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Lactobacillus was also found to positively correlate with fasting plasma N ),
HbA1c and/or homeostatic assessment of insulin resistance (HOMA-IR) studies.

This renders a need for further investigations on the species/strai
endogenously present Lactobacillus in glucose regulation m and T2DM
disease progression. Differences in dietary intake caused significant variation in specific

bacterial abundances. More studies are needed to estab e consistent
associations, between clinical biomarkers or dietary intake and specific gut bacterial
composition in prediabetes and early T2DM. N
Keywords: gut microbiota, type 2 diabetes, prediabetes, 16S rRNA seq% atic review
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It is expected that by 2030, 578 million people worldwide will
have diabetes, with type 2 diabetes mellitus (T2DM) accounting
for about 90% of this staggering figure (Saeedi et al., 2019). With
an estimated world population of 8,548 million by 2030, this
would predict approximately 6% of the world’s population
having T2DM by 2030 (Worldometers, 2021). In addition,
approximately 8% of the world adult population is projected to
have prediabetes by 2030, thereby also being at risk of developing
full-blown T2DM (International Diabetes Federation (IDF),
2019). T2DM is a non-communicable disease characterized by
an elevated blood glucose level or hyperglycaemia, defined by a
fasting plasma glucose (FPG) level of = 7.0mmol/l or 2-hou
postprandial glucose level of > 11.1mmol/I following oral glieose ™ ac¢ording to a pro lished i nternational Prospective
tolerance test (OGTT) (Alberti and Zimmet, 1998). Intermedi ister of eviews (PROSPERO)

hyperglycaemia or prediabetes state, is defined by an impaired RD42020160: 020) ( manathan et al., 2020) and
fasting glucose (IFG) and/or impaired glucose tolerange (IGT), repo aceqrd ferred Reporting Items for
iCsReviews and -Analyses (PRISMA) guidelines

Wi

after OGTT (Alberti and Zimmet, 1998). It was estimat

to 21% of individuals with prediabetes will develop 009). \
three years (Eades et al., 2014). c')

Individuals with T2DM have an in risk of at nd Eligibility Criteria
developing complications such as kidney f T pathy, tic sea published literature from inception to
neuropathy, cardiovascular disease and limb putati 02 conducted using electronic databases
(Centers for Disease Control Prevention, nt evidence i i Central by the National Center for
suggests a strong association between a Information (PMC-NCBI), MEDLINE
microbiota composition and several _me i i % CINAHL (EBSCO Host). Briefly, main
including diabetes (Han and Li uded in the search were “type 2 diabetes”,

eywords

;&ji ", “newly-diagnosed” and “gut microbiota”. The
complete ‘search strategy is provided in Table 1. Additional
eli studies were identified by hand-searching the reference
$| f included studies. The search was limited to only studies

microbial molecular mechanisms ha

contribute towards the onset

et al, 2020). On the other h

that contributed towards thethe ished in English.

intestinal ~ adverse e of (J Studies that met the following criteria were included: (1)

antidiabetic drug (F@Tslun l. observational studies including case-control, cohort and cross-

sectional study design; (2) studies on adult participants with

lo newDM or preDM (3) studies that included a nonDM control

group and (4) studies in which faecal samples were collected for

gut microbial analysis. We excluded studies in which the

participants were receiving treatment or dietary interventionprior

for identifyin to the investigation, studies in which participants provided

. This would also enabl Me studies  microbiota samples from other body sites, animal studies and
specific P\C:) studies in which participants had other types of
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TABLE 1 | Search terms and search strategy.

Search terms and search strategy

type IT (((“type 2 diabet*") OR “type II diabet*")) OR type 2 diabetes[MeSH Terms]

diabetes/ (((((prediabetes) OR prediabetics) OR prediabetic) OR pre-diabetes) OR pre-diabetics) OR pre-diabetic

1
2
pre-diabetic 3 ((“treatment naive”) OR “newly diagnosed”) OR “new diagnosis”
4 (“impaired glucose tolerance”) OR “impaired fasting glucose”
5 20R30R4
(((((((“treatment naive”) OR “newly diagnosed”) OR “new diagnosis”)) OR ((((((prediabetes) OR prediabetics) OR prediabetic) OR pre-diabetes) OR pre-

diabetics) OR pre-diabetic)))) OR ((“impaired glucose tolerance”) OR “impaired fasting glucose”)

6 1ANDS
((((((“type 2 diabet*") OR “type II diabet*")) OR type 2 diabetes[MeSH Terms]))) AND (((((“treatment naive”) OR “newly diaghosed") OR “new diagnosis”))
OR ((((((prediabetes) OR prediabetics) OR prediabetic) OR pre-diabetes) OR pre-diabetics) OR pre-diabeti
gut 7 (((microbiome) OR microbiota) OR microflora) OR “gut bacteria”
microbiota
composition
8 6AND7

Search (((((((((“treatment naive”) OR “newly diagnosed”) OR “new diagnosis”)) OR ((((((prediabet

OR pre-diabetics) OR pre-diabetic)))) OR ((“impaired glucose tolerance”) OR “impaired fasting glu

microflora) OR “gut bacteria”))
9 Remove duplicates from 8

tics) OR prediabetic) OR pre-diabetes)
(microb"me) OR microbiota) OR

|

diabetes besides T2DM. Review articles, unpublished data, and
articles in other languages were also excluded.

"aX
\

Selection of Studies and Data Extraction Wer! m"@ in this
All search results were exported to a reference manager software IC ] MA ﬂog_.wgra_m). The
(Endnote X9.3.1). Two authors (GL and SGP) selected the L SU% sed in Table
articles based on their titles and abstracts. Any disagreements cted between
between the reviewers were resolved through discussion with the
third reviewer (NA). The full texts of eligible studies were

assessed, and studies deemed irrelevant were excluded.
standard form was used to extract the data of included studie: ;
(Supplementary Excel 1). eLgll., 2021), four
Data recorded were general study characteristics (autho iener et al.,
name, year of publication, journal name, study design et al ;
sample size, gender distribution, mean age) and charac
methodology used by selected studies (microbiota

methods and diversity indices used) and the outcome e — pT——
. - . ecords identi throu itional records identi

The primary outcomes were gut microbial PubMed, MEDLINE Complete, through other sources

differences between study groups at the ph L et b

family and genus taxonomic ranks. Species
according to their respective genus. Th
included clinical biomarkers, dietary

parameters measured along with their corre!
microbial composition.

Quality Assessment \
The study quality was assegsed USing the moliﬁed
4; Bj : .

l | pm——

Records after duplicates removed
‘ > ‘ 1. Animal studies (n=407)

(n=1834) 2. Other studies on gut microbiota
1 & T20M (n=548)

screening | [ identification |

3. Other language papers (n=56)
Records screened based
on title and abstract
(n=54)

4. Other types of studies (reviews,
reports, interventions) (n=255)

)

5. Not related (n=514)

E . Full-text articles excluded (n=13)
Ottawa scale (Wells et al ; BjeMe et S Fulltext articles assessed : =
. . @ for eligibili et G
involves a maximum ng ne stal (::n‘uw 2, RCT/Treatment/Other
categories: (1) sam selection, (2 ili - l - M:‘;”":”W
; e . Reviews/ ypothes
(comparison of the" baseli aranieters) and (8) posﬁg, Conference proceedings (n=2)
(defined measure o and re§ponse rat€ bet en cases § “';‘y':ji:‘:;“"“"‘m'“w“::';:’“
ed on their quali 2 (n=18)
re of 7 t J

and controls). T| dies were categ@rised
which were vi re of 9);/good
(score of 5 10°6); al or (scoré less th

independe sessed the studi
discrepafigies esolved by another researcher (NA).
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FIGURE 1 | Flow chart of process undertaken to identify eligible studies,
according to the PRISMA guidelines.
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TABLE 2 | Summary of study characteristics.

