CHAPTER 4
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4.1 Introduction

This chapter describes the findings of this study. Fi tlxthe characteristics of

study participants based on ethnicity and/or diabet us a eW. This is

@
followed by microbiota diversity and compositional @nalysis at the ph rr arg;&-nus
Y
taxonomic levels. The gut microbiota data is then for correlational anstis with
NV
the variables investigated in this study. Lastly, theyfindin \omthe sg@ﬁatic review

are summarized. 0) \w\ -\é
S

4.2 CharacteristicsofStLM ticiw “‘\A(?;-

ics (anl‘w

S
5
The clinical ch I rop ekrys@mographic, diabetic profile and
4 &
\aﬂl pan

biochemical param)f the| gepruited in this study, consisting of 45
participants eacw on

-9

DM@EMpS, respectively are shown in Table 4.1.

!

¢

Participants atched b ni{itywcl%reby each group consisted of 15 Malay, 15
Chinese Indian parti Fants@ectively. The characteristics of participants are

Y-v

rep@ either mean + SD\(@Vnormally distributed data or median (interquartile

rg\e,&gR) for non-normally distributed (skewed) data.



In comparing the anthropometric, demographic and diabetic profile
characteristics between nonDM and T2DM groups, the age and BMI were foun
significantly different. The T2DMs were older (57.02 + 9.98 years) t@DMS
(45.07 + 12.82 years) and had higher BMI (28.35 + 4.99 kg/m?) than n. (26.14 =
5.01 kg/m?). As expected, the diabetic parameter i.e., FPG level Waﬂwzigniﬁcantly

higher in T2DM (9.25 + 3.43 mmol/L) when compared tq M (5.21 = 041

The biochemical parameters consisted of three m te S,M.fuwﬁon
_ . R |
test (LFT), renal profile (RP) and fasting serum (FSL). InfL nly-ALP was

0
— o 4
significantly higher in T2DM (84.67 £ 19.81 UWen comparedto no (76.16 =

mmol/L).




Table 4.1 The Characteristics of Study Participants in NonDM and T2DM Groups,

n=90.
A w . 4
NonDM T2DM All participants ‘
Parameters Mean + SD or Mean + SD or Mean +SD or p-value oR (65% &)
Median (IQR) Median (IQR) Median (IQR) %
n=45 n=45 n=90

Age (years) 45.07+12.82 57.02+9.98 51.06+12.92 <0.001 . .05 -1.14)

Gender (M/F)* 10/35 16/29 26/64 0.163

Height (m) 1.60+0.10 1.60 £ 0.10 1.60+0.10 0.940 Wo.m —58.78)

Weight (kg) 67.34+£ 1454 72.42+1276 69.88+13.84 0.0 103 (0.99 - 1.06)

BMI (kg/mz) 26.14 £5.01 28.35+4.99 27.24 £5.10 O.OENMO (1.00 - 1.20)

Diabetic Profile

FPG (mmol/L) 521+041 9.25+3.43 5.70 (3.38 .0 .69 (3.01 — 25.07)

HbAlc (%) N/A 7.40 (2.80) i

Glucose control N/A 11/34 \d

(good/poor) "

Years diagnosed N/A 3.00 (8.50) \Y.
Liver Function Test ' ‘4)

TP (g/L) 72.76 £4.02 73.36 +3.37 4 1.05 O'§S -1.17)

Albumin (g/L) 4158+290 42.13+2.83 . 1.07 &@3 —1.24)

ALP (U/L) 76.16 £ 19.62 84.67 + 19.81 . 1 .00 —1.05)

ALT (U/L) 16.00 (9.00) 22.00 (14.50) .080 (0.99 - 1.06)

TB (umol/L) 10.00 (6.00) 10.93+ 3. 9 .98 (0.90 - 1.06)
Renal Profile («

Urea (mmol/L) 4.08 +£1.27 .Olo 1.46 (1.08 — 1.96)

Na (mmol/L) 137.84 £2.72 512 0.95 (0.80 - 1.12)

K (mmol/L) 4.03+0.28 1.77 (0.53 - 5.93)

Cl (mmol/L) 102.71 £ 2.62 0 0.83 (0.71 -0.98)

Cr (mmol/L) 64.78 £ 14.68 .062 1.02 (0.99 - 1.04)
Fasting Serum Lipids

TC (mmol/L) 5.64 0.83& : 0.756 0.94 (0.64 —1.38)

TG (mmol/L) 1.20+ 0 .50 1.30 ) 0.002 3.75 (1.64 — 8.58)

HDL (mmol/L) 1.3+ o.3§ . i 1.34%0.31 0.076 0.28 (0.07 — 1.15)

LDL (mmol/L) 3. . 3& 1.08 0.201 0.77 (0.52 - 1.15)

HDL/TC (%) 24.84 £ 7. "2&9,0 +6.94 0.203 0.96 (0.90 - 1.02)

Data are expressed as meal

SD for normakdataar |
using Simple Logistic ressiomyfor conI]:nuous riables
p-value < 0.05 is significa

I, 'Bedy maSs i

M/F, male/female; N
nlng

ALP, Alkaline ph
chloride; Cr,
lipoprotein.
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C, tot
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ndex

e; ALT, Alani

: G,flsti
i otransal
cholesterol; TG,ér_iglyceride; HDL, high-density lipoprotein; LDL, low-density

.

e

N

edian ['r{@_rgﬁartile range (IQR)] for skewed data, analysed
hi-square test for categorical variables in SPSS,

a glucose; HbAlc, hemoglobin Alc; TP, total protein;

inase; TB, total bilirubin; Na, sodium; K, potassium; ClI,

N
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In Table 4.2, the clinical characteristics of all study participants were compared
by ethnicity. The Chinese participants were older (56.00 = 12.12 years) than the

participants (48.97 + 12.69 years) in this study. Meanwhile, the mean wei@vo
12.91 kg) and BMI (29.06 + 6.06 kg/m?) of the Indian participants wi ignificantly

I+

higher when compared with the Chinese participants (63.57 11.5Rg and 24.94 +

3.99 kg/m?, respectively). \,

In LFT, the levels of albumin and ALP were found |gni1icantl different
across the ethnic groups. The albumin level was higher in €hine MQ.GJQQIL)

N
when compared to Indians (40.77 + 2.60 g/L). Th@partici nts'had !ig-bjt.‘f?cantly

. & b
higher ALP (89.20 + 22.97 UJL) than the ertucw 00 +19.25 U/L).

Meanwhile, in RP, none of the parameterwwgnifi%tl ere&a}the FSL test,
be s

HDL, LDL and HDL/TC ratio was fo tly d@ent. The Chinese

participants had significantly incr &aDL (J.b_\ga %@L) and decreased LDL
? @

ignifi
(3.10 £ 0.92 mmol/L) when ¢

ed to%jj}s“(ﬁ&o.zz mmol/L and 4.01 +
0.96 mmol/L, respectively)ymvhili the ? /T@io was significantly increased

'
in the Chinese (28.13 £%7.78%) in co on Q/ th Malays (23.41 + 5.75%) and

Indians (20.16 + 4 m @ é')
N C

(o
&
S
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Table 4.2 The Characteristics of All Study Participants by Ethnicity, n=90.

Malay Chinese Indian
Parameters MeanzSDor MeanzSDor MeanSD or -va%
Median (IQR)  Median (IQR)  Median (IQR) \
n=30 n=30 n=30 o %
Age (years) 48.20 +12.89 56.00 + 12.12 48.97 +12.69 0.033
Gender (M/F)* 10/20 6/24 10/ 0.421
Height (m) 1.59 +0.10 1.60 + 0.10 1.62 + 0.581
Weight (kg) 70.77 £ 14.67 63.57 + 11.55 75301 0.003
BMI (kg/m?) 27.72+4.23 24.94 + 3.99 29.06 + 6. 0.005
Diabetic Profile N
FPG (mmol/L) 5.50 (4.05) 5.70 (2.43) '60) 0.794
HbALc (%) 8.30 (3.60) 6.70 (2.00) %60) 0.197
Glucose control
(good/poor)* 3/12 6/9 2/13 0.209
Years diagnosed 3.00 (9.00) 3.00(7.0 6.00,(10.00) 0.636
Liver function test o
Total protein (g/L) 73.43+£4.29 72.73 £ 4! ! . L§7v65
Albumin (g/L) 42.33+3.12 42.47 +2. Lg .036
ALP (U/L) 75.00 £ 19.25 0.011
ALT (U/L) 21.00 (21.50) ™ o078
TB (umol/L) 10.00 (3.29) 0.164
Renal profile
Urea (mmol/L) 4.15 (1.58) 0.548
Sodium (mmol/L) 137.70 £ 2.32 0.214
Potassium (mmol/L) 4.07+0.28 0.126
Chloride (mmol/L) 101.70 £ 2.65 . . 0.303
Creatinine (mmol/L) 65.00 (26.7 50°(25: Y 50,(29. 0.540
Fasting serum lipids
TC (mmol/L) . ) 5.27 £ 080 c35.86 +1.05 0.105
TG (mmol/L) 30(0.93) , <% 150 (0.45) 0.619
HDL (mmol/L) 0.33 & 117 0.22 0.002
LDL (mmol/L) 10 +0.92.7 4.01+0.96 0.004
HDL/TC (%) 2818+ 748>  20.16 % 4.61 <0.001

Data are expressed as mean +
continuous variables using An
Mann-Whitney U test) and “Chi-sq

edia inkrc@l@ range (IQR)] for skewed data, analysed

?onferr |)Pr ruskal-Wallis test (pair-wise comparison with
eg t}ﬁ?‘sﬂn SPSS, p-value < 0.05 is significant.

