x5, mmol-1.~") 3.72+0.96 3.88+1.12 1.09 0.276
GMI (x5, %) 7.2474-0.94 7.084-0.80 —1.32 0.189
TIR [M(P25, P75), %] 79.00(50.00,93.00) 78.00(57.00,94.00) —0.36 0.720
GRI[M(P25, P75), %] 17.60(5.60,40.60) 20.00(5.60,42.00) —0.09 0.931
HUA [2(%)] 18(14.88) 65(63.11) 55.49 <0.001
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Tab.2 Baseline characteristics of early-onset T2DM patients in non-HUA group and HUA group

#2 dEHUAZAMHUAAR R T2DM B H H LIS

Variable Non-HUA (n=38) HUA (n=65) A P
Age [M(P25, P75), year] 35.50(31.25,38.75) 35.00(30.00,38.00) —0.71 0.476
Disease duration [M(P25, P75), year] 1.00(1.00,2.00) 1.00(1.00,4.25) —1.20 0.229
BMI (z=£s, kg-m %) 27.99+3.78 29.35+4.24 —1.63 0.106
ALT [M(P25, P75), U-L ] 35.00(20.00,63.00) 43.50 (28.00, 74.25) —1.36 0.174
AST [M(P25, P75), U-L ] 21.50(16.25,36.50) 25.00(20.00,37.00) —1.55 0.121
Ser [M(P25, P75), pmol-L '] 62.50(55.50,70.75) 72.50(64.00,86.00) —3.25 0.001
BUN [M(P25, P75), mmol-1.""] 5.85(4.51,6.37) 5.14(4.30, 6.11) —1.12 0.261
TC [M(P25, P75), mmol-L™'] 4.87(4.45,6.24) 5.32(4.57,6.40) —0.47 0.642
TG [M(P25, P75), mmol-1L "] 2.91(2.04,4.17) 4.28(1.85,6.62) —2.00 0.046
HDL-C (z=+s, mmol-L™") 1.104+0.27 0.9940.20 2.22 0.028
LDL-C [M(P25, P75), mmol-1"'] 2.99(2.53,3.58) 2.96(2.53,3.61) —0.16 0.876
AT[M(P25, P75)] 3.72(3.29,4.89) 4.40(3.58,5.50) —2.20 0.028
HbAlc [M(P25, P75), %] 8.25(7.05,9.90) 9.50(7.57,10.83) —1.34 0.180
FPG [M(P25, P75), mmol-L '] 9.85(7.91,12.82) 9.85(7.42,11.82) —0.49 0.626
FINS [M(P25, P75), mIU-L"'] 9.72(8.10,14.40) 12.95(8.65,19.79) —1.14 0.252
FC-P [M(P25, P75), nmol-1.7"] 1.96(1.49,2.46) 2.70(2.10,3.52) —2.85 0.004
2hPG [M(P25, P75), mmol-1.7'] 13.55(10.20,17.78) 11.80(9.60,15.50) —1.03 0.301
2h-INS [M(P25, P75), mIU-L"] 33.72(25.00,51.72) 35.69(25.97,51.63) —0.40 0.690
2hC-P (z%s, nmol-L 1) 3.60+1.81 5.48+2.63 —3.73 <20.001
HOMA-IR [M(P25, P75)] 4.33(3.34,7.85) 5.60(3.47,8.51) —0.95 0.341
GCV (z+s, %) 17.43+3.01 22.41+5.14 —6.21 <20.001
TIR [M(P25, P75), %] 72.00(45.00,94.00) 80.00(66.00,93.00) —0.89 0.374
MBG [M(P25, P75), mmol-L '] 8.95(7.05,10.65) 8.40(7.20,9.50) —1.03 0.303
MAGE [M(P25, P75), mmol-L"] 3.40(2.80,4.00) 3.90(3.30,4.50) —2.37 0.018
GMI[M(P25, P75), %] 7.17(6.34,7.90) 6.93(6.41,7.40) —1.03 0.303
GRI[M(P25, P75), %] 25.20(4.80,50.60) 18.40(5.60,30.40) —0.66 0.509
#3 GOV MBI AR & H R K T2DM B H B L& FH1E
Tab.3 Baseline characteristics of early-onset T2DM patients in various groups based on GCV quartiles
Variable Q1 group (n=25) Q2 group (n=26) Q3 group (n=26) Q4 group (n=26)  x*/F P
BMI [M(P25, P75), kg'm ] 29.30(26.30,31.22) 28.20(26.03,30.47) 27.77(26.76,29.93) 29.16(24.85,31.42)  0.47 0.926
ALT [M(P25, P75), U-L"] 53.00(20.00,73.00)  35.00(24.00,50.00) 39.00(28.00,75.00) 43.50(29.25,91.25)  2.80 0.423
AST [M(P25, P75), U-L'] 32.00(18.00,39.00) 21.50(17.25,31.50) 23.50(20.00,38.75) 28.50(19.25,37.00)  2.87 0.413
Ser [M(P25, P75), pmol-L™'] 68.00(60.00,78.00) 64.00(57.00,78.75) 76.00(66.00,82.00) 66.00(60.00,84.25)  5.00 0.172
BUN [M(P25, P75), mmol-L"] 5.20(4.39,6.09) 5.93(4.33,6.26) 5.02(4.28,5.58) 5.22(4.42,6.19) 0.81 0.847
SUA [M(P25, P75) ,pmol-L "] L 206.90 10450 .00 25.41  <20.001
(330.00,484.00) (310.25,415.75) (438.50,515.25) (453.50,520.25)
TC [M(P25, P75), mmol-L '] 5.16(4.46,6.41) 5.68(4.35,6.59) 4.97(4.71,5.92) 5.17(4.78,6.31) 0.27 0.966
TG [M(P25, P75), mmol-L ] 2.63(1.52,5.73) 2.63(2.15,4.48) 3.96(1.84,6.92) 5.08(3.46,6.36) 5.32 0.150
HDL-C (245, mmol-L ") 1.11£0.25 1.04+0.26 0.9740.22 1.01£0.19 1.51 0.218
LDL-C [M(P25, P75), mmol-L ']  2.99(2.62,3.37) 3.37(2.59,3.84) 2.98(2.54,3.61) 2.72(2.39,3.43) 2.75 0.431
AT[M(P25, P75)] 3.45(3.16,5.20) 4.20(3.46,5.17) 4.35(3.59,5.59) 4.24(3.89,5.21) 2.14 0.544
FPG (r+s, mmol-L ") 10.53+3.15 10.59+3.11 9.55+3.11 9.91+3.18 0.58 0.631
HbAlc [M(P25, P75), %] 7.80(6.95,10.02) 8.70(7.67,10.83) 8.30(6.80,10.65) 9.60(8.70,10.50) 4.36 0.225
HOMA-IR [M(P25, P75)] 4.99(3.67,8.40) 4.97(3.24,6.66) 4.93(3.41,7.79) 6.93(3.59,9.97) 2.22 0.527
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Tab. 4 Associations between SUA levels and CGM-related
indexes and HbAlc level in early-onset T2DM patients