No.  Study Reference Type of Country Sample Age group  Ethnicity No. of Subjects, n (female/mal
Study Size, n (average)
preDM newDM s
IGT IFG CGI
-
1 (Allin et al., 2018) Case-control  Denmark 268 55-68 Danish 134 134
(53/ 53/81)
81)
2 (Bhute et al., 2017)  Case-control India 49 40-60 Indian 19
3 (Chavez-Carbajal Cross- Mexico 217 40-63 Mexicans 54 76 (50/26)
etal., 2020) sectional (36/
18)
4 (Chenetal., 2019)  Case-control Taiwan 100 20-80 N/A 0 (14/36) 50
(22/28)
5 (Diener et al., 2021) Cross- Mexico 430 24-66 Mexicans 42 (29/ 52 57 ( 8 (31/17) 214 (165/49)
sectional 13) (2
23)
6 (Egshatyan et al., Cross- Russia 97 25-75 Caucasian 25 23 '3/10) 49
2016) sectioal (18/7) 38/11)
7 (Ericson et al., Cohort Sweden 1726 >18 N/A 1466 (800/666)
2020)
123) @
8 (Gaike et al., 2020)  Case-control India 102 30-60 Indian 17 11 35 q
11/ (2/9) ' (1@~
9 (Ghaemi et al., Case-control Iran 90 40-60 Iranian *
2020)
10 (Karlsson et al., Cohort Sweden 145 70 Europ 49 : 63
2013) (all women) \)
11 (Lambeth et al., Case-control  USA 49 55-62 Caucasia \ 15
2015) hite, (14 z (10/5)
nics, )
Nati
i QN
12 (Lietal, 2020) Case-control ~ China 60 4 /A 26/4) 30 (26/4)
13 (Nulietal.,, 2019) Case-control  China 60 Chinlese 20 (8/12) OO (9/11) 20 (8/12)
14 (Wangetal., 2021) Case-control China 126 40-70 63 (40/23)
15 (Wu et al., 2020) Cross- Sweden 1495 -64 DC (46) [17/ DC:523
sectional 29] [IPNGT:
VC (58) 226 (127/99);
ﬂ 74 [27/32] hrNGT:
297: (200/97)]
VC:206 (100/
106)
16 (Zhangetal., 2013) Case-control China 12 5 64 13 44
17 (Zhaoetal, 2019)  Case-control China 40-60 \ 16 35
% ©/7) (17/18)
18  (Zhongetal., 2019) Case-control na 254 4 ' % 77 (44/33) 97
4 (65/32)

DC, discovery cohort; VC, validation cohort; [NGT, low-

et al., 2013; Ericson et al., in
Asia[India (Bhute et al.,
et al., 2020), Taiwan (C etal.,

19; Li

e

6 Chipest
75 se
NGT; h Nc\,q@ ” :%

tal., 2019; Li et al., 2020), preDM and newDM (Zhang

Wu et al., 2020), preDM and knownDM (Karlsson et al.,
Lambeth et al., 2015; Ghaemi et al., 2020; Chavez-Carbajal et
al., 2020; Wang et al., 2021), newDM and knownDM (Bhute et

(C?e
i 2013; Egshatyan et al., 2016; Nuli et al., 2019; Zhong et al.,
o7

et al., 2018), Russ @ al., 2017; Zhao et al., 2019) or all three preDM, newDM and
(Karlsson et al 0 knownDM (Diener etal., 2021; Gaike et al., 2020) in comparison
and three in d to gut microbial profile of nonDM. The findings on knownDM
Mexico (Di ese were not analysed in this review.

studies h eDM The 18 studies consisted of 5,489 participants. In 15 of the 18
alone ( , newM alone  studies, 43% of the participants were male (n=2, 252) and 57%
Frontic*&ma Cellular and Infection Microbiology | www.frontiersin.org 4 August 2022 | Volume 12 | Article 943427
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were female (n=2,978). Three studies (Zhang et al., 2013; Bhute
etal., 2017; Ghaemi et al., 2020) did not specify the participants’
gender. The mean age of participants was 50 + 7.82 years. There
was a total of 3,149 participants in the control or nonDM group.
The remaining 2,340 participants with varying glucose levels
included 1,599 preDM, 406 newDM and 335 knownDM. PreDM
was diagnosed using either IFG (Lambeth et al., 2015; Allin et al.,
2018; Gaike et al., 2020; Chavez-Carbajal et al., 2020; Ericson
et al.,, 2020), IGT (Karlsson et al., 2013), combined glucose
intolerance (CGI) (Wu et al., 2020), IFG and/or IGT (Diener
et al., 2021; Zhang et al., 2013; Egshatyan et al., 2016; Zhong
et al., 2019; Ghaemi et al., 2020; Wu et al., 2020; Wang et al.,
2021). NewDM was diagnosed using OGTT (Diener et al., 2021;
Zhang et al., 2013; Egshatyan et al., 2016; Bhute et al., 2017; Nuli
etal., 2019; Zhao et al., 2019; Zhong et al., 2019; Li et al., 2020;
Wu et al., 2020), HbAlc (Egshatyan et al., 2016; Zhao et al., 2019;
Gaike et al., 2020) and fasting plasma glucose (FPG) (Chen et al.,
2019). In 10 out of 11 studies that had participants with newDM,
no information was provided regarding period between newDM
diagnosis to sample collection while one study reported to only
have included participants with newDM who had disease
duration of <12 months and a HbAlc range of 6.5 — 9.0%
(Egshatyan et al., 2016).

Quality Assessment for Risk of Bias

Table S1 summarises the quality assessment of the studies
included. The mean score for the studies included was 8 (range
of 6-9) out of a possible total of 9. All studies received either very
good or good scores. One study received three out of five
maximum scores in the section on study selection as it did no
describe sampling strategy or justify the sample size (C
Carbajal et al., 2020), which are criteria to be fulfilled for cro
sectional studies, based on the decision rule in the
Newcastle Ottawa scale used in this review. In the co
section, five studies (Zhang et al., 2013; Bhute et al.
et al., 2019; Gaike et al., 2020; Ghaemi et al., 2020
cases and controls were matched based on diab

and did not take into account other confoundi
gender or age. Meanwhile, in the exposure %
(Zhang et al., 2013; Lambeth et al., 2015; Bhute et al’}
etal., 2018; Chenetal., 2019; Nulietal., 2
Zhong et al., 2019; Gaike et al., 202
2020) did not mention the num
dropped out, if any.

Microbiome Analysi etho s
Table 3 summarises the methodo adapted!:y the
he!

analyse the microbiome se studies.used varyi

kits for DNA extraction and nt mi
platforms including Illum iseq (Dieperetal.,
, 2015; Egshatyarfiet al ; Alllh etd@l.,

2019) or Hi-Seq (K n ., 2088;

anjbeth et
et

et al., 2020; E t al 3 20'W g et

platforms, tl X Titani pyr ng
etal., 2013 ncmgwn ucl Bhute e 2017;
Chavez-Cal ,2020), lon S! erérwnh orrent
Technol ( et al., 2019), enomics

shotgun  met:
&

sequencing using the BGISEQ-500 platform (Zhong et
as well as quantitative polymerase chain reaction (qQPC
etal., 2019; Ghaemi et al., 2020). When the 16S rD!
for sequencing, the hypervariable regions targgted inc!