M/F, male/female; BMI (MS inde>‘ FPG, fasting pla ucose; ALP, Alkaline phosphatase; ALT, Alanine
aminotransaminase; TB, bilirubin*kC, tot olesterdly TG, triglyceride, HDL, high-density lipoprotein; LDL,

-hoc test

test fi | vari

low-density Iipoprot\ O

. ¢ ! C—)
Age: Chinese vs p=0.033 4 (_}
Weight: C i&%dia} p=0.00 ‘é\\
BMI: Chi vs'Indian p=0.004 d’ T
Albumig; Ghinese vs Indian p=0.04®,

B ay vs Indian p=0.016

- Chinese vs Indian p=0.001
QL: Chinese vs Indian p=0.003
DL/TC: Malay vs Chinese p=0.012, Chinese vs Indian p=<0.001
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In Table 4.3, the clinical characteristics of nonDM were compared by ethnicity.
The Chinese nonDM (52.87 + 12.64 years) were older than the Indian nonDM?m
+ 8.59 years). Conversely, the Indian nonDM (75.80 + 16.25 kg) had a h@ight
in comparison to Chinese nonDM (60.13 + 11.10 kg). In LFT, Ma DM had
significantly increased albumin (43.00 £ 2.59 g/L) and significantWeased ALP

(66.53 + 18.36 U/L) in comparison to Indian nonDM (40.27 £ 3. /L and 88.47 £

i ac differences in the
test, h.ihesganM had
@

significantly increased HDL (1.59 + 0.30 mmol/L) a L/TC rati 9.p7_@48%)

20.75 U/L, respectively). Meanwhile, there were no si

diabetic profile and RP test in the nonDM group. In

in comparison to both nonDM of Malay (1.42 m% .32 @5%) and

85 respe@g~

In Table 4.4, the clinical char N sof T2D ere c@ared by ethnicity.

Indian ethnic groups (1.09 £ 0.13 mmol/L w 3 +ﬁi

The Indian T2DM had a significa er B \5 Q*kg/mz) than the T2DM
from Chinese ethnic group ¢ f’ IQ/ FT, Malay T2DM had
significantly increased AL 0 (2 OO) ] th th T2DM of Chinese [19.00
(12.00) U/L] and India ( ejh% oups. Meanwhile, there were no
agmﬂcantdﬁfer@nd |n|bot ia etlc;éﬁ and RP test. In FSL test, the Indian

T2DM had si | ntIy i crea [pL ﬁ)(} .31 mmol/L) than the Chinese T2DM
(279 £ 0. m other hé.a Indian T2DM had a significantly decreased

% 09‘1@&2 é\\parison to both T2DM of Malay (21.51 + 5.76%)
anée (26.29 + 6. 79%) \llc groups, respectively.
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Table 4.3 The Characteristics of NonDM Group by Ethnicity, n=4

X

Malay Chinese Indian
Mean £+ SD or Mean £+ SD or Mean = SD
Parameters Median (IQR)  Median (IQR)  Median (|A ~value
n=15 n=15 n=

Age (years) 43.33£13.22 52.87 £ 12.64 39.00%48. 0.007

Gender (M/F)* 5/10 1/14 11 0.188

Height (m) 1.59 +0.11 1.57 +0.07 \Vo.lo 0.102

Weight (kg) 66.10 + 11.97 60.13 +11.10 16.25 0.009

BMI (kg/m?) 25.99 £ 2.60 24.31 £4.50 12 +6.65 0.113
Diabetic Profile

FPG (mmol/L) 512+ 041 5.21+0.42 5. JO.41 0.469
Liver function test v

Total protein (g/L) 73.47£5.42 72.40 £ 3.20 40+ 3 P 3

Albumin (g/L) 43.00 + 2.59 . ; 31

ALP (U/L) 66.53 = 18.36 _\530.005

ALT (U/L) 18.00 (9.00) . 0.612

TB (umol/L) 10.00 (5.00) (5.0% 0.113
Renal profile

Urea (mmol/L) 431+1.36 4, ; . 0.586

Sodium (mmol/L) 138.53 +1.88 Wo +2. 136.60".3.40 0..092

Potassium (mmol/L) 3.99+0.2 % 97 413+0.31 0.238

Chloride (mmol/L) 102.60 + 2.2& 3.47+2.26 1(@ +3.24 0.343

Creatinine (mmol/L) 70.40 £ 16.25 60.93 + 11. ﬁ +15.10 0.180
Fasting serum lipids 9\ &

TC (mmol/L) 5.6940. ; 9 ol 5.72+0.49 0.745

TG (mmol/L) 1.07 + 0" O 1124060 " 141+051 0.171

HDL (mmol/L) 4920, :'6.30<2¢ 1094013  <0.001

LDL (mmol/L) & 77 +0.9 3.97+043 0.114

HDL/TC (%) .32 #5.25) + a{;‘ 19.23+2.85  <0.001

Data are expressed as mean + SD for

al"data or
c test (B

a [post

continuous variables using Al
categorical variables in SPSS,

M/F, male/female; BMI,
aminotransaminase; TB
low-density lipoprotei

Weight: Chi

Albumin% i .
A % ndian p=0.005

LP
HDL: Malay vs Indian p=0.004, Chmese vs Indian p=<0.001
HD : Malay vs Indian p=0.024, Chinese vs Indian p=<0.001

S

mass index;
tal biligubin; TC, total

ue< 0.05 is si

d' us

' g
G
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ange (IQR)] for skewed data, analysed
-Wallis test and “Chi-square test for

as ose; ALP, Alkaline phosphatase; ALT, Alanine
olesterol%!triglyceride, HDL, high-density lipoprotein; LDL,



Table 4.4 The Characteristics of T2DM Group by Ethnicity, n=45.

Malay Chinese Indian
Parameters MeanxSDor MeanxzSDor Mean+SD or -Rue
Median (IQR)  Median (IQR)  Median (IQR &
n=15 n=15 n=15 %
Age (years) 54.00 (19.00) 60.00 (15.00) 61.00 (8. 0.283
Gender (M/F)* 5/10 5/10 0.908
Height (m) 1.60 +0.08 1.62+0.11 : 11 0.713
Weight (kg) 75.45 + 15.99 67.00 + 11.30 . ; 0.130
BMI (kg/m?) 29.45 + 4.89 25.58 + 3.43 . 48 0.026
Diabetic Profile
FPG (mmol/L) 9.85 + 3.67 9.03+4.14 +2.42 0.715
HbALc (%) 8.30 (3.60) 6.70 (2.00 7.20 (2.60) 0.197
Glucose control 3/12 6/9 213 0209
(good/poor)*
Years diagnosed 3.00 (9.00) .OW 0.636
Liver function test ®
Total protein (g/L) 73.40 £ 2.95 : % \&12
Albumin (g/L) 41.67 + 354 1.27+1. _\")0.074
ALP (U/L) 83.47 £ 16.65 93 £25.7 0.427
ALT (U/L) 32.00 (24.00) (7.00) 0.007
TB (umol/L) 10.73 + 3.37 0.86 + 4@’ 0.945
Renal profile
Urea (mmol/L) 4.2 (1.60) N 4, 40) 0.406
Sodium (mmol/L) 136.87 = 47%[ 8.07 137463 +2.50 0.408
Potassium (mmol/L) 416+ R 3.96+05 7 +0.42 0.300
Chloride (mmol/L) 100.80 = 2.83 103,93 = 53 +3.23 0.530
Creatinine (mmol/L) 64.00 @27. - ?) & .00 (38.00) 0.642
Fasting serum lipids S
TC (mmoliL) O 50540799 600+142 0132
TG (mmol/L) : 020" 150(0.70) 0747
HDL (mmol/L) 1%0.28 30+£0. 1.24+0.27 0.674
LDL (mmol/L) 2.79 % 4.05+1.31 0.032
HDL/TC (%) 6.29%79 21.09 + 5.83 0.046

