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The study of clinical features and gut microbiome of newly diagnosed type 2 diabetes

patients with hyperuricemia
CHEN Rourou, LI Na, HE Rongbo,ZOU Jing,LIU Qing,ZHANG Ying,LIU Yu"

Department of Endocrinology and Metabolism , Sir Run Run Hospital , Nanjing Medical Universtiy , Nanjing 211100,
China

[Abstract] Objective: The study aims to provide new targets for the prevention and treatment of newly diagnosed T2DM with HUA
by analyzing the clinical features and the gut microbiome.Methods: A total of 103 patients with newly diagnosed T2DM and 98 patients
with T2DM with HUA were included. According to the admission conditions, age- and gender-matched newly diagnosed T2DM patients
with HUA (DMUA group) and newly diagnosed T2DM patients (T2DM group) were selected, and age - and gender - matched
hyperuricemia patients (HUA group) and healthy volunteers (Control group) were included at the same time. The clinical data and
biochemical test results were recorded. The data were analyzed by chi-square test, analysis of variance , Tukey-HSD Test and Wilcoxon
rank sum test method. Stool samples of 4 groups were collected and sequenced by 16S rRNA high-throughput sequencing method and
all the data were finally analyzed by bioinformatics. Results: D Comparison of clinical features: CHO, TG, Al were higher in DMUA
than T2DM group, LDL in DMUA was only higher than the T2DM group with a history of more than 5 years. DMUA group were younger
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and had a greater prevalence of fatty liver than T2DM group, but HbAlc in DMUA was lower than T2DM group. Compared with the
T2DM group, HUA group and the Control group, the DMUA group had a significant decrease in high - density lipoprotein and a
significant increase in triglycerides. And compared with the T2DM group and HUA group, the arteriosclerosis index of DMUA groups
was significantly increased.@The gut microbiome analysis: The a diversity index of the DMUA group was significantly lower than that
of the Control group. There was a significant difference in 8 diversity between the DMUA group, Control group and the HUA group. In
the analysis of bacteria abundance , compared with the HUA group, {_Prevotellaceae and g_Megamonas were significantly increased in
the DMUA group, while p_Bacteroidetes, c¢_Bacteroidia, o_Bacteroidales, {_Bacteroidaceae, g_Bacteroides, {_Tannerellaceae and
g Parabacteroides  were significantly ~decreased. Compared with the Control group, c_clostridia, o_clostridiales,
{_Peptlostreptococcaceae and g_Romboutsia were significantly decreased in the DMUA group. Conclusion : Compared with long-course
T2DM with HUA and newly diagnosed T2DM alone, the group with newly diagnosed T2DM with HUA is more likely to have abnormal
lipid metabolism. The gut microbiome of the DMUA group is different from that of the T2DM group , HUA group or Control group, which

may be related to the occurrence and development of T2DM and HUA.

[Key words] type 2 diabetes ; hyperuricemia;the gut microbiome ; 16S rRNA
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£1 7FEHET2DM & H HUA B— 1558 R I R B BHL B4
Table 1 General clinical data of patients with T2DM complicated with HUA in different stages (n=98)

4 <14E 1~54F >54E X/F 1 P{H
HE(H ) 24/5 24/3 29/13 4.272 0.118
ARG (%) 42.69 + 15.21 44.11 = 13.48 57.69 + 15.10" 11.400 <0.001
BMI(kg/m?) 26.83 + 3.66 25.95 +3.99 26.92 +4.18 0.538 0.586
S JIH B (mmol /L) 5.22 + 1.07 4.62 + 1.08 4.77 £ 1.29 1.973 0.145
Hith =18 (mmol/L) 5.51 £ 6.01 3.24 +3.40 3.55+2.61 2.606 0.079
e %% B AR A 1 (mmol/L) 1.18 +0.75 0.98 +0.33 0.97 £0.25 1.883 0.158
%% B2 AR 1 (mmol/L) 3.92 +2.59 3.06 + 1.08 2.80 + 0.95" 4.024 0.021
Sk fk %L 5.22 +2.65 476 +1.50 3.94 +1.42 2.291 0.111
AL (%) 8.10 + 2.64 8.24 +2.83 8.30 + 1.69 0.064 0.938
23 & 4% (mmol/L) 10.08 + 5.62 8.85+4.27 8.83 +2.96 0.882 0.417
JE % % (pmol/L) 71.85 + 48.79 57.45 +39.96 71.33 + 98.15 0.381 0.685
C ik (ng/mL) 2.65 + 1.55 225+ 1.13 221 +1.51 0.798 0.454
I3 PRAR (pumol/L) 485.60 = 94.00 464.40 + 45.50 470.70 + 57.40 0.740 0.480
I EAE(n(%) ] 3(10.3) 9(33.3) 21(50.0) 12.080 0.002
LR (%) ] 13(44.8) 16(59.2) 23(54.8) 1.255 0.534
NEWAT(n(%) ] 20(69.0) 18(66.7) 28(66.7) 0.049 0.976