(Diener et al., 2021; Lambeth et al., 2015; l., 2018;
Gaike et al., 2020), V3-V4 (Egshatyan et al' §2016; ietal,
2019; Zhao et al., 2019), V3 (Bhute e 7;

Chavez-Carbajal et al., 2020), V1-V3 (Ericson et al'¥2020) or V3-

V5 (Zhang et al., 2013) regions, whil
the target regions (Karlsson et al., 201
etal., 2020; Wu et al., 2020; Wang et al.,
using gPCR to assess the micro had
specific bacterial 16S rRNA pr|
Atopobium  cluster,
Clostridium coccoj

did not specify
ong et al., 2019; Li
21). The two studies
d ten and six pairs of

respectively, to target
agilis, Bifidobacterium,
idium leptum, Clostridium
terocqcus, Lactobacillus and

nd Akkermansia, Bacteroides,
Faecalibacterium an

gre cﬁjﬁed

i its (OTU hang

; Egshatyn eff al., %Ehute
i ad(af, 2

Bifidobacterium Lactobacillus

,2019;

z-Carbaj al., 2020;
MGC (Karlsson et

obiota (I 11/g) (Chenet

metagenome ng etal., 2021),
(MLGs) g et al., 2019)or
SVs) ( retal., 2021).

icrobie
erage m @ al dlversny within asingle

repor
e “Shanpon

observed species richness,
(ACE), Chaol and

020), newDM (Zhang et al., 2013; Bhute
1., 2020) and in both preDM and newDM
comparison to nonDM. Two other studies
ignificant reduction in a-diversity in preDM
@ 2015) and newDM (Zhao et al., 2019). On the
t hand ther two studies, (Zhong et al., 2019) and (Wang
et found no significant difference in a-diversity among
pre nd newDM in comparison to nonDM. Diener et al.
( found that genera Ruminococcaceae was the most
ively correlated with a-diversity while Fusobacterium,
%@onifractor, and Parasutterella were the most negatively
rrelated with a-diversity (Diener et al.,, 2021). Allin et al.
(2018) went on to demonstrate that a-diversity in the total group
of subjects was negatively correlated with T2DM biomarkers
particularly plasma triacylglycerol and high sensitivity C-
reactive protein (hsCRP), as well as body mass index (BMI), hip
circumference (HC), fasting blood glucose (FBG), fasting
plasma insulin (FINS), plasma C-peptide and HOMA-IR (Allin et
al., 2018). Ericson et al. (2020) examined the
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5 August 2022 | Volume 12 | Article 943427

147



APPENDIX A

Letchumanan et al.

Gut Microbiota in Diabetes

TABLE 3 | Characteristics of the methodology used by the 18 selected articles for gut microbiota composition and diversity assessments.

A v ~ 4

No. Study DNA extraction Gut microbiota amplification region and Taxonomical Gut microbiota diversity dssessment
Reference kit/method sequencing platform used classification measure:
a-diversity index ﬁi dex
4

1 (Alinetal, NucleoSpin Soil Mini Kit, 16S rRNA V4 region - Illumina Miseq QoTu Observed OTUs and eights niFrac and
2018) Macharey-Nagel Phylogenetic Diversil

2 (Bhuteetal., QIAmp DNA Stool Mini Kit, ~Eubacterial 16S rRNA, Archaeal 16S, Eukaryotic QoTu Observed OTUs and Weighted, Unweighted
2017) Qiagen 18S and fungal ITS genes- Ion Torrent PGM Chao1l UniFrac and PCoA

3 (Chavez- MoBio PowerSoil DNA 16S rRNA V4 region - Ion Torrent PGM oTu Observed OTUs, € ‘W UnWeighted UniFrac and
Carbajal et al., Isolation Kit, Mo Bio Shannon and Simp! PCoA
2020) Laboratories

4 (Chenetal, QIAamp Fast DNA Stool Mini specific bacterial 16S rRNA primers -quantitative Microbiota ~ Not stat Not stated
2019) Kit, Qiagen polymerase chain reaction (qPCR) (log10 cell/g)

5 (Diener et al., MoBio PowerSoil DNA 16S rRNA V4 region - Illumina Miseq ASV Sh Not stated
2021) Isolation Kit, Mo Bio

Laboratories
6 (Egshatyan  Chemical-based method

etal., 2016)

16S rRNA V3-V4 region - Illumina Miseq
Multidimensional Scaling

(MDS) plot
N ed
served OTUs and teddand

' UniFrac and

7 (Ericson et al., QIAmp DNA Stool Mini Kit, 16S rRNA V1-V3 region - Illumina HiSeq

2020) Qiagen
8 (Gaikeetal, QIAmp DNA Stool Mini Kit, 16S rRNA V4 region - Illumina HiSeq
2020) Qiagen Simpson Unweighted MniFfac
9  (Ghaemi et al., QIAmp DNA Stool Mini Kit, specific bacterial 16S rRNA primers -qPCR Logl toolNot state No'statedc)
2020) Qiagen é
10 (Karlsson et al.,QIAmp DNA Stool Mini Kit,  Illumina HiSeq 2000 etagenomic  Not stat Not state
2013) Qiagen \’:
11 (Lambeth QIAmp DNA Stool Mini Kit, ~ 16S rRNA V4 region - Illumina MiSeq -Curtis, Unweighted
etal, 2015) Qiagen d Weighted UniFrac
12 (Lietal., 2020 MoBio PowerSoil DNA 16S rRNA full length - Illumina Not stated
Isolation Kit, Mo Bio
Laboratories
13 (Nuli et al., QIAmp DNA Stool Mini Kit, 16S rRNA V3-V4 region - I Mis Not stated
2019) Qiagen i
14 (Wang etal.,  Sodium dodecyl sulfate Illumina HiSeq etag Not stated
2021) (SDS) method
15 (Wuetal., Repeated bead beating Illumina Hiseq MG N; d Bray-Curtis and PCoA
2020) method
16 (Zhangetal., Commercial kit, INtRON 16S rRNA V3-V5 regi 4 GS Fl.ﬂ'itanium OTU g@l and Shannon Principal component
2013) Biotechnology pyro-sequ [} % analysis (PCA)
17 (Zhao et al., FastDNA Spin Kit, MP 16S rRI 3-! ion - Ion S5 st ncer oTu aol, Shannon and  Unweighted UniFrac and
2019) Biomedicals ; Simpson PCoA
18 (Zhong etal., Chemical-based method Shotgun meta - Shannon Bray-Curtis
2019) 50

ic seque Meta

] Linkz\wups
correlation between the food patterns and ?ﬁversity inﬁ erﬁl. 20) observed using Principal Coordinate Analysis
and nonDM, but discovered no stical w t

at bacterial diversity of newDM was distinct from that
association (Ericson et al., 2 , whereas preDM formed an overlapping cluster with

indicating similarity in bacterial diversity (Gaike et al.,

studies using princip \

component analysis (ﬁut Microbiota Composition

i All eighteen studies provided information on microbial
abundance by genus/species ranks. Eleven studies (Zhang et al.,
2013; Karlsson et al., 2013; Lambeth et al., 2015; Egshatyan et al.,
2016; Bhute et al., 2017; Nuli et al., 2019; Zhao et al., 2019; Zhong

et al., 2019; Gaike et al., 2020; Li et al., 2020; Chavez-Carbajal

e?( able 3).
b-diversity agon
ut %('
n both pgm nd

?in com on to
in thegfﬂ

versity  etal., 2020) reported the taxonomic rank of microbial abundance

ups and nonDM groups (Zhahg.epal., 2013; by phylum level. Nine studies (Zhang et al., 2013; Karlsson et al.,

Alli 8; Zhong et al., 2019; Wang e{" 21). Gaike 2013; Lambeth et al., 2015; Bhute et al., 2017; Allin et al., 2018;
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Nuli et al., 2019; Zhao et al., 2019; Li et al., 2020; Chavez-Carbajal
et al., 2020) reported by ranks of class, order and family.