Data are expressed as mean +
continuous variables using An

inqu@l@ range (IQR)] for skewed data, analysed
i)}or@ al-Wallis test (Mann-Whitney U test for

Q} in SPSS, p-value < 0.05 is significant.

lucose; HbAlc, Hemoglobin Alc; ALP, Alkaline
irubin; TC, total cholesterol; TG, triglyceride, HDL,
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high-density IipoprowL, low-densi te’in.(J
¢ C—)
BMI: Chinese vsindian p=0.039 ' (_}
ALT: Mal wese =0.036 /Malay vsihatian p=0.002
LDL: @Indian o= 027 & X

N

HDL4WE;, Malay vs Indian p=0.024@nese vs Indian p=<0.001
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4.3  Genomic DNA Quantification

The gDNA extraction procedure was optimised for bead beating time{zeed

using two faecal samples. The concentration and quality of gDNA wes%mined

using a spectrophotometer (Implen Nanophotometer, Germany) (Table¥4.5) and

agarose gel electrophoresis (Figure 4.1, A and B), upon which th% eating time of

1 minute at 4800rpm was selected. Y-

Overall, gDNA concentrations obtained from faecalys mpI (55.53 £
64.25 ng/uL) were within the required range of than 20 ng/u T e pur\W of
gDNA was determined using the ratio of absorban 260nn}t abs banc@‘ZSOnm
and 230nm. The absorbance reading of gDNAf the a sam IQ:"obtalned at

Aze0/Azgo ratio (1.90 + 0.14) was within tr@ed (£.7 to 1.9). The absorbance
bh

reading of the gDNA obtained at the Azeo/A230

ratio ( 0. ngas lower than the
A
required range (> 1.8) (Table 4.6 & (,}
‘% Q—

Table 4.5 Assessmen Conc ntrati |t Extracted for Optimisation
ead Be‘a ing

Congen n \5NA Purity DNA Purity
Well BB 260/280nm) (A260/230nm)
Number Timg " (r ) NG

\ |B (_, A B A B

WELL 0 \') ,' DN)A 1kb LADDER
WELL 1 .

1686  1.848 1755 1371
WELL fp 1756  1.817 2026 1767
WEL 3 0s 480 ‘Z'155 1793  1.813 1911  1.856

Im 2500 2C.) 152 1.828 1.825 1.890 1.772
Im 4800 15 171 1.845 1.829 1.782 1.056
3m 2500 115 193 1774  1.808 2.101 2.026
7 3m 4800 188 188 1.808 1.820 2.225 2.060

Q&ead beating time.
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bp ng/10pL.
10000 58

53
6000 46
5000 67
4000 56
3000 47
2500 41
2000 34
1500 29
1000 18
700 13
50 23
30 14

bp  ng/OpL

A
:
&
B
0

;
3
;
§
B

1KB ladder

1KB Ladder

Il Faecal Samples, n=90.

Mean + SD n=90
(Required range)

55.53 £ 64.25 (> 20)
1.90 +0.14 (1.70 - 1.90)

1.11+£0.59 (< 1.80)
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4.4  Gut Microbiota Analysis

The 90 samples of purified gDNA were sequenced targeting the V3-\4 %ion

of the 16S rDNA using the Illumina MiSeq platform. This gave an outpuE&}?,O?g

raw sequences with 3, 132 ASVs identified using DADAZ2 across all samples. These

ASVs were further used for diversity analysis and taxonomy cla% n.

4.4.1 Diversity Analysis
The samples were rarefied to capture an ey, versity a4 sludf'g}oups

Based on the minimum ASV sequence that etai o the sa}.;;les the

suitable sampling depth was chosen. This iﬁvmpli reads/sample

which excluded one sample which had

(Figure 4.2). This sample was exc

The diversity within SQK

richness (presence or spec}s) u @) ed ASV and Chaol indexes.
Sures

or alpha.div S|ty assessed based on species

Pielou’s evenness mea eci s cc'( uency of species occurrence) while
Shannon index bOtl'I richiness bundance. When comparing alpha

diversity diff een t He |c groups, among the nonDM healthy
controls, @u s ss nd owed significant differences, whereby it was
'3
t

S|gn|f wer in % hen compared to the Malay and Indian ethnic

gr% 20.015) (Table 47 ™~

J‘
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Meanwhile, when comparing nonDM and T2DM groups, all indices used
showed that alpha diversity was significantly higher in nonDM in comparison tovm
(p-value < 0.05) (Table 4.8). However, when comparing nonDMs and@\shs by
ethnicity, the alpha diversity of nonDMs was significantly higher than‘f;Ms in only
the Malay (by Pielou’s evenness and Shannon indices) and Indian (bywmes) ethnic

groups (p-value < 0.05) (Table 4.9). V

Table 4.7 Bacterial Alpha Diversity in M, —M
¢

NonDM |
Diversity Index Malay Chi
n=15 =
Observed ASV 138.27 +30.07 138. 0.919

.93 £ 40:87 0.923

0820003 0015
,G\?s +050  0.463

Chaol 138.53 +29.99 c 1

Pielou’s 0.83 (0.05\ 0.79 (0.02)
Shannon 5.76 + 5h§§ e

Data are expressed as mean + SD for normal E? edign [interquartil rar@‘bR)] for skewed data, analysed

evenness?

using Anova [post-hoc test (Bonferroni) U test for pairwise comparisons)
for continuous variables in SPSS, p-val 0.05pis signific :

Pielou’s evenness: Malay vs Chit’w.%lrhine v India@CO.OlO.

ivers@ NonDM and T2DM, n=89.

ded ¢ onD Itg-/‘ T2DM p-value
ef n=45

- 5 &
&w AsV 135.83}@0.84 12440+3615  0.033

' 4
%1 "14028’1 30.81 124.72 +36.41 0.033
: sf N

ielou’s C-)
gvenness? ",70.82(0.05) 0.78 (0.07) 0.001
Shannon 5.74 +0.45 5.31+0.79 0.002

re expressed as mean + SD for normal data or median [interquartile range (IQR)] for skewed data, analysed
ing 2Student’s t-test or ®Mann-Whitney U test for continuous variables in SPSS, p-value < 0.05 is significant.
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Table 4.9 Pairwise Comparison of Bacterial Alpha Diversity in NonDM anK%DM by Ethnicity, n=89.

Malay Indian

Chinese §
Diversity Index ~ NonDM T2DM p-value 1 onDM T2DM value \onDm T2DM
n=15 n=15 n=15 n=15 Y‘ n=14 n=15

p-value

Observed ASV 138.27 £ 30.07 120.47 £28.16  0.105 138.00 +22.12 142.6%}3&5 0.708 142.71 +40.39 110.07 £40.58  0.039

Chaol 138.53 +29.99 120.80 +28.16  0.106 139.27 +22.16 14 3267 0730 142.93 +4037 11053 4151  0.043

Pielou’s evenness® 0.83 (0.05) 0.77(0.07) 0004  0.79(0.02) 80/(0.09)¥ +0412  082(0.03) 0.75(0.10)  0.002
A

Shannon 5.76 + 0.46 518+090 0033  562+0.38 é 5,69+ 0748 ' V—-‘j(@').’m 5.83 +0.50 507+0.83  0.007

Data are expressed as mean + SD for normal data or median [interquartile range (IQR)] for?ﬁed om{,\awsed%lﬁg aStudent’s t-test or @Mann-Whitney U test for continuous

variables in SPSS, p-value < 0.05 is significant. \, n\
Table 4.10 Beta Dive@'.y of N’b\ge& \n(fTZDM Groups, n=89.
[

Ethnicity % 4 v Q7 -
(Malay vs Chinese vs Indian) DI\M s Aj S" DM status x Ethnicity

Oy,

Lo (non T2DM) =~ Malay Chinese Indian
Beta Diversity NonDM =89 l @?onDM vsT2DM)  (nonDMvs T2DM)  (nonDM vs T2DM)
Indexes n=44
- £ 4, n=30 n=30 n=29
F p-value F p-value F p-value F p-value
Unweighted 1.214 0.138 (,) . l . 1.458 0.061 1175 0.201 1.617 0.046
UniFrac
Weighted 1.557 0.123 S I.Afﬁ)‘o <0227 0.559 0.724 1.305 0.242 1.367 0.216
UniFrac \/\(‘
o~ s )
Bray Curtis 1.177 0. 1\ 2.360 -~ 0.001 1.397 0.042 1.132 0.232 0.710 0.003
The number of permutations=999; F, pseudo- sed using permutational MANOVA (PERMANOVA,) test in QIIME2, p-value < 0.05 is significant.