IR RE BRI MAE BOMAE S 2, 3 I FHrp— I PR . S<VARLILAR, P < 0.05;55 1~54F4TLEER, P < 0.05,

®2 LW T2DM &3 HUA 5 24 FTiS BT T2DM B EE R 347
Table 2 Comparison of newly diagnosed T2DM patients with HUA and newly diagnosed T2DM patients

i FrSW T2DM & 3 HUA (n=29) Hr2WEALE T2DM (n=103) /¢ H P1H

P (B /Z) 24/5 63/40 4.696 0.045
IR (%) 42,69 + 15.21 49.86 + 12.94 -2.172 0.030
BMI(kg/m®) 26.83 + 3.66 25.57 £3.79 -1.750 0.080
S [ B (mmol/1) 5.22+1.07 4.69 +0.95 —2.443 0.015
H i =8 (mmol/L) 5.51 +6.01 2.38 £2.33 -4.670 <0.001
1o % B AR A 1 (mmol/L) 1.18 +0.75 1.13 £ 0.36 -1.129 0.259
{I%5 B i 25 1 (mmol/L) 3.92 £2.59 3.06 + 0.93 -1.075 0.282
BhkRE AR £ 5.22 +2.65 3.56 + 1.56 -3.652 <0.001
WL LT 35 1 (%) 8.10 + 2.64 9.59 +2.74 -2.621 0.009
25 & % % (mmol/L) 10.08 +5.62 9.90 + 3.89 -0.649 0.001
JHE 5% % (pmol/L) 71.85 + 48.79 38.46 + 36.22 -3.423 0.001
C K (ng/ml) 2.65 + 1.55 1.54 £ 0.89 -3.787 <0.001
IMLYE JRER (pumol/L) 485.60 + 94.00 281.30 + 78.80 -7.948 <0.001
I EHEn(%) ] 3(10.3) 11(10.7) 0.003 1.000
R n (%) ] 13(44.8) 28(27.2) 3.290 0.110

(%) ] 20(69.0) 44(42.7) 6.241 0.020

IR AR R LA (LA KR 2 s, 5 I FH A R

0.05,%3).
222 AFOTUMEEH
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Table 3 General clinical data of patients
ARt DMUAZ (n=9) T2DM#(n=8) HUAZ(n=8) ControlH(n=8) F/ME Pl
PN (B ) 6/3 4/4 4/4 3/5 1.47 0.68
AR (%) 43.00 + 17.70 50.25+10.80  38.88 +9.01 41.63 £ 6.26 1.16 0.34
BMI(kg/m®) 25.47 £3.26 26.01 +3.72 2430 + 1.27 22.88 +2.92 1.47 0.24
WAL ILLT 35 71 (%) 8.88 +3.01 10.03 + 2.70 — — 1.24 0.32
25 & %% (mmol/L) 10.35 + 4.84* 11.12 +3.31 471 £0.62 429+0.75 18.61  <0.01
L7 JR IR (umol/1) 46241 +58.14" 26537 +£49.45 430.18 £48.68  256.53£66.93 2609  <0.01
JULEF ( pumol/1.) 65.89 + 15.66 5238+ 1548  63.38+10.76  64.57 £ 13.41 1.38 0.27
AR I A4 (U/L) 32.60 +22.09 2339+ 15.11  29.09 + 13.45 19.80 + 14.55 1.07 0.38
KINZAIRATEEFERE(UL)  26.96 + 14.29 2053+ 1423 19.94 +7.50 19.81 +4.27 0.69 0.56
eI [ % (mmol/L) 515+ 1.18 4.87 £0.88 458 +1.22 424 £0.68 0.98 0.42
H i =8 (mmol/L) 3.87 +1.38" 1.91 +0.81 1.80 + 0.82 1.02 £2.99 11.67  <0.01
1= % B AR 2 1 (mmol/L) 0.91 +0.13" 1.25 +0.26 1.23 £0.15 1.37 £0.26 592 <0.01
1% B i 25 1 (mmol/L) 333+ 1.12 3.24 +0.88 3.09 = 1.10 2.65+0.63 0.56 0.65
BhkRE Ak 5L 476 £ 1.05" 3.08 +0.95 2.96 £ 1.03 — 6.99 0.01
DMUA ZH-5 T2DM 40 L1452, P < 0.05; DMUA 215 HUA 2H LEAE, P < 0.05; DMUA 2H S5 {at e A2 LA, “P < 005,
HUA Control
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Figure 1 Venn diagram of OTU
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Figure 2 OTU exponential dilution curve
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Figure 3 Box diagram of « diversity index of intestinal flora in each group
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Table 4 Weighted Unifrac and Unweighted Unifrac were