2.5 FX T2DM & # GCV 5 HUA Z [ # % B

W5 % T2DM B3 3 GCV U437 505 41 5 T &
SR TERCIEMEIN o W PR SRR R K
$E, Q3M Q4K T2DM H# HUA fk K

Variable 0 Raw P value  FDR-adjusted P value R QLA M 1.81 4% (95%CI=1.19~2.76,
GV 0403 =0.001 0.008 P<<0.01) J& 2.07 f (95%CI=1.40~3.07, P<
HbALe 0219 0.056 0144 0.001) o ERCIEMEN . WA . BRI . BEIRIT R
MBG —0.063 0.525 0.588 ﬁ%j‘i%ﬂﬁ%ﬁ'{& BUN. Scr%ﬂ HbA1C7J(1|Z}ﬁ 5 leﬂ
SDBG 0.072 0.470 0.588
MAGE 0.114 0.251 0.502 PR, Q3N Q4R K T2DM 2 HUA S0 MU
GMI —0.063 0.525 0.588 M TR (RR=1.92, 95%CI=1.14~3.24, P<
TIR 0.075 0.454 0.588 0.05; RR=2.12, 95%CI=1.28~3.51, P<
GRI —0.054 0.588 0.588 0.01), W.#%5.
x5 HET2DMHEH GCVE HUA KRB
Tab.5 Associations between GCV and HUA in early-onset T2DM patients
Model 1 Model 2 Model 3