Beta diversity was measured using Bray Curtis dissimilarity matrix as well as
the phylogenetically aware unweighted and weighted UniFrac distance metriw
significant difference in beta diversity values between the groups was an@sing
the PERMANOVA test (Table 4.10). When analysing gut com structure
between nonDM of Malay, Chinese and Indian ethnicity, all measure¥wgfound to be

not significant. This indicates that no difference in communiti strucCture was found

l

On the other hand, the unweighted Unifrac that analyses orM-strufmre

based on ethnicity (Figure 4.3).

N
based on absence/presence of ASVs was signifi fferent be en'Té(EyR/I and
A A0
nonDM groups (p-value = 0.006) (Table 4.10). dicates th dlﬁe@lmlcroblal

community is present in nonDM and T2D Ns. Wr?%n c arin@'é\;;l diversity by

(<

ethnic groups, this significant differerm een T2D d no@vl was only noted

\1’ _\

in the Indian ethnicity (p-value = 0. Tab ecxgﬁ the weighted Unifrac
@

distance that accounts for di ces inwcom ur?‘lty cture based on relative

abundance data was found Yawot signifi acro@he study groups (Table 4.10).
!
This is probably due to%umber'o samplgs Q?/ g low-abundant ASVs of certain

bacterial taxa. /&\ |\ éj

N
Mear@he rﬁt&'di@%‘lﬂarity matrix measures the abundance of

dissimila al ??u bé@ﬁeen communities. Overall, the PERMANOVA

analysis oftthe Bray-Curtis '(;issi\/ arity matrix was significantly different between
<,

n and T2DM groups ashell as in Malay and Indian ethnicity (p-value = 0.001,

tinct clustering of microbial communities between nonDM and T2DM groups

0 and 0.003). This was reflected in the PCoA analysis where there was also a



(Figure 4.4) as well as between nonDM and T2DM of Malay and Indian ethnicity
(Figure 4.5). This may indicate differences in community compositionvur

abundance between nonDM and T2DM respectively. C}

\-,\-’T
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Figure 4.3 Pringipal Goordi ysis(RC0A) based on Bray-Curtis Dissimilarity
Matrix betw%%rob | €om Hﬂti onDM Participants by Ethnicity, n=44.
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4.4.2 Gut Microbiota Composition

In total, 12 phyla and 237 genera were identified across all 90 samples. %ure

4.6 shows the top nine phyla that were prevalent (present) in at least 10‘VSQ@nce in
all 90 samples i.e., Firmicutes (70.80%), Bacteroidetes (21.60%:, Pro

bacteria
(4.52%), Actinobacteria (2.09%), Verrucomicrobia (0.43%), Fusobageteria (0.35%),
Desulfobacteria (0.12%), Cyanobacteria (0.04%) and Synerg 0.03%). The top
20 genera with more than 1% abundance in all 90 samples e Bllautia (12.91%),
Bacteroides (11.73%), Faecalibacterium (10.69%), Prevotella agzﬁ?nas

(4.71%), Agathobacter (3.75%), Eubacterium@), Rumin 4(5’,’?48%),
Y-
Escherichia-Shigella (2.93%), Subdoligranu (2.7% %@(2.52%),

illus é.\20%), Dorea

Megasphaera (2.49%), Fusicatenibactec %),

(1.88%), Catenibacterium (1.52%), An

AN
Clostridium (1.17%) and Holdem§ .069 p dc)ﬁhFigure 4.7.

I
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Figure 4.6 The Gut Microbiota Composi Ph howmg the top nine phyla that were present in at least 10% abundance in
o\,all 90 samples.
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Figure 4.7 The Gut Microbiota Compn&)n at Genus Levél showing Top 20 Genera with more than 1% abundance in all 90 samples.
Al era with less than 1% abundance were grouped as ‘Others’.
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4.4.2.1 Gut Microbiota Composition in NonDM

The dominant phyla in nonDM of all ethnic groups were FirmicutesQ?%),

Bacteroidetes (21.17%), Actinobacteria (2.35%) and Proteobacteria:(gqm). No

significant differences in F/B ratio as well as bacterial phyla abundances were found

between the ethnic groups in nonDM (p < 0.05) (Table 4%% Figure 4.8).

Meanwhile, the top 20 genera found in the nonDM group (with nce of more than

cterdides (11.23%),

Prevotella (7.88%), Agathobacter (4.04%), Eubacteriumy (3. ‘VMMOGQ:cus
N

(3.57%), Megamonas (3.45%), Fusicatenibacter %), SUbM Itmlézm%),
eros

1%) were Faecalibacterium (12.77%), Blautia (12.35%

4 % 5

Roseburia (2.91%), Megasphaera (2.35%), D?'(Z.l , (2.12%),

Lactobacillus (1.83%), Bifidobacteri \Vv?%), C iba& um  (1.37%),

Coprococcus (1.25%), Romboutsia 0) and dema@a (1.17%). The

prevalence of genus Megamon hig [ a .@nDM (80.00%) when
@

compared to Indian nonDM (33.38%) (p=0: : n‘ﬁg&r hand, the abundance of

genus Bacteroides was highergimeChinése nenDM 2%) in comparison to Indian
o,
owever, the igniZi‘c/ ce of these differences was lost

@

after adjustment ﬂ&\&ole cdmphns (F@0.0S).
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Table 4.11 Bacterial Phyla and Genera in NonDM Group Arrange

, bundance, n=45.

Prevalence, %

Abundance, %

Taxa Bacteria Mzilay Chi_nese Inciian noﬁgM p- FDR . ayJ Chi_nese In(iian nOfI‘II:;M p- FDR
n =15 n =15 n =15 =45 value n= n =15 n =15 n=45 value

Phylum  Firmicutes 100.00 100.00 100.00 100.00 N/A N/A 76.73 70.38 74.61 73.75 0.222 0.260
Bacteroidetes 100.00 100.00 100.00 100.00 N/A NN 18.02 24.42 20.64 2117 0.151 0.260
Actinobacteria 93.33 100.00 93.33 95.60  0.600 0?. 2.03 1.71 3.47 235 0.214 0.260
Proteobacteria 100.00 100.00 93.33 97.80 4 2.91 1.11 0.79 161 0.231 0.260
Verrucomicrobia 20.00 40.00 13.33 24.40 j .03 1.59 0.17 0.64 0.153 0.260
Fusobacteria 6.67 26.67 13.33 15.60 .\&.06 0.63 0.11 0.28 0.339 0.339
Desulfobacteria 53.33 80.00 46.67 60.00 0.'0Q€' 0.15 0.09 0.11 0.092 0.260
Cyanobacteria 26.67 6.67 13.33 15.60 0: 0.01 0.03 0.06 0.203 0.260
Synergistetes 0.00 0.00 13.33 4.40 on 0.00 0.08 0.02 0.129 0.260
F/B ratio [median (IQR)] N/A N/A N/A N/A ~0.23 0.36 0.32 0.32 0.265 0.265

0.25) (0.24) (0.31) (0.30)