Eight studies reported that Bacteroidetes and Firmicutes were
the predominant phyla in all groups studied, i.e., preDM and/or
newDM and nonDM (Zhang et al., 2013; Karlsson et al., 2013;
Lambeth et al., 2015; Egshatyan et al., 2016; Nuli et al., 2019;
Zhao et al., 2019; Zhong et al., 2019; Li et al., 2020).
Proteobacteria was reported as the next predominant phyla in
five out of these eight studies (Karlsson et al., 2013; Lambeth
etal., 2015; Nuli et al., 2019; Zhao et al., 2019; Zhong et al., 2019).
All eighteen studies reported significant differences in gut
microbiota composition by microbial taxa in the disease groups
i.e. preDM and/or newDM when compared to the nonDM
control group (Table 4 and Table S2). In four studies,a
significant increase in the phylum Firmicutes along with a
significant decrease in phylum Bacteroidetes were observed in the
newDM group (Bhute et al., 2017; Nuli et al., 2019; Zhao et al.,
2019; Gaike et al., 2020). Two of these four studies each found a
significant increase (Zhao et al., 2019; Gaike et al., 2020) or
significant decrease (Bhute et al., 2017; Nuli et al., 2019) in
Proteobacteria respectively. Meanwhile, two other studies
reported a significant decrease in phylum Verrucomicrobia in
preDM group (Zhang et al., 2013; Egshatyan et al., 2016). Two
studies reported increased Firmicutes/Bacteroidetes ratio (F/B
ratio) among newDM (Zhao et al., 2019; Li et al., 2020) and
one study reported increased F/B ratio among both preDM and
newDM (Gaike et al., 2020).

Figure 2 depicts findings from all 18 studies on the
significantly differing genera/species belonging to the si
predominant gut bacterial phyla in a heatmap-like format. Whe
focusing exclusively on changes reported by two or
studies, the composition of a particular genera/s
demonstrated distinct changes in disease groups (Tabl
Table S2). The number of Streptococcus (Karlsson et
Allin etal., 2018; Zhong et al., 2019), Escherichia (Rie
2021; Zhong et al., 2019; Ghaemi et al., 2020) and Vi
(Diener et al., 2021; Nuli et al., 2019) in preD i
Similarly, Lactobacillus (Bhute et al., 2017; £he al., 2019;
Gaike et al., 2020) and Collinsella (Zhang QM " Zhong
et al., 2019), were increased in newDM. On th er h
Faecalibacterium prausnitzii (Karlsson et Allin effal.,
2018; Zhong et al., 2019; Ghaemi ., 20 u et al., 2020),
Akkermansia (Zhang et al., 2013 al’»2018), Alistipes
(Karlsson et al., 2013; Wu et al., 20 iget al.,
2019; Wu et al., 2020) and Roseburia
Zhong etal., 2019) were decre:
(Zhong et al., 2019; Gaike
2019; Li et al., 2020), H

et al., 2019), Roseburi )
and Faecalibacteriu .
et al., 2020) were de¢reased.in

2013; Karlsson et al.

Ghaemi et al., i et 2020)
2013; Egshatya ; Bhute e
of the ph idetes; #Blattia

al
Egshatyai ", 206; Allin &t al

e et
peci
4 and

Gaike et al., 2020), Eubacterium (Zhang et al., 2013;
al., 2013; Zhao et al., 2019; Ericson et al., 2020), Clo:
(Karlsson etal., 2013; Allin et al., 2018; Chen et al" 286L9;

etal., 2019; Wu etal., 2020) and Coprococcus @1lin et 018;
Zhao et al., 2019; Zhong et al., 2019; Wu gt ) of the
phylum Firmicutes all exhibited changes in Both diregtions.

Correlation of Gut Microbiota Composition

With Other Parameters
Fifteen studies assessed clinical indices
study groups and correlated them with indi
abundance (Diener et al., 2021; et
2013; Lambeth et al., 2015; Egshatyan
Allinetal., 2018; Chenetal., i
Gaike et al., 2020; Li
Ericson et al., 2020; W
S3, S4 respectively (S
Nine studi

ietary habits in their
al gut microbial taxa
2013; Karlsson et al.,

7 2016; Bhute et al., 2017;
al., 2019; Zhao et al., 2019;
; Chavez-Carbajal et al., 2020;

1). These are depicted in Tables
t al., 2013;
2020; Ericson
L,

) had si matly
i cirela %!Iween
ba eriu& seburia

i tella (Zhao
genera mtella (Nuli
Nd specifically

. Meanwhile, the

to Bacteroides

et al., 2019), Blautia wexlerae
Allin et al., 2018) and specifically
idium coccoides (Chen et al., 2019).
1c were observed to either correlate

1a, negatively with genus Clostridium

) and positively with genus Lactobacillus

9; Gaike et al., 2020) and specifically

acil seri (Karlsson et al., 2013). Besides that, it was

isco ere@ inflammatory marker C-reactive protein was
ositively associated with the genus Veillonella (Diener et al.,
g@negatively associated with the genus Clostridium

al., 2018). Likewise, interleukin-6 (IL-6) inversely

ed with the genus Blautia (Diener et al., 2021) whereas
ipenectin was positively correlated with genus Clostridium

beth et al., 2015).

(J Regarding dietary intake, five of the 15 studies assessed
dietary intake using various measures (Egshatyan et al., 2016;
Chen et al., 2019; Nuli et al., 2019; Chavez-Carbajal et al., 2020;
Ericson et al., 2020). These included a 24-hour dietary recall
(Chavez-Carbajal et al., 2020), a 3-day food record of at least 1
weekend or 1 weekday (Chen et al., 2019), a 4-day web-based
food record, developed by the Swedish National Food Institute

2
(A
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TABLE 4 | Continued

N

my

2 N

g' Taxa Increased in = 3 papers Increased in 2 papers Increased in 1 paper Decreased in 1 paper ‘% Decreased in 2 papers Decreased in = 3 papers

5 level

IS preDM newDM preDM newDM preDM newDM preDM nem preDM newDM preDM newDM

=

3 etal., 2013) boltae (Wu eutactus (Zhong  Haemophilus (Nuli Dorea (Zhang etal.,  Dorea longicatena Phascola rium  intestinalis Blautia (Diener (Zhong et al.,

a Streptoco- etal., 2020) et al., 2019) etal.,, 2019) 2013) (Karlsson et al., 2013)  faecium (Li I, 2020)  (Karlsson et al., etal., 2021; Gaike  2019)

5 ccus Clostridium Eubacterium Lachnospira (Ericson  Escherichia (Diener Desulfurispirillum Pswm‘ractor 2013) et al., 2020) Clostridium sp

‘g salivarius clostridioforme  (Zhang et al., et al., 2020) et al.,, 2021) indicum (Karlsson . (Wu'8F al., 2020) Blautia (Allin et al.,  Clostridium (Karlsson et al.,

g' (Zhong et al., (Karlsson 2013) Lactobacillus Faecalibacterium et al., 2013) WMCUS (Gaike  2018; Diener etal., coccoides (Chen  2013; Wu et al.,