used to analyze B diversity (P14)
2H 5 Weight Unifrac ~ Unweighted Unifrac
DMUA wvs. Control 0.814 2 0.008 4
DMUA vs. HUA 0.0100 0.008 5
DMUA vs. T2DM 0.002 4 0.875 8
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Fe 4 T v T AURT 8 (P=0.003 06) A5 45 G i
(P=0.002 46) L AIFEAR
22.6 AW OTU 27 R F oM

DMUA 215 HUA dHAH L (B 6 A . B) , R IK G

PCoA-PC1 vs PC2

0.2
0.1 Ny
01 «Control
“T2DM
—0.14 *HUA
DMUA
§ -0.24
o)
=
N
— |-0.31
= /
&) T T T
=

-03 -02 -0.1 0 0.1 0.2
PC1(37.25%)

BRI ES — E AT, T 43 LW 2R 88— E RS xR I 22
SePERTBRY DTRREE s BT ARER A2 58 — RS, i 43 HE I 3RO 5
TSR AEAR 14 25 S L BB DR EE

B4 ETF weight unifrac BB PCoA

Figure 4 PCoA based on weight Unifrac distance

I B} (f_Prevotellaceae ) Fl Fi 5. Jif] 7] J& (g_Megamo-
nas) i 35 M, WA 8 1] (p_Bacteroidetes )  fUUFT
H 4 (c_Bacteroidia) . FUFF 5 H (o_Bacteroidales ) .3l
¥F 4 BE (f_Bacteroidaceae) . 1 ¥ i J& (g_Bacteroi-
des) HYE £} (f_tannerellaceae) Fl g_Parabacteroi-



RA2BE S MRS, A WL BRORUE, SF. WS 2 BURR B 5 O v PR IR AT S8 I RARE B i 1B A2 A [ .

20224E8 H MR E 2 (AR ,2022,42(08) : 1125-1132, 1141 1131~
A 1004 Others B 00, Others
B Verrucomicrobia B Alloprevotella
Chloroflexi Parabacteroides
0.754 B Tenericutes 0.754 B Dialister
gid B Gemmatimonadetes . i B Faecalibacterium
# 0.50 Acidobacteria i 0504 =— i Fusobacterium
= - : = i
= B Acitnobacteria o ¥ Blautia
< B Fusobacteria = ¥ Bacteroides
0.25+ B Proteobacteria 0.25+ ¥ unidentified_Enterobacteriaceae
B Bacteroidetes B Klebsiella
i B Fimicutes i B Megamonas

Control T2DM HUA DMUA

Control T2DM HUA DMUA

AR5 B BRI
E5 [IkEFEKEHBEIFSHER

Figure 5 Relative distribution of phylum level and genus level

des B8/

DMUA 415 Control HAH L (K16 C.D) , K2 B 44
(c_Clostridia) .#2 & H (o_Clostridiales ) . 74 1k £ Bk
I Bl (f_Peptostreptococcaceae ) . g_Romboutsia I
b
303 #

AW ST HY — Bl PR BTRE XS LG TP Y s T 12 I
T2DM 5 91 HUA 55 G IR S 0 OF & 5 =
BONIENG D HEAR . BUA 22 T 5 X UE 52 0 1 T R
SHE BRI | e PRIR LA B AR AR AR DG o,