Genus Faecalibacterium (F) 100.00 100.00 93.33 97. V 12.74 12.18 13,51 12.77 0.301 0.700
Blautia (F) 100.00 100.00 100.00 1 ﬁ‘) 12.14 13.18 11.57 1235 0.163 0.619
Bacteroides? (B) 100.00 100.00 100.00 1% 8.93 16.12 7.79 11.23  0.020 0.313
Prevotella (B) 66.67 46.67 60.00 %30 7.30 5.49 11.45 7.88 0486 0.781
Agathobacter (F) 100.00 93.33 86.67 93:30 3.08 4.90 4.06 4.04 0477 0.781
Eubacterium (F) 100.00 100.00 100.00 0 3.66 3.58 4.64 392 0.612 0.816
Ruminococcus (F) 100.00 100.00 100.00\ 00.00 4.40 3.63 2.57 357 0484 0.781
Megamonas® (F) 8000  75.00 33.?.. 57.80 o J0.037 0577 433 4.05 1.75 345 0054 0.466
Fusicatenibacter (F) 93.33 86.67 0.0 93.30 y [0. 0.632 3.79 2.80 2.72 311 0571 0.814
Subdoligranulum (F) 86.67 86.67 Q? 8890/ £08 0.874 3.44 2.68 3.04 3.04 0730 0.880
Roseburia (F) 100.00 86.67 (&5 0.632 3.73 2.05 3.06 291 0.309 0.700
Megasphaera (F) 73.33 . 0.632 2.36 1.48 3.39 235 0.315 0.700
Dorea (F) 100.00 0.632 2.46 2.08 1.82 213 0.082 0.548
Anaerostipes (F) 100.00 N/A 1.52 2.15 2.76 212 0572 0.814
Lactobacillus (F) 73.33 0.632 1.37 0.43 4.05 1.83 0.187 0.649
Bifidobacterium (A) 80.00 0.632 1.10 121 2.54 157 0.098 0.575
Catenibacterium (F) 40.00 % 0.932 1.54 0.94 1.71 1.37 0817 0.911
Coprococcus (F) 86.67 .\. 51 S 0.767 1.59 1.00 1.18 125 0.362 0.700
Romboutsia (F) 93.3 80.00 86.67~’ 86.70  0.569 0.767 2.16 0.76 0.75 122 0.151 0.600
Holdemanellla (F) 66. 46.67 60.00 57.80 0.536 0.767 1.63 0.71 1.23 117 0.429 0.745

(A), Phylum Actinobacteria; (B), Phylum Bacteroidet

ylum Firmicutes. Analysed using Kruskal-Wallis Test (pairwise comparison using Mann-Whitney U test) in MicrobiomeAnalyst, p-value and
FDR of <0.05 is considered significant diﬁerenc@ nDM and T2DM. Pairwise comparisons: *Chinese vs Indian p=0.010, FDR=0.326; "Malay vs Indian p=0.012, FDR=0.534.
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Figure 4.8 Gut Microbiota Abundantes®in (A) Phylum and (B) Genus Levels in NonDM Group by Ethnicity, n=45. These four phyla
account for 9 Il phyla present and the top 20 genera account for 83% of all genera present.



4.4.2.2 Gut Microbiota Composition in T2DM when compared to NonDM by
Ethnicity

When comparing T2DM participants with nonDM participants, abw of

only two phyla were found to be significantly different while no signiﬁi@erence
was noted in the F/B ratio. The abundance of phylum Proteobacteri significantly
higher (7.32%) in T2DM when compared to nonDM (1.61%\&& FDR =

WWach ethnic group
in, T2DM I\’Ialay (9.52%),
Chinese (7.23%) and Indians (4.83%) in compar$e esp ti%ﬂl@nps

<0.001) (Table 4.12 and Figure 4.9). This was reflecte

whereby the abundance of Proteobacteria was hig

t.)
)‘,‘re pectively @ble 4.13

and Figure 4.10). \ V?’
\‘,r 5

The prevalence of phylum S S’@es was"significan igher in T2DM

(2.91%, 1.11% and 0.79%) (p-value = 0.045, 0.001%ad 0.002

(35.56%) when compared to nonDM#(4.44%) (p \Iup\: 1,4£DR=0.002). Although

A

showing low detection levels, t@ e abundance of thi \ylum was significantly

o
higher in T2DM (0.04%) When\npa M K %; p-value=<0.001, FDR=
0.003). This was reflgcted Rthe M,Ian dlc@e ethnic groups whereby the
E , '3
abundance of this phylum Was hi 4 2D lay (0.05%) and Chinese (0.03%),

in comparison tow M .00%) ar@inese (0.00%).
NS e Dt c,)(.z
Ho r,_after adjust nfr fo(}nultiple corrections, only the difference in
NN
abundan%ﬁumﬂ:’ cte%_ n all participants and specifically among Chinese
andh% ethnicities remain %nificant (FDR < 0.05).

d
N

78



Table 4.12 Bacterial Phyla and Genera in NonDM and T2DM Arranged by Ab_% ance in All Samples, n=90.

Prevalence, % CaY Abundance, %
D J -
Taxa  Bacteria NonDM ~ T2DM Q't'i;t;:g’ts p-value FDR Nons}g T2DM . aA;'t'l (fit;:g’ts S, FDR
n=45 n=45 n=90 rﬁl n=45 n=90
Phylum  Firmicutes 100.00 100.00 100.00 N/A N/A ‘3.75 67.97 70.80 0.212 0.382
Bacteroidetes 100.00 100.00 100.00 N/A N/A 1.17 22.02 2160 0.756  0.756
Proteobacteria 97.78 100.00 98.89 0.328 0.525 Y‘ 1.61 7.32 452 <0.001 <0.001
Actinobacteria 95.56 93.33 94.44 0.655 0.6 ' 2.35 1.83 2.09 0.083 0.235
Verrucomicrobia 24.44 17.78 21.11 0.444 . 0.23 0.43 0455 0.512
Fusobacteria 15.56 22.22 18.89 0.425 0. ., 0.42 0.35 0.358  0.460
Desulfobacteria 60.00 68.89 64.44 0.384 ™0.525 .él (_}T 0.13 0.12 0552 0.610
Cyanobacteria 15.56 8.89 12.22 0.4 525 0.03 0.04 0320 0.460
Synergistetes 4.44 35.56 20.00 <0.001 "%0.002¢ 0.02~ 0.04 0.03 <0.001 <0.001
F/B ratio [median (IQR)] N/A N/A N/A 77&\ ; 2(0\.?0) 0.28 (0.37) 0.29(0.31) 0729 0.735
Genus  Blautia (F) 100.00 100.00 100.00 134 13.46 1291 0701 0.871
Bacteroides (B) 100.00 97.80 98.90 5 & 1.22 12.22 11.73 0.785 0.923
Faecalibacterium 97.80 86.70 92.20\ 4 O 12.75 8.70 10.69 0.013 0.173
Prevotella (B) 57.80 51.10 0 0. A 7.87 8.47 8.18 0.703 0.871
Megamonas (F) 57.80 55.60 A 3.45 5.94 471 0705 0.871
Agathobacter (F) 93.30 75.60 4.04 3.47 3.75 0.0683  0.401
Eubacterium (F) 100.00 97.80 3.92 3.17 354 0.077 0.401
Ruminococcus (F) 100.00 97.80 3.57 3.40 3.48 0.077 0.401
Escherichia-Shigella (P) 73.30 88.90 0.46 5.32 293 <0.001 <0.001
Subdoligranulum (F) 88.90 77.80 3.04 2.45 274 0.088 0.410
Roseburia (F) 93.30 80.00 291 2.15 252 0.083 0.401
Megasphaera (F) 77.80 2.34 2.62 249 0.836  0.959
Fusicatenibacter (F) 93.30 3.10 1.49 2,29 <0.001 0.028
Lactobacillus (F) 62.20 . 1.83 2.57 220 0560 0.837
Dorea (F) 97.80 “570.028 0. 2.12 1.65 1.88 0.116 0.484
Catenibacterium (F) 42.20 . 0.836 0.836 1.37 1.66 152 0.600 0.845
Anaerostipes (F) 100.00 0.003 0.031 2.12 0.86 1.48 <0.001 0.006
Bifidobacterium (A) 91.10 .90 4 90:00 0.733 0.819 157 1.25 141 0.074 0.401
Clostridium (F) 80.0Q 51.10 C§5.50 0.003 0.031 1.02 131 117 0011 0.173
Holdemanella (F) 57,80, 46.70 5220 0.296 0.480 1.17 0.95 1.06 0313 0.679

A, Phylum Actinobacteria; B, Phylum Bacteroidetes; F, Phylum Firmicutes; P, Phylum Proteobacteria. Analysed using Mann-Whitney U Test in MicrobiomeAnalyst,
p-value and FDR of <0.05 is considered sm6 t difference between nonDM and T2DM.
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BACTERIAL PHYLA ABUNDANCES IN C\Z BACTERIAL GENERA ABUNDANCES

NONDM & T2DM, N=90 ; IN NONDM & T2DM, N=90
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Figure 4.9 Gut Microbiota Compositi
account for

2
by
!
|

& .
(% * -} "'Q,(—’(J Holdemanella B

in (A) Phylum and (B) Genus Levels in NonDM and T2DM Groups, n=90. These four phyla
f all phyla present and the 20 genera account for 83% of all genera present.
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Meanwhile, at the genus level, T2DM had lower prevalence of genera
Anaerostipes (82.20%), Dorea (84.40%), Agathobacter (75.60%) and Closwm
(51.10%) in comparison to nonDM (100.00%, 97.80%, 93.30% and 80.00 o\lue
0.003, 0.028, 0.021 and 0.003, respectively). However, after adjustmﬁ'k multiple
corrections, only the difference in prevalence of genera Anaerostip WCIostrldlum

remained significant (FDR < 0.05) (Table 4.12).