= 2019) etal.,, 2013; Eubacterium halii ~ (Karlsson et al., prausnitzii (Zhong Haemophilus et'gh, 202 2021) et al., 2019) 2020)

g' Streptococ- Wu et al., (Zhao et al., 2013) et al.,, 2019) parainfluenza (Zhol inoclostridium (Nuli ~ Coprococcus (Allin ~ Clostridium bartletti  Clostridium

g’- cus 2020) 2019) Lactobacillus gasseri ~ Lachnospira (Nuli et al., 2019 et al., 2Q19) etal., 2018) (zhong et al., thermocellum

g thermophilus Prevotella Prevotella (Karlsson et al., etal., 2019) Intestinimonas Streptococ na Coprococcus 2019) (Karlsson et al.,

: (Allin et al., (Egshatyan (Egshatyan et al.,  2013) Megamonas (Li et all, 2013 actus (Wu Clostridium 2013)

= 2018) etal., 2016; 2016; Zhang Lactobacillus etal., 2020) al., 2020) hathewayi (Zhong Faecalibacterium

§ Zhang et al., etal., 2013) salivarius (Karlsson Megamonas * Coprococcus sp. etal., 2019) prausnitzii (Allin

'g- 2013) etal., 2013) funiformis (Li et al., Y- (Zhong et al., etal., 2018;

ES Veillonella Megamonas (Nuli 2020) 2019) Clostridium leptum ~ Ghaemi et al.,

3 (Diener et al., etal., 2019) Megapshaera Y' Eubacterium (Chen et al., 2019)  2020; Karlsson

g 2021; Nuli Megasphaera elsdenii  elsdenii (Zhong (Ericson et al., Clostridium sp (Wu et al., 2013;

a etal, 2019) (zhong et al., 2019) et al., 2019) 2020) et al., 2020) Zhong et al.,
Roseburia (Ericson Mucispirillu uh 4& Eubacterium Dialister invisus 2019)
et al., 2020) etal., 2019) . O eligens (Karlsson (Zhong et al., Faecalibacterium
Ruminococcus (Allin Peptostreptococcus ™ Py et al.,, 2013) 2019) sp. (Wu et al.,
et al., 2018) (Zhang 13) Flavonifractor (Nuli  Dialister 2020)
Ruminococcus Protefiphilum (Nuli etal., 2019) succinatiphilus (Li

o gnavus (Allin et al., e 0 Flavonifractor et al., 2020)

2018)
Ruminococcus

et al., 2016)

Sutterella (Allin et als
2018)&

torques (Allin et al.,
2018) al., 2016)
Serratia (Eg€tyit orobacter

#t al., )

rella Kl\@} al.,

Diener

’re tococcus (Zhang

etgl. 2013)
N‘\.,QOU) Eb
bdoligranulum %

plautii (Wu et al.,
2020)

Roseburia
(Karlsson et al.,
2013)

Roseburia hominis
(Zhong et al.,
2019)

Haemophilus
(Zhang et al., 2013)
Haemophilus
parainfluenza
(Zhang et al.,
2013; Zhong et al.,
2019)
Faecalibacterium
prausnitzii (Bhute
etal.,, 2017; Zhang
et al., 2013)
Faecalibacterium
sp (Wu et al.,
2020)

Roseburia (Zhang
et al., 2013)
Roseburia hominis
(Zhong et al.,
2019)

Prevotella (Zhao
etal., 2019)
Prevotella copri
(Bhute et al., 2017)

All findings are significant (p < 0.05).
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Py
Actnobteris

aceroidetes

Femicutas

groups, by number of reporting studies.

FIGURE 2 | A heatmap-like view depicting the genera/species of the six predominant gut microbial p!

found to increase or

(Ericson et al., 2020), a quantitative evaluation of food intake
based on a computer program ‘Analysis of Human Nutrition’
(Egshatyan et al., 2016) and a 12-month dietary recall that
recorded frequency of 84 food items consumed daily, weekly,
monthly, annually or never (Nuli et al., 2019).
Chen et al. (2019) reported significantly lower daily fibr
intake and significantly higher fat intake in newDM
compared to the healthy controls. In newDM, they obsel
positive correlation between cholesterol intake and Clostridium
coccoides and Clostridium leptum while both carbohydrate and
cholesterol intake were positively associated with B
fragilis. Fibre intake was also found to be positive
with genus Bifidobacterium. On the other hand, the
negative correlation between carbohydrate an
family Enterobacteriaceae as well as between fatiintak
Enterococcus (Chen et al., 2019).
Meanwhile, Nuli et al. (2019) foun
cereals, meat, salt and oil were excessi
shrimp and dairy products were
compared to nonDM. They rep
correlations: energy and protein intake wi

carbohydrate intake with genugiDialister, cholest:
intakeywith phyluiSpiro
etween fat intake and
e

genus Megasphaera and fibr

well as negative correlati lum
Actinobacteria in both pri wD et 013)
Chavez-Carbajal et 020) nhoted incre nergy
and macronutrients fintake ng preDMF when gotred
nonDM. On the oth “Egshatyaff et al. (2 nated higher
levels of daily e and.garbohydrate co n in newD
when compa M. The a Ive
correlation gbetwe! nergy d¥ cho in ith
Bifidobactériumi'starch intake With aﬁsuga intake with
Catenib ri eanwhile, a poSitive correlatioms

Q)
\C-j
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S
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rve i

ily intake of |
vegetables, fish,
newDM wihen
lowing positive
genus, Prevoti
M D

rium and
y, the study
analysing the

Bifidob

lower carbohydrate or fat
f Se was increased among
umed eamounts of energy and
of energy intake per day, the glucose
ificantly decreased abundance of the
hatyan et al., 2016).
O@Sﬂved that a diet consisted of what
alth-canscious food pattern’ was associated
% of prediabetes. This association,
s, is linked to BMI and gut microbiota,
ndance of Roseburia. They also found that
ake had a positive associationwith genera
chnospira and a negative association with

e high abu
cipants who

arbohydrate. R

a ‘hei

ystematic review aimed to provide an overview of changes
rted in the gut microbiota of subjects with preDM and newDM,
perturbed by pharmacotherapy, when compared to individuals
th normal glucose tolerance. The comprehensive search of the
databases and references list resulted in inclusion of a majority of
high-quality studies that contributed to the review’s strength. We
discuss herein the consistent differences in the composition of gut
microbiota and their correlation with various parameters.
Bacteria in the gut predominantly belong to six phyla i.e.,
Firmicutes, Bacteroidetes, Actinobacteria, Proteobacteria,
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Fusobacteria, and Verrucomicrobia, with the two phyla
Firmicutes and Bacteroidetes accounting for 90% of the total gut
microbial composition (Rinninella et al., 2019). The changesin
the abundance of specific Firmicutes and Bacteroidetes species and
the overall increase or decrease in F/B ratio are often associated
with several diseases. Studies in obesity and known T2DM have
found that the F/B ratio increases (Silva et al., 2020),decreases
(Levy et al., 2016; d’'Hennezel et al., 2017; Parada Venegas et
al., 2019) or even remains unchanged (Stojanov