A EEDMUA EEHUA

1 1 1 1 1

f_Bacteroidaceae
_Bacteroies
o_Bacteroidales
c._Bacteroidia
p_Bacteroidetes [

s_Bacteroides_yulgatus
f_Tannerellaceae ]
g! Parabacteroides [
s_Parabacteroides_distasonis [

s_Bacteroides_stercoris [

¢_Caproiciproducens [

s_Anaerostipes_caccae [
h f_Prevotellaceae
I i nonge

I ] ]
-6.0-4.8-3.6-2.4-1.20.0 1.2 2.4 3.6 4.8 6.
LDA SCORE(log 10)

I Control
1 1 1 1 1 1
c_Clostridia IR
o_Clostridiatles IR
I

f_Peptostreptococcaceae

g Romboutsia [N

o 1 2 3 4 5
LDA SCORE(log 10)

JIT AR AT HE T i 38 B RE 5 8012 W T2DM & 5 HUA
1) A A e e R AR S 7T BEAFAE — /& 1 5C
Ro MM WHE R R, DMUA 415 HUA
AR, JEERETE ] % 7R IR QBRI B B i s
FEHm, AR E TN B B R ) HAN R
Parabacteroides [# J& B W8/, DMUA 45 Control
AL, AR A W H IHAEBEBRERE . Rombout-
sia A& i E LD

Shao 55! (A7 S i WU ZE A T A S HAR A
AR IR IR XU AT 7R A — L8 2R B0
WA B R a4, H 5 PRI HEME R i S ¢

mma:f_Bacteroidaceae
mmb:f Prevotellaceae
mmc:f Tannerellaceae
mmd:o_Bacteroidaies
mme:c_Bacteroidia

Cladogram

mma:f Bacteroidaceae
mmb:o_Clostridiales

== Control mmc:c_Clostridia

A C: LDA BB A FEAR B RS 1A ) 2 6] = 132 22 5 b S5 M e, LA BEARAR 9 02 28 S W R ¥ 52 0 g (R LDA Score) s B D= L3 5]

H1 N 2SN R A CR Hh TT 2 8 (BR) 73290 . AR 32900 i A4 /INBRI BB D 2K B B —A 2028, LB AR RN S A 2 B S TR L
E6 DMUA 485 Control 4 .HUA £/ LDA E45 IR Ef# 4 5 2 B

Figure 6 Histogram of LDA value distribution and evolutionary branching of DMUA group, Control group and HUA

group



-1132- [ S PN

4264 8 1)
20224F8 A

i S50 AH D& B A3 = s e A B S O . i KUR
4 P8 TR DA 0 AOURF B FRIR 2 A TR 1 A
b, 7R T W aE v 3 T R AT R T R PR IR XU
AR RAFAE AR . A, BT T T AR AT
BRI DAV ZE A0 FT TR 8 I 5 5 i 5 Kbt M
BEIRGAI S TEAHIEGE H, DMUA 41 A A B 55
HUA 21 2. 3508 /0 , A B AR B 49 M B H EE Control
2 B S ek /L, DR PR B M P 5 R R A ke 5 2%
FEPUIAAAE AR e E B i b T REE— 24
PEFrZ I T2DM 4 )F HUA R 2R 5K &

Pt SCHRARIE" ", 55 R [ R IR 7™ A= A ™
A A8 [ B 5% e 0l W K PR R KOV o EARBEGE
DMUA 2l 5 HUA 4076 J@ /K A0 He g, He o7 R G
Ja& H i) S 3 AL, R 5 A EC TR R = B A o/ T
AE 22 5B i T2DM & JF HUA % E & e B A %

DR AR 0 s 01 5 PR RE TR 1] AR TR 4 A
W H B A AR e S ™ FEARBFIEH,
DMUA 45 Control 41 %) 718 TR BEXT E H , HL R BE B
Tk /D MR R AN R R H R D BOHEN DMUA 21
55 Control 21 2[RI 7 7E 1) 25 57 1A = i 1 A8 Ak ] g A&
SECHZ W T2DM &3 HUA R IR E Z — ., 1E
fifi F LEFSe 7715 19 4387 Th R & 3 DMUA 415 T2DM
HAFAE I B 25 55 18, X 1T B P AL AR i R X 45
A, AR YGRS A 3D IR 8 il i RAEAR
i,