The relative abundance of genera Faecalibacteriu ' ;/o) F'usicatenibacter

(1.49%) and Anaerostipes (0.86%) were lesser in the, T2DMigro ,v‘v\ndmpagfd to

nonDM group (12.75%, 3.10%, and 2.12%; p- =0.013,/ <0M01 !meb:?) 001,
_ _ 4 b
respectively) (Table 4.12). When looking at the ncesa individual Q%ryuc groups,

n co(riﬁ‘a?ed to nonDM

lue QOZS) The genus

a lower abundance of Fusicatenibacter (tm TZIS"\/I
72%

was only reflected in the Indian e\ \
Anaerostipes was lower in abund CCDTZ hbﬁes ( .@6) and Indian (0.36%)
éon

0, P

]

in comparison to their respectl D 2.15% and 6% p-value=0.0014 and

0.004, respectively) (Table _é\
(S

On the other handg gen 3 ri higella (5.32%) and Clostridium
(1.31%) were h| D \‘vhe mpargﬁ) nonDM (0.46% and 1.02%; p-value=
<0.001 and he nerea |9,b (éscherlchla -Shigella was reflected within
T2DM o %’(8 13%) a 41%) ethnic groups, in comparison to their

’
respe DM grou O'Zl% and 0.26%: p-value = 0.031 and 0.002), respectively.

& o
N
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Additionally, a difference in abundance of a few genera was found in certain

ethnic groups but was not reflected in the overall difference between TZDW

5

nonDM (Table 4.13). The genus Dorea was lesser in Malay T2DM (@), i
comparison to the Malay nonDM (2.46 %) (p-value = 0.024). C y, genus
Clostridium was higher in Malay T2DM (2.53%) in comparison Way nonDM

(1.61%) (p-value = 0.024). The genus Bifidobacterium was Liiser Chinese T2DM

(0.64%) when compared to Chinese nonDM (1.21%) (p-v = .014'.

However, only the relative abundance of genera sM.ShiQﬂIa,
N

Fusicatenibacter and Anaerostipes in overall n nd T2DM ugs ained

ignificant after adjustment f Itipl FD "0 '\T

significant after adjustment for multiple compa .05).

g J p {JWWF&\ &
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Table 4.13 Pairwise Comparison of Gut Microbiota Abundances in NonDqug T2DM by Ethnicity, n=90.

Malay Chinese Indian
E;)/(; Bacteria nonDM__ T2DM  p-value FDR nonDM  T2DM p'_“ie FOR = onom  T2om  Pvalue  FDR
%, n=15 %, n=15 %,n=15 %, n=15 %, n=15 %, n=15
Phylum  Firmicutes 76.73 67.13 0.775 0.812 70.38 68.11 161 0.270 74.61 68.82 0.901 0.923
Bacteroidetes 18.02 21.34  0.285 0.418 24.42 224 0.305 0.392 20.64 22.70 0.430 0.729
Proteobacteria 291 9.52 0.045 0.227 111 0.001 0.013 0.79 4.83 0.002 0.024
Actinobacteria 2.03 144 0389 0.487 1.71 0.106 0.270 3.47 2.74 0.183  0.729
Desulfobacteria 0.07 0.11 0.217 0.418 0.15 ' 0. 7 0.707 0.09 0.07 0.511 0.729
Verrucomicrobia 0.03 0.20 0.812 0.812 1.59 0 9 0.406 0.17 0.03 0.448 0.729
Fusobacteria 0.06 0.18 0.085 0.284 0.6 ¥0.270 0.11 0.69 0.494  0.729
Cyanobacteria 0.15 0.02 0.292 0.418 ’Nﬁg} N/A 0.03 0.06 0.604  0.755
Synergistetes 0.00 0.05 0.001 0.083 0. .‘ 03 0.081 0.08 0.05 0.385 0.729
Genus  Blautia 12.14 12.15 0.870 0.975 Rl.g \I@ 9 61 0.853 11.57 15.19 0.193  0.589
Bacteroides 8.93 13.52 0.653 0.817 16712 °\ .285 0.740 7.79 11.17 0.525 0.779
Faecalibacterium 12.74 8.71 0.198 0.63 2.1 1. % 0.250 0.720 13.51 6.06 0.169  0.589
Prevotella 7.30 7.55 0.832 0.949 5 49 0.658 0.879 11.45 9.68 0.876  0.964
Megamonas 4.33 5.06 0.568 0. % 0.832 0.986 1.75 9.15 0.302 0.777
Agathobacter 3.08 4.09 0.384 %y 0.115 0.584 4.06 3.50 0.721  0.902
Eubacterium 3.66 334  0.389 @ Q % 3 97 0.242 0.715 4.64 2.21 0.348 0.777
Ruminococcus 4.40 4.37 0.795 2 632" 3.12 0.501 0.853 2.57 2.62 0.636  0.829
Escherichia-Shigella 0.41 8.13 0.03 .469 413 0.130 0.584 0.26 341 0.002 0.129
Subdoligranulum 3.44 2.42 % 0.78 2@' 3.48 0.934 1.000 3.04 1.49 0.151  0.589
Roseburia 3.73 2.67 0% £ 205 148 0.309 0.741 3.06 2.22 0.441  0.777
Megasphaera 2.36 1. 95 97 |0 % A48 213 0.627 0.879 3.39 3.84 0.852 0.964
Fusicatenibacter 3.79 1. SK 0 8 \ 2.80 1.78 0.170 0.584 2.72 1.20 0.023  0.525
Lactobacillus 1.37 c.%’ 0.43 1.19 0.854 0.986 4.05 4.94 0.735  0.909
Dorea 2.46 0 6 2.08 1.97 0547 0.863 1.82 1.73 0.493 0.777
Catenibacterium 1.54 0.94 233 0.169 0.584 1.71 1.71 0.566  0.799
Anaerostipes 1.52 % 2.15 090 0.014 0.584 2.76 0.36 0.004 0.132
Bifidobacterium 1.10 78 0. 290 (%« 1.21 0.64 0.014 0.584 2.54 2.36 0.589 0.814
Clostridium 1.6 2 53 0.024 0.465 0.99 0.45 0.153 0.584 0.39 0.81 0.205 0.589
Holdemanella 1.6? 0.46 0.054 0.592 0.71 153 0.431 0.829 1.23 0.94 0.776  0.940
iomeAnalyst, p-value and FDR of <0.05 is considered significant.

analysed using Mann-Whitney U Test %
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S

in (A) Phylum\‘é'hd (B) Genus Levels in NonDM and T2DM by Ethnicity, n=90. These four
hyla present and the top 20 genera account for at least 80% of all genera present.
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4.5 Correlation Analysis

451 Correlation of Top Nine Gut Phyla with Clinical Charact is¥~

Correlation of bacterial phyla abundance with clinical g@ristics
(anthropometric, demographic, diabetic profile and biochemical paraé in all 90
samples are shown in Figure 4.11. Age was seen to correlate% ly with phyla

Proteobacteria and Desulfobacteria. Meanwhile, weight w lated negatively

Yv

Y
The LFT parameters i.e., ALP and ALT corre Nsitive “with phylum

Iqua teroidetes and
negatively with phylum Actinobacteria. F\p@r? '..{ Urea and creatinine
Q ria

correlated positively with phylu eob@ eri eanm@ile, chloride correlated
7]

&
positively with phylum Fusobaeteria and potassi cor&ﬁﬁ(ed negatively with phylum
N

Desulfobacteria. In tE FQ test, ’G sla@ted positively with phylum
gati

Proteobacteria and ne y v‘aﬁ nt E‘jmicutes. The LDL was associated
positively with p@tin@ and @ively with phylum Fusobacteria.
N

N 1§

N
\(?

(o
&
S
S
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4.5.2 Correlation of Top 20 Genera with Clinical Characteristics
Correlation between the 20 most abundant genera and clinical charact

(anthropometric, demographic, diabetic profile and biochemical paramet S 1 90
samples are shown in Figure 4.12. Age was correlated posrtrvem genera
Bacteroides, Escherichia-Shigella and inversely with genera doligranulum,
Megasphaera and Lactobacillus. Positive associations were Meen height and
genus Fusicatenibacter as well as weight with Lacto Y ight was also
negatively associated with the genus Bacteroides. BMI in positi Wtron with
genus Escherichia-Shigella and in negative associati ith genera E |t@|um

Fusicatenibacter and Anaerostipes. FPG w. Ia d negati er genera

Anaerostipes and Clostridium.