etal, 2020; Anhget al., 2021). In the present review, a
significant increase in Firmicutes along with a significant
decrease in Bacteroidetes among newDM were observed (Bhute
etal., 2017; Nuli et al., 2019; Zhao et al., 2019; Gaike et al., 2020).
However only three (Zhao et al., 2019; Gaike et al., 2020; Li et al.,
2020) out of the 18 studies reported on the F/B ratio, even so with
contradictory findings. In past studies, an increase in Firmicutes
or a higher F/B ratio has been linked with development of
obesity, as Firmicutes are more efficient than Bacteroidetes in
harvesting energy from food, thus contributing to the extra
calories (Magne et al., 2020). While obesity is a major risk factor
for T2DM, the disease is also characterized by a state of low-
grade inflammation that precedes the onset of glucose
intolerance. The pro-inflammatory cytokines are said to impair
insulin signalling, increase permeability and inflammation in the
intestinal epithelium, eventually leading to development of
insulin resistance (Tamanai-Shacoori et al., 2017). While the
notion remains that this continuous low-grade inflammatorystate
is caused by lipopolysachharide (LPS) produced by the Gram-
negative gut microbiota (Cani et al., 2007), it is now evident tha
Bacteroidetes, the most abundant group of Gram- negativ
bacteria in the gut produces distinct subtypes of LP ith
immunoinhibitory  functions that prevents inflammati
(d’Hennezel et al., 2017). Logically, a decrease in either of the two
dominant Firmicutes or Bacteroidetes phyla, coul ibly
increase the relative abundance of other Gram-negativ
such as those belonging to the phylum Proteobact
inducing production of more pro-inflammat
subtypes (Magne et al., 2020; Anheet al., 2024).
other phyla, however, may not necessarily furt
ratio (Stojanov et al., 2020). Moreover, the F/B r
consider compositional changes that ma
larger variety of family, genus andgpecies
each phylum. The relevance of thelF/B ratig t
marker for metabolic diseases is th el
important microbiota-associated factor i

the production of short-chai tty acids (S
namely acetate, propionate b

of fibre fermentation by ia in the gut.
exert many beneficial effects on

system (Parada Ve NI., 2019; Silv
Firmicutes are th% producers® of

does
ring in the
onomic levels of
rve as a disease
nclusive. »xother

Bacteroidetes mainly uce)acetate and propi
2016; Parada V et i
been shown to

epigenetic régulation'@f genes
inflammato ctions seen in T

2014). In relation to this, although an increase

Firmicutes was noted, several members of this phy ere
constantly found to be decreased in the disease s. {Bhey
were Faecalibacterium prausnitzii, Roseburi@, Dia and
Flavonifractor. The role of these organis rkers of
health is well established. Their beneficial‘effects mainly
attributed to their ability to produce SCF. cially butyrate,
that play a major role in maintaining intestinal bafrier integrity,

energy homeostasis, attenuating infl

glycaemic response (Tamanai-Shacoo
2017; Martiet al., 2018, Mukherjee et
studies also found F. prausnitz
et al., 2014; Candela et al., 2016),

al.,

2020). Previous
etal., 2013; Remely
er (Almugadam et al.,
15) to be reduced among
cation. Taken together, these
eria age depleted in the gut
f diabets and may remain so

known T2DM patiel
microbiome prior to t
even after treat] i
th ase groups in
s,‘kke sia

d Haemophilus, of
Eklls f to be
A@ s (Wu
bacterium,is known to
ain dise:gf including
ic in others due

. Previous studies
rier protecting A.
high fat diet-induced
in treatndent (Shin et al., 2014; de la

7). O her hand, a decrease in
ium incr@gut permeability, a known
progtession (Cani et al., 2008). The

%\in agreement with a study
pattern in women with active vs
n increase in this genus, along with
cterial species Faecalibacterium
] Rosebuq{ inis and Akkermansia muciniphila in

en (Bréssa'®tal., 2017). This is unexpected given that
s is a mucosal pathogen and its abundance
with varying pathogenicity in infections

grskov- en, 2014), multiple sclerosis (Chen et al., 2016)
nd Ion@arcinoma (Liu et al., 2020).

n the other hand, the bacteria found to have increased in
among the disease groups included Firmicutes:
coccus, Veillonella and Lactobacillus, specifically L.
is, L. gasseri and L.salivarius as well as Escherichia (a
obacteria) and Collinsella (an Actinobacteria).
ptococcus, Escherichia and Collinsella are all known gut
inhabitants whose abundance are associated with several

., 2012). 1
effects gagal

CuBsta-Zuluaga e
abundance of this b

haractéristic in
decreases, i aemop
igati e gut

inv
entary lif

inflammatory diseases including T2DM (Qin et al., 2012;
Candela et al., 2016). Increased abundance of Escherichia coli is
also linked with increased microbial infections in diabetic
patients (Wiwanitkit, 2011). All three genera are positively
associated with animal-based diet consumption and studies have
reported that these bacteria can be successfully reduced
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through fibre-rich and plant-based dietary interventions
(Candela et al., 2016; van Soest et al., 2020). Bacteria belonging
to genus Veillonella are Gram-negative bacteria (unlike most
Firmicutes) (Megrian et al., 2020), however there is little evidence
for their role in health and disease to date. The
immunomodulatory and probiotic properties of Lactobacillus
are well established. However, along with its association seen
herein with preDM and newDM, the present review also found
noteworthy positive association between the genus Lactobacillus
and glycaemic markers including FPG, HbAlc and the
associated HOMA-IR index. The abundance of Lactobacillus
has also been linked to chronic inflammation seen in known
diabetic subjects (Zeuthen et al., 2006; Larsen et al., 2010; L&
et al., 2013). Although probiotic strains of Lactobacillus have
been found to have beneficial anti-diabetic effects in mouse
models (Yun et al., 2009; Park et al., 2015; Lee et al., 2018), it
is likely that the effects of endogenous Lactobacillus species
towards health and disease is strain dependent and further studies
are required to investigate their direct effect on T2DM.

Overall, the increased levels of glycaemic and pro-
inflammatory markers along with low diversity of gut bacteria
among the preDM and newDM generally observed in this review
suggest the possibility of gut bacteria- associated inflammation-
induced environment preceding the development of T2DM.
Although the studies included in this review found significant
association between clinical biomarkers and the abundance of
specific bacterial groups, no consistent findings were observed
between studies, with the exception of the correlation between
glycaemic markers and Lactobacillus abundance. Similarly, n
consistent findings between studies were noted in correlatio
between dietary intake and specific gut bacterial comp
However, the studies were able to conclude that a less healt
food pattern including increased carbohydrate, fat or_energy
intake or a reduced fibre intake correlated with prevalence of
preDM or newDM and differences in dietary i
significant variation in specific bacterial abundance.

Limitations
One of the limitations of the present revitwO i
summarises studies investigating gut microbio
studies to look into microbiota of
faeces, in order to differentiate m
the total composition present in faeces.
associated bacteria may have a more i
pathogenesis of disease. It is important tg e
findings from observatiol stu selecte(i
conclusively establish changes i
composition were a ct of
Hence, bacteria foun

se or
0 creased Or increas
groups could not bel€onclusi termed a8 bei

‘pro-diabetic’, respec

Cat

several biases. t is that fcompo, anal of
microbiotagequires the mi i mmed
to a 100% t porting the re not the
absolute position of the microorganisms present

\(..)

| ?cﬂ‘ss?ai,u

in the faecal samples of participants. Thus, if one bacte!
appears to be reduced, the others will naturall 0 be

Yy, appe
increased and vice versa. Differences in samplin ionsimay
also tend to introduce false positives and false neégatives'{sin and

Peddada, 2020).

Another challenge in analysing gut micrébiome.data across
studies is the biases caused by the het methodology
adapted. This limits the comparability of studies’and leads to

ta-analysis was
Although all studies
differed across the

ambiguous results across similar st
also not workable for the same reas
targeted the 16S rRNA gene, factors t

gion, pipelines and

studies i.e. the choice of s cing
databases used for bioinformatics al influenced the results

produced. Moreover, the us rent diversityindexes and
statistical analysis comparability of microbial

diversity between the ies choice of the diversity index
affects the interpretati microbiome data and leads to a
lack of generali results acfoss' the stuflies. Besides
methodological ions, thepuse iversity as a
biomarker in health a sease ded by%gnic
transit time ger et al., 2016) and stoglPconsisten lony
et al., 2016).