Il PRI e, B2 W T2DM & 1 HUA 2 Lt
Jpa B >S5 A2 AR 2 B i A 11 e 3 i (P=0.02)
AL BRUE R 24 s i B 1~5 471 R s ]
U B 95 58 >5 AT (18 S5 5 S B A RO sl — FF AL
FICER 25 RE Rl B 55 2%, % 1 — F U g A QB A7 AE —
SE R RZ I, L[] s 2% 52 ) 4 JotE ) TR 2 P 2 1Y)
M, Ji 25 A — A G B2 K i KA AR e XA
KAIRE—2 517

£ 1, DMUA 21 B 7745 114 Jim 3 11 7 = B B 21 g
1) 22 5 AT BB 2 BT 2 W7 T2DM & JF HUA 19 & A2 Sk
JRINEEZMARZ —, HHTHEREERE
BE BRI R, AR S A7 — 2 B R R
ATy 25 RS IR ARK L, AT XS 520 14 R G A
Filb— Ak, R W E S5 H2  T2DM A 3
HUA Z [ BRJZ IR R, e 2] %) 25 5 A A
SEOYMTIE—25 T AN R | R L SRR AR
AL, DR E B2 W T2DM A 3F HUA 1)
LW TG SIRYT I

(8% 30k ]

(1] pARBE 2 NI o2 v T s R BR ILAE 5 9 K12
JrR R (2019) () . FhAe g ib Q2R A, 2020, 36 (1) -
1-13

[2] GLIOZZI M, MALARA N, MUSCOLI S, et al. The treat-
ment of hyperuricemia [J]. Int J Cardiol, 2016,213(1) :
23-27

[3] YUS,YANG H,GUO X, et al. Prevalence of hyperurice-
mia and its correlates in rural Northeast Chinese popula-
tion: from lifestyle risk factors to metabolic comorbidities
[J]. Clin Rheumatol ,2016,35(5) : 1207-1215

(4] M .00 B, B8P, 5 sl 2 BUOBE IR R H S
I PRIR MLAE B FE R P A [0 ). g st R R4
(FARBI¥AR) ,2018,38(11) : 1540-1544

(5] Hhglud, b 5F, kg, 5. IRKF 5SS S IEL
R A RAEDFFR [T ], Bt BRI A2 (A SRR
fi2),2011,31(11):1614-1619

[6] YAN D,WANG J,JIANG F,et al. causal relationship be-
tween uric acid and diabetic macrovascular disease in
Chinese type 2 diabetes patients: A Mendelian randomiza-
tion analysis[J]. Int J Cardiol,2016,214:194-199

(7] 25, ®LE 8,5 RBOKF- 50012 2 B IR
o B AR SCHEDFSE () . E 259 5 R K , 2020, 20(7)
1169-1170

(8] ZEEES, i IORE R . AR 1 1 3 TR A DG
wFgEdt L) ] i F e TR, 2020,28(23) : 1192-
1199

[9] LIB, ZHANG X, GUO F, et al. Characterization of tetra-
cycline resistant bacterial community in saline activated
sludge using batch stress incubation with high-throughput
sequencing analysis [J]. Water Res,2013,47(13) :4207-
4216

[10] MINCHIN P R. An evaluation of the relative robustness of
techniques for ecological ordination[ M ]. Springer Nether-
lands, 1987:187

[11] SEGATA N, IZARD J, WALDRON L, et al. Metagenom-
ic biomarker discovery and explanation[ ] ]. Genome Biol,
2011,12(6):R60

[12] {1378, 2 BB R B FCRTSHPIR 25 A il 12 FHE A5 Ak
SAFTLD ] TN BT BERRR A, 2013

[13] BREERK, B 3. B TS 5 00 90 SO 5 R 3R 41K
PUIARSEPELT ] 258010, 2019,16(6) :55-58

[14] CANI P D, JORDAN B F. Gut microbiota - mediated in-
flammation in obesity: a link with gastrointestinal cancer
[J]. Nat Rev Gastroenterol Hepatol,2018,15(11):671-682

[15] SHAO T, SHAO L, LI H, et al. Combined signature of

the fecal microbiome and metabolome in patients with

(F#% 1141 1)



