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Table 1. The serum biochemical indicators of diabetes mellitus and diabetic cardiovascular complications
Groups D1 D3 D5
Alanine aminotransferase, ALT/(U/L) 14.96+6.89°% 21.73+16.26° 21.84+10.01°
Aspertate aminotransferase, AST/(U/L) 18.87+6.60 20.32+10.60 20.89+7.64
Alkaline Phosphatase, ALP/(U/L) 56.56+12.86° 68.56+25.56" 72.95+24.20°
Albumin, ALB/(g/L) 42.08+2.03 43.18+2.80 48.28+3.26
Urea Nitrogen, UN/(mmol/L) 4.32+1.23° 5.27+1.84° 4.80+0.97%
Creatinine, CREA/(umol/L) 55.03+15.18 57.03+14.95 58.39+15.78
Uric Acid, UA/(umol/L) 267.32+45.62° 316.20+52.79" 284.71+69.94°
Total Cholesterol, TC/(mmol/L) 4.47+0.46% 4.24+1.05° 4.86+1.02°
Triglyceride, TG/(mmol/L) 0.94+0.25° 1.49+0.74° 1.56+0.96"
High-Density Lipoprotein Cholesterol, HDL-C/(mmol/L) 1.24+0.24 1.18+0.22 1.18+0.24
Low Density Lipoprotein cholesterol, LDL-C/(mmol/L) 2.61+0.38% 2.53+0.91% 3.04+0.91°
Apolipoprotein-Al, APOA1/(g/L) 1.39+0.18 1.35+0.21 1.43+0.28
Apolipoprotein-B, APOB/(g/L) 0.72+0.09% 0.73+0.21% 0.89+0.25"
Fasting blood glucose, FBG/(mmol/L) 4.72+1.51° 8.30+1.65" 8.56+0.63"
Insulinum, Ins/(pmol/L) 44.67+24.84° 88.97+49.00° 88.42+45.38"
Glycated hemoglobin, HbA1c/% 5.25+0.28° 7.43+0.93" 7.74+0.98"
High-sensitivity C-reactive protein, hsCRP/(mg/L) 0.93+0.88° 1.10+0.99% 2.40+1.86"

Row data marked without the same superscripts differ significantly (P<0.05). The same as follows.
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The a-diversity comparison at species level.
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Figure 2. Microbial population distribution in fecal samples at the phylum level. The microflora structure of all

samples are at the phylum classification level. The horizontal axis represents the sample number. D1: healthy
control group; D3: diabetic cardiovascular complications group; D5: diabetes group. The vertical axis represents

relative abundance.
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Figure 3.

Microbial population distribution in fecal samples at generic level. The microflora structure of all

samples are at the genus classification level. The horizontal axis represents the sample number. D1: healthy control
group; D3: diabetic cardiovascular complications group; D5: diabetes group. The vertical axis represents relative

abundance.
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Figure 4. Microbial population distribution in fecal samples at the species level. The microflora structure of all
samples are at the species level. The horizontal axis represents the sample number. D1: healthy control group; D3:
diabetic cardiovascular complications group; D5: diabetes group. The vertical axis represents relative abundance.
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Figure 5. Comparison of beta diversity among

different groups at generic level. D1: healthy control
group; D3: diabetic cardiovascular complications
group; D5: diabetes group.
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Figure 6. Comparison of beta layer diversity among

different groups at species level. D1: healthy control
group; D3: diabetic cardiovascular complications
group; D5: diabetes group.
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SEEHH T, BEETTFERL/DKE R
Subdoligranulum unclassified & . JERER ] E AL
)& Megamonas unclassified & . 45 [
J& 1Y Bacteroides massiliensis F&, = 5 FEXT R
21 AH b k2 AR (P<0.05) 5 IR AT T 1 SUBZ AT I ) 1Y
KOBUBHF I . 28T BT )54 QR 8 1 R 5 4 IR
W, R TR 4] (P<0.05), Hj{athR X}
HREIAR LG, BRI o 0L 5 R J8 8 2 h P T
[ THOUAT B R SR HDUAF 71 1 2 B {35 31K (P<0.05),,
M T2DM 4 2 i 00T B /Y 4= B2 40 8 3% T v
(P<0.05)( 2).
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Table 2. The gut microbiota with significant differences among the 3 groups