Morgg , the taxonamic ity xhihkqi y these
analyses ot take intg,acaount,

functi edundancy

bi omicq!lyogt.i‘;ct bacterial
nctighs and as such,
variation (Louca

metabolic function

ere found to have heterogeneity
istencies in the findings on gut
among preDM and newDM when
ocusing on changes that were similarly
re studies, it was evident that certain
be increased (Lactobacillus, Streptococcus,
i @bnella and Collinsella) and/or decreased(
ium prausnitzii , Roseburia , Dialister ,
toF, and Akkermansia
niphila) in preDM and newDM. These alterations were
g@ot consistent across all studies included, hence
ising the uncertainty that lies in this field of study. The
d presence of Lactobacillus in preDM and newDM along
its positive correlation with glycaemic markers were also
nsistent observations. This renders a need for more
vestigation on the species/strain-specific role of this genus in
T2DM disease progression and glucose regulation mechanism.
Healthier food intake inversely correlated with prevalence of
preDM and newDM, while differences in dietary intake caused
significant variation in specific bacterial abundances. More
studies should investigate the correlation of clinical biomarkers
and dietary intake with gut bacterial composition in prediabetes
and early T2DM to establish more consistent associations.

Alistipes, Haemophilus
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RISALAH MAKLUMAT PESERTA DAN
BORANG PERSETUJUAN atau KEIZINAN PESERTA / PARTICIPANT INFORMATION SHEET
AND INFORMED CONSENT FORM
(untuk subjek dewasa dan penyelidikan intervensi) / (for adult subjects and interventional studies)

Tajuk penyelidikan / Title of study: Peranan mikrobiota usus mengikut kaum di dalam patogenesis penyakit
diabetes mellitus jenis 2 / Ethnicity-related gut microbiota involvement in the pathogenesis of type 2 diabetes
mellitus via alterations in metabolic regulators

Pengenalan / Introduction:

Anda telah dijemput untuk menyertai penyelidikan ini kerana sama ada anda didapati menghidap penyakit
kencing manis (diabetes) atau berada dalam fasa pra-diabetik atau disahkan tidak menghidapi diabetes.
Penyelidikan ini telah mendapat kelulusan Jawatankuasa Etika dan Penyelidikan Perubatan, Kementerian
Kesihatan Malaysia.

You are invited to participate in a research study because you have been either newly diagnosed for havi
diabetes, are in the pre-diabetic phase or confirmed to be non-diabetic. The details of the study are desc

in this document. This study has been approved by the Medical Research and Ethics Committee, Ministry o

Health Malaysia. ‘

. Apakah tujuan penyelidikan ini dilakukan? / What is the purpose of the study?
Tujuan penyelidikan ini dilakukan adalah bagi menentukan komposisi microbiota usus dal
makanan individu pra-diabetik dan diabetik berbanding dengan individu yang tidak diabetik®Ren:
ini diperlukan kerana strategi terapi yang sedia ada bagi merawat atau mengelak diabetes al
mencukupi. Kajian antarabangsa baru baru ini telah membuktikan bahawa microbiota
peranan penting dalam pengawalan kadar gula dan diabetes. Maka ada harapan besar

ah tidak™
emai
nipulasi

kan
gi me tau
membaikpulih) microbiota usus bagi mengelak atau merawat diabetes. Tetapi d masi;, dak 2 (
mencukupi, lebih lebih lagi di kalangan rakyat Malaysia terutamanya di kalangan 3 kau tama%mia ia. (j@bu
I an
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Sejumlah 135 orang termasuk anda, akan mengambil bahagian di dalam kajian“mi. Penyelidi
berlangsung selama 3 tahun dan sumbangan masa anda lebih kurang 1 jamédipe
menerangkan perjalanan kajian ini. Kemudian penyelidik akan mendapatkan 16a

daripada anda.

an b
najis

i penyelidik

available strategies for therapy and prevention of diabetes is insuffici
shows that gut microbiota play an important role in glycaemic contgél a i
manipulating gut microbiota to prevent or treat the onset of dia%—(
demonstrate gut microbiota relatedness to diabetes among the
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Y

p%l an ini? / Who is funding the research?

Kajian ini ditaja sepenuhnyaioleh K€menterian Pendidikan Malaysia yang akan membayar semua peralatan
penyelidikan dan prose berkaitan. Mana-mana prosedur dan rawatan lain yang tidak diperlukan
dalam penyelidikan inj tetapi merupakan sebahagian daripada rawatan harian anda, adalah tanggungan anda
sendiri ataupun pihak i anda. Anda akan menerima sedikit cenderahati dan wang tunai RM20 sebagai
perbelanjaan perjalanan ultuk penyelidikan ini.

This study is spofisered by the Ministry of Education, Malaysia, who will pay for all study materials and
procedures. All other s and procedures that are not required by the study but are part of your routine medical

care will have t id by you or your insurance. You will be given a goody bag and reimbursed RM20 for your
travel ex es and time spent for participating in this study.
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Tajuk Penyelidikan: Ethnicity-related gut microbiota involvement in the pathogenesis of type 2 diabetes mellitus
via alterations in metabolic regulators (Peranan mikrobiota usus mengikut kaum di dalam patogenesis penyakit
kencing manis)

Dengan menandatangani di bawah, saya mengesahkan bahawa :

o Saya telah diberi maklumat tentang penyelidikan di atas secara lisan dan bertulis dan saya telah membaca dan
memahami segala maklumat yang diberikan dalam risalah ini.

o Saya telah diberikan masa yang secukupnya untuk mempertimbangkan penyertaan saya dalam penyelidikan
ini dan telah diberi peluang untuk bertanyakan soalan dan semua persoalan saya telah dijawab dengan
sempurna dan memuaskan.

o Saya juga faham bahawa penyertaan saya adalah secara sukarela dan pada bila-bila masa saya bebas menarik
diri daripada penyelidikan ini tanpa harus memberi sebarang alasan dan ianya sama sekali tidak akan
menjejaskan rawatan perubatan saya pada masa akan datang. Saya tidak mengambil bahagian dalam mana-
mana penyelidikan lain pada masa ini. Saya juga memahami tentang risiko dan manfaat penyelidikan ini dan
saya secara sukarela memberi persetujuan untuk menyertai penyelidikan ini di bawah syarat-syarat yang
telah dinyatakan di atas. Saya faham saya harus mematuhi nasihat dan arahan yang berkaitan dengan
penyertaan saya dalam penyelidikan ini daripada doktor penyelidikan (penyelidik) .

e Saya faham bahawa kakitangan penyelidikan, pemantau dan juruaudit terlatih , pihak penaja atau

INFORMED CONSENT FOR \:
Title of Study: Ethnicity-relate obiota involvement in the pathogenesis of type 2 diabetes mellitus via

alterations in metabolic regu

By signing below I confirm lowing:
o | have been giVW written information for the above study and have read and understood the
n

information gi
o | have ha uﬁ&'ﬂwe to consider participation in the study and have had the opportunity to ask questions
jons have been answered satisfactorily.
hat'my participatieh is voluntary and I can at any time withdraw from the study without giving
his will in affect my future treatment. | am not taking part in any other research study
at this,time. | understand the isksé@vnefits, and | freely give my informed consent to participate under
ndifions stated. erstand, that I must follow the study doctor’s (investigator’s) instructions related
to My, participation in the study:

Werstahd.@m y stal ified monitors and auditors, the sponsor or its affiliates, and governmental
regulatory-authorities, thave direct access to my medical record in order to make sure that the study is

gabungannya, dan pihak berkuasa kerajaan atau undang-undang, mempunyai akses langsung dan boleh c\/conduct ctly and'the data are recorded correctly. All personal details will be treated as STRICTLY

menyemak laporan perubatan saya bagi memastikan penyelidikan ini dijalankan dengan betul dan da\

direkodkan dengan betul. Segala maklumat dan data peribadi akan dianggap sebagai SULIT.
o Saya telah menerima satu salinan ‘Risalah Maklumat Peserta” untuk dibawa pulang.