In the LFT, ALP correlated | |bacter|um and
Holdemanella, ALT correlated b e ium and TB correlated
positively with genus Agath 0 st urea was in positive
association with genus Es |gel nd trve association with genus

Roseburia. Positive a %nswer een y\/@nus Roseburia with chloride and

creatinine with ge;{ obacl IIu he FS@est TG was positively associated with

genus Escheri hrge la an trva)Q}ésocrated with genera Faecalibacterium,

Rumrncoc srcat nib : Aﬁaerostrpes and Clostridium. The genus

Megas w e& asseciated while genus Clostridium was positively
\/

with HDL. The L as correlated positively with Bifidobacterium and
y with Ruminococcus and Holdemanella. The HDL/TC ratio was correlated

|t|vely with genera Bacteroides, Faecalibacterium and Ruminococcus.
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4.6  Systematic Review

4.6.1 Study Characteristics

Of 3,994 articles identified, 18 studies were included in this syﬁ‘ﬁ}view.
The characteristics of the study population are summarised in Table 4.14. The 18
observational studies had been conducted between 2013 and 2021. TZy included 12

case-control (Allin et al., 2018; Bhute et al., 2017; Chen et al., aike et al., 2020;

et al.' 2019; Wang et

19 fcMase ional

N
studies (Chavez-Carbajal et al., 2020; Diener et 21; Egshatya al, 20(33; Wu
4 b %
et al., 2020) and two cohort studies (Ericson (WYYOZO,\@ et @2013). Six
studies were conducted in Asia [India ( al., 5&17' aike (ia 2020), Iran

a (Li@l., 2020a; Nuli et

Ghaemi et al., 2020; Lambeth et al., 2015; Li et al., 2020a

al., 2021; Zhang et al., 2013; Zhao et al., 2019; Zhong et al.,

(Ghaemi et al., 2020), Taiwan (Chen et 19) and Chi

i ~
al., 2019; Wang et al., 2021; Zha 32013, t I.,cng;Zhong etal., 2019)],

@

21

mg@hatyan et al., 2016) and

Sweden (Ericson et al., ZOZWson tal.,2013; al., 2020)] and three in North
o

America [USA (Lamb al.,, 2015) a ,Mgéi/ (Chéavez-Carbajal et al., 2020;

Diener et al., 202&:@3 studies ¢
alone (Allin e M)l ;sErics ql.,e@), newDM alone(Chen et al., 2019; Li et
% R

al., ZOZOa@ and ez (EgKI‘aWan et al., 2016; Nuli et al., 2019; Wu et al.,

2020; tal., 261 ., 2019), preDM and T2DM (Chavez-Carbajal et

al.\ haemi et al.,

newDM and T2DM (Bhute et al., 2017; Zhao et al., 2019) or all three preDM,

ONDM and T2DM (Diener et al., 2021; Gaike et al., 2020) in comparison to gut

microbial profile of nonDM.

[72]

five in Europe [Denmark (Al al.,, 2

pared ;@gut microbial profiles of either preDM

N
2020,*I&9rlsson etal., 2013; Lambeth et al., 2015; Wang et al.,
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The 18 studies consisted of 5,489 participants. In 15 of the 18 studies, 43% of
the participants were male (n=2, 252) and 57% were female (n= 2,978). Threev
(Bhute et al., 2017; Ghaemi et al., 2020; Zhang et al., 2013) did noté%& the
participants’ gender. The mean age of participants was 50 £+ 7.82 years: re was a
total of 3,149 participants in the control or non-DM group. The aining 2,340
participants with varying glucose levels included 1,599 preD MWDM and 335
T2DM. The pre-DM participants were diagnosed in the ’k:uﬂng either IFG

(Allin et al., 2018; Chéavez-Carbajal et al., 2020; Ericson ., 20 ;Wal., 2020;

X
Lambeth et al., 2015), IGT (Karlsson et al., 2013), co Ieira&éa'(:Gl)
(Wu et al., 2020), IFG and/or IGT (Diener et al% 16; Ghaemi
etal., 2020; Wang et al., 2021; Wu et al., Z(EQ@ ng etal., 2019).

New-DM participants were diagnosed@ (Bhute
Nuli et al., 2019; Wu et al., 2020; @s etal., \qw

2019), HbAlc (Egshatyan et a ) Gaiﬂ% et aly, OZO@et al., 2020a; Wu et al.,

&
2020; Zhao et al., 2019) an@ pla' glueose %@ (Chenetal., 2019; Li et al.,

a, ao etal. [
2020a; Zh tI,ZOJ% \"1;}"&0



Table 4.14 Study Participant’s Characteristics for Systenc;.;gﬁeview.

A‘No. of Subjects, n (female/male)

. Age
First Author, Tvoe of Sampl rou > DM
No year of publication Sypd Country eSize, IOUP Ethnicity pPre newDM Controls
Ref) tudy n (avg) \ ¢
(Re I IFG CGl
%’ 134
1 (Allin et al., 2018) Case-control ~ Denmark 268 55-68  Danish ' 134 (53/81) (53/81)
| | Y.
ute etal., ase-contro ndia - n m?
2 (Bh 1., 2017) C | Ind 49  40-60 Ind '_\C.} 14 19
(Chévez-Carbajal et i P 4 b &
3 al, 2020) Cross Mexico 217 40-63 Mex%ns N\ L 76 (50/26)
sectional \, ,,\ é (36/18)
4 (Chenetal,2019)  Case-control  Taiwan 100 20-80\)\1/A 6 50 (14/36) (22/258(;
\ AL
5 (Dieneretal., 2021) Cross- Mexico 130 21657 Me%artw a2 52 (20/23) ST 48(3U17) 214 (165/49)
N sectional 4 & /13) (39/18)
(Egshatyan et al., Cross- . : AN 25 49
6 2016 sectional Russia 9 75’ “las'g%\ gy 23 (13/10) (38/11)
7 (Ericson et al., 2020) Cohort Sweden {2 \% ﬁ@/ (137/122?8 (800/16%%?
8 (Gaike et al., 2020) Case-control India &10 l 0 @ian 17 1l 3
:\ 2,?’_ (_)(_/ (11/6) (2/9) (18/17)
9 (Ghaemietal, Case-control | 90, A0- Iranian 30 30
2020) P
(Karlsson et al., ﬁ \,Y-
10 2013) Cohort den 145 \c-, 70 European 49 43

Avg, average;IGT, impaired glucose tolerance;

S

, Impaired fasting glucose; CGI, combined glucose intolerance.
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Table 4.14, continued.

N

I -
First Author, Tvse of Sarmole ,:\C?S A. No. of Subjects, n (female/male)
No. year of publication ypd Country ~S3MP'eQroud gy ity Ty~ PredM newDM Controls
(Ref) Study Size.n - (avg) GTV IFG CcGl
$T)
Caucasian e 4
white q
(Lambeth et al., ) i . ! 20 15
11 S0 Case-control  USA 49 55-62 Hll'\slpa_nlcs l\d (1476) (105)
ative
Amerigans l | . C_}‘z'
12 (Lietal., 2020a) Case-control China 60 40 -50 N& ‘,bj’ Y’_\ 30 (26/4) 30 (26/4)
c% N ‘55/
. . ese
13 (Nulietal., 2019) Case-control China 60 30-70 Wghur Zogé?« 20 (9/11) 20 (8/12)
14  (Wangetal., 2021) Case-control China 126 40—7& Ch.i,@ _\O (22/131?)’ 63 (40/23)
Cross- : L] ‘? “}& 310 189 163 104 729 (427/302)
15 (wuetal, 2020) sectional ~ oweden 1495 \ . 'Shig" (1727138) (e8/91)  (67/96) (40D
N
16 (Zhangetal, 2013)  Case-control China ]%2 50-5 v} ;l\% 64 13 44
's $
17  (Zhaoetal., 2019) Case-control China \QQ | <|<rl1ese 16 3
. & S (917) (17/18)
N
N O 80 97
- ¢
18 (Zhongetal., 2019)  Case-control Chliia\co 25 }9»'7?5) Chinese (39/41) 77 (44/33) (65/32)

Avg, average;IGT, impaired glucose tolerance; IFGl ed fasting/gllicose; CGI, combined glucose intolerance.
& ’

~\
\
N

L™
~
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4.6.2 Systematic Review of the Gut Microbiota Composition