Phylum Genus Species Relative abundance/% D3 compared D5 compared
D1 D3 D5 with D1 with D1

Proteobacteria / / 322 1277 1338 1 1
Actinobacteria / / 186 1085 886 1t 1
Firmicutes / / 38.85 28.70 30.01 | l
Actinobacteri Bifidobacterium / 1.28 965 822 1 1
Firmicutes Subdoligranulum / 384 142 253 | l
Firmicutes Megamonas / 587 082 054 | l
Firmicutes Ruminococcus  / 281 122 158 | l
Firmicutes Roseburia / 3.03 142 115 | l
Firmicutes Eubacterium / 8.01 476 496 | l
Proteobacteria Escherichia / 052 6.12 954 1 1
Firmicutes Subdoligranulum Subdoligranulum unclassified 3.76 141 251 | l
Firmicutes Megamonas Megamonas unclassified 421 066 035 | l
Bacteroidetes Bacteroides Bacteroides stercoris 456 148 837 | 1
Bacteroidetes Bacteroides Bacteroides massiliensis 3.06 080 138 | !
Actinobacteri Bifidobacterium Bifidobacterium longum 056 539 479 1 1
Proteobacteria Escherichia Escherichia coli 041 458 770 1 1
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Gut microbiota in diabetic patients and diabetic patients with
cardiovascular complications
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Abstract: [Objective] To explore the possible role of intestinal bacteria in the occurrence and development of type
2 diabetes mellitus (T2DM) and cardiovascular complications, we analyzed the difference of intestinal flora
between T2DM patients, T2DM patients with cardiovascular complications and healthy volunteers, and the
association of intestinal flora with blood glucose and blood lipid. [Methods] A total of 251 healthy controls, 160
diabetic patients with cardiovascular complications and 295 diabetic patients were collected. From each group 30,
30 and 40 subjects were randomly selected for blood biochemical index analysis and metagenome detection of
intestinal flora. [Results] The levels of serum alanine aminotransferase, alkaline phosphatase, triglyceride, fasting
blood glucose, insulin and glycosylated hemoglobin in diabetic cardiovascular complications group and T2DM
group were significantly higher than the healthy control group (P<0.05). The a-diversity of intestinal microflora of
diabetic patients and diabetic patients with cardiovascular complications was significantly decreased, and the
intestinal microbial communities were unbalanced compared with that of the healthy controls. The majority of
dominant bacteria in the healthy control group were from Bacteroidetes and Firmicutes, whereas the majority of
dominant bacteria in the diabetic cardiovascular complications group and the diabetic patients group were from
Bacteroidetes, Proteobacteria and Actinomycetes. Compared with the healthy controls, the proportion of Firmicutes
was significantly decreased, and the proportions of Actinomycetes and Proteobacteria were significantly increased
in the diabetic patients with cardiovascular complications and diabetic patients. At the species level, fasting blood
glucose had a positive correlation with Lactobacillus mucosae, Escherichia coli and Bacteroides fragilis, and a
negative correlation with Eubacterium ramulus, Roseburia inulinivorans, Roseburia hominis, Eubacterium eligens
and Ruminococcus callidus, low density lipoprotein cholesterol had a positive correlation with Streptococcus
cristatus and a negative correlation with Lactobacillus amylovorus, and total cholesterol had a positive correlation
with Streptococcus sanguinis. [Conclusion] T2DM patients and T2DM patients with cardiovascular complications
had obvious abnormal glucose and lipid metabolism and intestinal flora imbalance. Intestinal flora disorder may
play an important role in the pathogenesis and progression of diabetes.

Keywords: intestinal flora, type 2 diabetes, cardiovascular complications of diabetes mellitus, blood biochemical
indexes, metagenome analysis
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