Grroup ! RR (95%CI) P RR (95%CI) P RR (95%CI) P
GCV

Ql 25 1.00 1.00

Q2 26 0.51 (0.23—1.15) 0.107 0.49 (0.22—1.10) 0.088 0.67 (0.29—1.54) 0.347

Q3 26 1.89 (1.24—2.89) 0.003 1.81(1.19—2.76) 0.005 1.92 (1.14—3.24) 0.014

Q4 26 2.06 (1.37—3.10) <20.001 2.07 (1.40—3.07) <20.001 2.12 (1.28—3.51) 0.003

Model 1: Unadjusted; Model 2: Adjusted for gender, smoking, drinking, and family history of diabetes; Model 3: Adjusted for gender,

smoking, drinking, family history of diabetes, disease duration, and levels of BUN, Scr and HbAlc.

2.6 GCV A= HbAlc#¥ 4 T2DM & % 3 £ HUA
B A M A A ROC i 2 H T 3FAG GOV Xt
% T2DM & 9 & HUA B # M1, 4558 8w .
GCV #iill % T2DM & 44 Jf & HUA 9 il £ T 1
1 (area under curve, AUC) H}0.859 (95%CI=
0.783~0.935, P<<0.001), ffE#WifE R 58.5%,
RWBENT. 7%, RS HR76.7%; HbAIc Tl
KL% T2DM # 3% 3F k HUA B AUC K 0. 778, etk
B (E N 62.6%, RBERT2.9%, FRERN
73.3% . WK1,

3 3 #

2023 4 RS Y ok Bk T2DM B &R
KRB EFEE, B ARERIE & kR 2R
Bk, —WORHMAE R Y R 5k
T2DM B # i, B % T2DM B3 & il & M B
IMLAE B 7 i AR @t A AR B 2, 2
NG Tz AL, 2 R e
GAE . HUA PR — R e A 5 i A 1k 2055

ROC curves
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2
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go.bo =—HbAlc
2]
N
GCV:AUC=0.859
0.25 (95%CI1:0.783—0.935)
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(95%CI1:0.679—0.877)
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Fig. 1 ROC curves of GCV and HbAlc for prediction
of early-onset T2DM with HUA
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Bl FH DG AR I & 1 & 2R R R

ARG RL DR 56E T2DMA L, W
& T2DM 2 B HAF W /N, SRR, B s
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ALT. ASTHI TG/KF. HbAlc/KF. GCV, AKX
FPG ¥ . wFos " o & T2DM 41 &
Sl 1107 9= 2 N 20~ 16 o S =T
% T2DM H ¥ 51 % T2DM & It IR 4% 1E A A
A AE 5 L% T2DM 3 B 40 i i o 22 0 A ik R Tt
o S B M R ARPIAA G, WRgE T R
5500 B PR AR LS, T2DM % 4R A R S
R oy W 2 0, AN, AL T SR KR
1 AT fE R v R & T2DM B E A il 4 2% | 18
PRI & AE K 2B R R 8 T LR T Y
F 1. BUN S it B 2 il 2 2 11 A bIR 25 1Y
febr. ARG R E /R B & T2DM B # BUN K
VAL F ek T2DM B, XS54 REEL T
B Nk U R A B R A R AR AR A G
WFoE " Bon . mAE AIRE A S ECE NER N E T,
AIRE B NS UE . BRI M (R . B AF
R H AR B DR R R, B TE A R TR Y
PR EEE # R T RE U — Rz R Y AR
Urfg 2 Sub, 52 UKW a5 W K Ser L3,
BUN A] 8 #{ B i i GFR 28 4k 0 AR5,
A 24 B3 Ser K AT, HE & T2DM 41 55 7F
el s, WMARETREE 2, X —ERE L4+
T Ser/AKFERyERE, AN T BUN 76 2 i 2 41 (1]
GFR 25 5 J7 1 1) B0