In terms of a-diversity, six of the studies found a statistically smmﬁc%ﬁwer

a-diversity in the disease groups namely preDM (Allin et al., 2018; Chav, ajal et

., 2020), newDM (Bhute et al., 2017; Gaike et al., 2020; Zhang et al%& and in

both preDM and newDM (Nuli et al., 2019) in comparison to nopnDM. Meanwhile, six
<X

studies found a significant difference in B-diversity among pre ez-Carbajal et

1., 2419) and in both

ari orMM.Q&ike

al., 2020), newDM (Bhute et al., 2017; Li et al., 2020a; Zhao

preDM and newDM (Nuli et al., 2019; Wu et al., 2020) in ¢

et al. (2020) observed using Principal Coordi nalysis (RCoA), tl‘at-l(iﬂ%terial
diversity of newDM was distinct from that o ‘;r preD@:formed an
overlapping cluster with nonDM mdwau%hdant ??‘ rial gl sity (Gaike et
al., 2020). @)

Eight studies reported that%gt 0|d6t and |m|o¢;6 were the predominant
phyla in all groups studied, i. eDM and DM&%‘F@! nonDM (Egshatyan et al.,
2016; Karlsson et al., 13, mbeth t al., 0115 S%t al., 2020a; Nuli et al., 2019;

Zhang et al., 2013; Zhao et ,20 ;‘2 ef ak 019). Proteobacteria was reported

as the next predor@ ylu@ out se eight studies, (Karlsson et al., 2013;
N
Lambeth et Il%}él%g‘ﬁao et al., 2019; Zhong et al., 2019). All
ignific

eighteen eporp} a fferences in gut microbiota composition by
micro I in the disease 'gro%YTe preDM and/or newDM when compared to the
control group. In fOUI’\ﬂJdIeS a significant increase in the phylum Firmicutes
ith a significant decrease in phylum Bacteroidetes was observed in the newDM

up (Bhute et al., 2017; Gaike et al., 2020; Nuli et al., 2019; Zhao et al., 2019). Two

of these four studies each found a significant increase (Gaike et al., 2020; Zhao et al.,



2019) or significant decrease (Bhute et al., 2017; Nuli et al., 2019) in Proteobacteria
respectively. Meanwhile, two other studies reported a significant decrease in wum
Verrucomicrobia in the preDM group (Egshatyan et al., 2016; Zhang et aI.,@Two
studies reported increased F/B ratio among newDM (Li et al., 2020a; Z 1., 2019)
and one study reported an increased F/B ratio among both preDM arWDM (Gaike

et al., 2020). \)

Figure 4.13 depicts findings from all 18 studies o ; nif":antly differing

genera/ species belonging to the six predominant gut bactesial ph Iaw map-like
uy
y two or rels@, the

ted@ angeéjm disease

groups. The number of Streptococcus (AIIi%, 2018; Karlsson el,é.\,‘%l& Zhong

Oz@ong etal., 2019)

et al., 2019), Escherichia (Diener et al; hhaemi e
A@DM were increased.

and Veillonella (Diener et al., 2021; Nuli et a§2€1 ) i
N,
Similarly, Lactobacillus (Bhut = Ol7;'bhen tal.,<2</ ; Gaike et al., 2020) and

St
l

prausn

format. When focusing exclusively on changes repo

composition of a particular genera/ species d

Collinsella (Zhang et al., 2 9), We%ncreased in newDM. On the

other hand, Faecalib zii (Allin 'ebl., 2018; Ghaemi et al., 2020;

Karlsson et al., 23{% et all,
I

2018; Zhang w 013 istipes ( son et al.,, 2013; Wu et al., 2020),
¢ I (.)

Flavonifracfﬁ%i etal, 201 M etaJI., 2020) and Roseburia (Karlsson et al., 2013;
1

NN
9) we ';easedi'F preDM while Akkermansia (Gaike et al., 2020;

&
hongg.zl., 2019), Akkermansia (Allin et al.,

., 2019), Dialister @ﬁl., 2020a; Zhong et al., 2019), Haemophilus (Zhang

e \013; Zhong et al., 2019), Roseburia (Zhang et al., 2013; Zhong et al., 2019) and
Q alibacterium (Bhute et al., 2017; Wu et al., 2020; Zhang et al., 2013) were
ecreased in newDM. Bacteroides (Allin et al., 2018; Ghaemi et al., 2020; Karlsson et

al., 2013; Li et al., 2020a; Zhang et al., 2013; Zhao et al., 2019) and Prevotella (Bhute
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etal., 2017; Egshatyan et al., 2016; Zhang et al., 2013; Zhao et al., 2019) of the phylum
Bacteroidetes; Blautia (Allin et al., 2018; Diener et al., 2021; Egshatyan et al., ;
Gaike et al., 2020; Zhao et al., 2019), Eubacterium (Ericson et al., ZOZO;@n et
al., 2013; Zhang et al., 2013; Zhao et al., 2019), Clostridium (Allin et‘al;*2018; Chen
etal., 2019; Karlsson et al., 2013; Wu et al., 2020; Zhong et al., 2019) oprococcus
(Allinetal., 2018; Wu et al., 2020; Zhao et al., 2019; Zhong e@) of the phylum

Firmicutes all exhibited changes in both directions.



LEGEND KEY

NO. OF STUDIES WITH
DECREASED GENUS/SPECIES

NO. OF STUDIES WITH
INCREASED GENUS/SPECIES

Phylum Family Genus
Actinobacteria Coriobacteriaceae Collinsella
Eggerthellaceae Eggerthella

Bacteroidetes

Bacteroidaceae

Bacteroides

Barnesiellaceae

Barnesiella

Dysgonomonadaceae

Proteiniphilum

Prevotellaceae

Prevotella

Rikenellaceae

Alistipes

Chrysiogenaceae

Desulfurispirillum

Firmicutes

Eubacteriaceae

Eubacterium

Lactobacillaceae

Lactobacillus

Streptococcaceae

Streptococcus

Clostridiaceae

Clostridium

Lachnospiraceae

Anaerostipes

Blautia

Coprococcus

Dorea

Lachnospira

Roseburia

Tyzzerella

Peptostreptococcaceae

Peptostreptococcus

Oscillospiraceae

Anaerotruncus

Faecalibacterium

Flavonifractor

Intestinimonas

Oscillibacter

Pseudoflavonifractor

Ruminiclostridium

Ruminocoéeus

Sporohacter

Subdoligranulum
Selenomonadaceae Megamonhas
Acidaminococcaceae Phascolarctobagtegium
Veillonellaceae \Dialister

Megasphaera

Weillonella

Fusobacteriaceae

Cetobacterium

Fusobacteria Sutterellaceae Sutterélla
Proteobacteria Desulfovibrionageae Bilophilg
Enterobacterideede. EsRherichia
Klebsiéllg
Pasteurellaceae, Haémophilus"
Yersiniaceae, Serratia

Verrucomicrobia

Akkermansiaceae

Akkermahnsia

Decreased in preDM

Decreasedin newDM

Increased in preDM

Figurxe 4.13 The Genera/Species found in PreDM and NewDM Groups.
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4.7 Conclusion

This chapter focused on the findings obtained from analysing the dat ccRctzj
in this study. Analyses by group were carried out according to ethnicit sfyabetes
status. When comparing nonDM and T2DM groups, significantly higher.%diversity
was found in nonDMs while beta diversity suggests the pres% low-abundant

ASVs and highly dissimilar species between both the groups. Thi wed that nonDM

had a different gut microbiota diversity in compariso e TiDM roup. In

comparing T2DM with nonDM by ethnicity,  highery ab de m
[ N

Proteobacteria, genus Escherichia-Shigella lower abun e oﬁ(:aenera

Fusicatenibacter and Anaerostipes were foun D On other*hand, in all

study participants, there were various twns seen een<< ‘§«Su\bacteria and

variables investigated in this study. It i§gimportant tognote tl@orrelations found

\ Y
between the significantly pre abu acte a\'%nd clinical. Phylum

[} )

I

TG. On the other handgenus Fusi c}e% elated negatively with BMI and

Proteobacteria correlated positi witf%ﬂﬁA LT, urea, creatinine and
TG while genus Escherich?u’qella orre po@ely with age, BMI, urea and
eni

TG along with positiv rrelaiion

negatively wi M P a
ts {mm the systematic review were summarized.

f DM ici
of pre @1’ DM/ pa n &
These w will cgrr rate th@:ussion in the next chapter.

ith hei%tzlg%ﬁereas genus Anaerostipes correlated

: '_asél')@ut microbiota diversity and composition
'
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