HbA e /2 V7 Al 5 R s £ 2 309 i 4 42 1 24
VIR IT SO A bR i . SR, HbAlc JF A fig S e
A% 11 0 25 08 19 O o U3 R 0t W D8 2 o AR DR
T RAE I R R B AR, BFsE Y R
WL 2h 5 A AL R . N R T RE B AR R S RE AT K
B, 33X T BOR AE  K i R A R B R
GCV J& PP 4 109 1M W5 0 s 1% 00 i FZE 48 b, A b
PR I & HE 9 HbA Lo JE AR fE B PR 2, 4R
e & T2DM B, B GCV AM iy H 4 il 5 % 8
FEPR R . AR K TS R BoR . BE
SUA 7K ¥ 5 GCV Hl HbAlc K F 2 EM XX &,
HbAlc 58 % T2DM ¥ & HUA BH LS F GCV .
GCV J2 Jz e 8 & 10 D sl iR B 1) | 248 br o AT
g8 Y R B B RE TR R R R, KR A I B D
Sl B 2 T, H SUA /KT 5 108 % 20 s B A

K, X—LEIe SRR —5 ., ARG
1E A B 803 4 8 3% F GOV 5 B & T2DM i &
HUA KRR, 2R ER: ERIEW . WL
TR S OB DR K W . 9 BRI BUN L Ser
HbAlc K VG, GCV &b F 4 & WU 4 07 50 i 7 %
T2DM B # &4 HUA B XU B 2 Tt e, 3@ />
It % 2y i R TT e A R T BRI & T2DM B 1Y
HUA % 4 W o #F — 2 22 il ROC il £k # 53 #r
GCV Ml HbAlc %} B % T2DM # & 3 & HUA 1y
Wil , 459 85 GCV A HbA 1c 2 RE i B %
T2DM &4 3 & HUA, {H GCV X} & T2DM
HIF K HUA B2 Wi a0 ee R 0% FRE 5 3 4R
Bo BEgE P EoR . GOV HUN R % T2DM B % I %
HUA B fe A8 W 0 19.9%; 4 GCV K T 20%
BF, BRI XU e/, BREE GCV FHEr, ki
BE XS S48 50 E T, GOV RIE T CGM, Al iz e ifi.
Wsh AP sh, #F5% ) £ . FPG-GCV 5 T2DM #
H AT RANY 5K PE R AR Y 5K PO M R AT
RS AR ST OGS 4R I A I 8 mT B A A
SO R H A PR R bR o AN, TR B A i SZ
A BEE T2DM B & GCV 1 — AN I R bk i R 3 77
— IR AT Y KW T2DM H 3 i SUA K F
5L 5 AT & 3 W 2 A W OCHk . X
WX T 5% T2DM A 5, 45 6 il % Ok 3 A A
FFEAR HUA KUK

B % T2DM Fl & T2DM 3% 76 SUA 7K F 77
FEM 25 ST RE A BES R . ARAE RS R R & T2DM
) =R BEgE Y KB . HUA 1) B R 2
S 55 M e R I R A G I . SUNAE BV B SEIIESE T
BMI f] 4 5 H 90 = Wi %5 45 ¥¥ 38 %0 (triglyceride-
glucose index, TyG) 5 SUA M KR, BEm W
TyG #8505 HUA B R A LB, X g Rk
T2DM & SUAKFTFHE Ll 2 —. B ™ &
B SUATERRS BTl EZE/EH, SUAKF
W T kB-1E B — A A S B (inducible
nitric oxide synthase, iINOS) -—%& LA M55 T 2L
[ B B A LA 0, O T B R Ak B R 2 AR R 1R
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IR i & T2DM & 1 HOMA-IR 1 25 5%, 42
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