(*Potong mana yang tidak berkenaan) J P
% Subj

Subjek : \

Tandatangan: Nombor
K/P: ‘ :
Nama: Tarikh : \“ 4 40
ﬁstiqator conducting informed consent:

N |
& S
Q O Signature: I/C number:

Penvyelidik yang mengendalikan proses menandatangani borang keizinan: \ |
@
Tandatangan: Nombor K/P: Co ? ’ b"’
. ka Y
Nama: Tarikh : é
& f”)" '3
N

Saksi tidak-berpihak/adil: (Diperlukan; jika subjek adalah buta Mn kandungan risalah maklumat peserta
disampaikan secara lisan kepada subjek)

Tandatangan: Nombor KiR:

Nama: Tarikh 3

CON IAL
o Jwi a copy-ef this study information to bring home.
i Qéapplicable)
) &
&
Signa&ﬁm 1/C number:

e
[ @ Date:

Name: Date:

Impartial witness: (Required if subject is illiterate and contents of participant information sheet is orally
communicated to subject)

Signature: I/C number:

Name: Date:
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UNIVERSITI SAINS ISLAM MALAYSIA
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*SULIT*

]
*CONFIDENTIAL* 0
Soal Selidik

E ‘

Questionnaire \

Mikrobiota di dalam usus pada pelbagai kaum dan penglibatannya d%;'abetis I
lik

Melitus jenis 2 melalui perubahan pada pengatur metabo 4'1
l

via alterations in metabolic regulators.

N '?:
: Siva Gowirl Pathmanathal \(
X >

’
b4
<

Semua maklumat yang diberikan di sini adalah dirahsiakan dan hat &kaﬂ untuk tujuan akadeﬁﬁ&z?ahaja.
hﬁ

Ethnicity-related gut microbiota involvement in the pathogenesis of WB@betes i

Penyelidik Utama / Principal Investigator

Kejayaan kajian ini amat bergantung kepada kerjasama pihak tu dalam menjawab kesemua soalan yang
dikemukakan. Segala kerjasam yang tuan/puan berikan saya lui dengan ribuan terima kasih.

Your personal information given in this questionnaire is for re: pUrpose only. It will be kept strictly confidential. |
would be grateful if you could help me by col ting this questionnaire.
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(_;J

A - _ 3

[Seksyen A / Section A: Sosio%‘aﬁ / Sociodemography

i individu / Personal background information

Pilihan / Options

Maklum
Maklumat / Information

Nama / Name

T
Umur / Age V ’

tahun / years old

[Tarikh lahir / thh

(hh-bb-tttt) / (dd-mm-yyyy)

income

antina / Gen O Lelaki/ Male
" OO Perempuan / Female
Kaum / Ef Y ' O Melayu / Malay
O Cina/ Chinese
. O India/ Indian
\Y' O Lain-lain / Others,
' _i-) nyatakan / please state:
IAlamat rumali / Hof addres?‘
\ N
\,’ Ny N
‘ : No;l;elefo#’honeq:ﬁber
\ Alama“all / E@ ddress
lahir / My place of birth
e hir saya/ My p
de Iaiif:)h"i‘pa | Father’s place of birth
" pat lahir datuk (ayah kepada bapa)
randfather’s place of birth (father’s dad)
E\Tempat lahir nenek (ibu kepada bapa)
o~ Grandmother’s place of birth (father’s mom)
pat lahir ibu / Mother’s place of birth
Tempat lahir datuk (ayah kepada ibu)
Grandfather’s place of birth (father’s dad)
Tempat lahir nenek (emak kepada ibu)
Grandmother’s place of birth (father’s mom)
Status bekerja / Employment status O Kerajaan / Government
O Bukan kerajaan / Non-government
O Tidak bekerja / Unemployed
O Lain-lain / Others
nyatakan / please state:
Pendapatan isi rumah bulanan / Monthly household RM
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Seksyen B/ Section B: Sejarah kesihatan peribadi / Personal health history
No. | Maklumat/ Information Pilihan / Options
1. Adakah di kalangan ahli keluarga anda O Ya/ Yes (Jika Ya, sila
menghidapi penyakit Kencing Manis? / Is any nyatakan siapa / If Yes,
of your family members has or had diabetes? please state who):
(ibu/bapa/kakak/abang/
adik)
(mother/father/sister/br
other)
O Tidak / No
2. | Adakah anda merokok? / Are you smoking? O YalYes
O Tidak / No
O Ex-smoker / Bekas
perokok
3. Bilakah kali terakhir anda mengambil
antibiotik? / When was last you took
antibiotics?
4. Adakah anda seorang vegetarian? O Ya/Yes
Are you a vegetarian? O Tidak / No

S
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Seksyen C / Section G:

antropometri / Anthropometry measurement
(akan diisi oleh penyewik/ lin by researcher)

Bacaan /
Reading

(cm)

Pengukuran / Measurement
Berat / W?ight (kg)

L4 L d
| S
So Ian{a sini. @%a kasih atas penyertaan anda. The questions end here. Thank you for
i\ Ava participating.
\)
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Customer Details

2% 1st BASE

Next Generation Sequencing

Genomic DNA Quantification Report

¥
0
v~

Customer Name : Siva Gowri Pathmanathan
NGSID: 12470
Date of Submission : 28-Jun-21
Date Completed : 30-Jun-21
Sample Information
Nanodrop (water as blank) Fluorometric
Conc. Vol Total amount | Initial Conc. | Dilution | Final Conc. [ Total amount
No. SampleName | 0OD260/280| OD260/230 (ng/ul) (ul) (ug) (ng/ul) factor (ng/ul) (ug) Comment
1 [NM5813M49 1.939 1.395| 86.20] 10| 0.86| 73.54} 73.54 0.74 w owed smearing without intact band
2 |NM5173M30 1.922 1.695 181.45 10 1.81) 88.59 2] 177.1§ 1.77 gDl howed smearing without intact band
3 |NM5317M28 1.942 1.197| 78.25 11] 0.86 66.21] 66.21) 0.7 )A showed smearing without intact band
4 |NM5255M41 2.124 1.681 101.30 67| 6.79 30.05] 30.05 2.0 gDNA showed smearing without intact band
5 |NM5467M60 1.984 1.191 54.95 11] 0.60) 44.70| 44.7q 0.4 gDNA showed smearing without intact band
6 |NM5594F44 2.172 0.464 17.05| 40 0.68| 7.88] 7.89 0.3 gDNA showed smearing without intact band
7 |NM5306F36 1.939 1.419| 86.50] 12 1.04] 75.05] 75.05 0.99 gDNA showed smearing without intact band
8 |NM5250F52 1.937| 1.538| 94.60] 18] 1.70| 84.04] 84.04 1.59 gl'\lAs lowed smearing without intact band
9 |[NM5618F25 2.033 0.822] 21.45| 45| 0.97| 15.05 15.05 0.69 gl showed s g without intact band
10 |NM5282F52 2.587 0.301] 5.95 95| 0.57| 1.62] 1.62 0.1! gDl nd isible on agarose gel
11 |[NM5978F30 1.998 1.146 64.75| 10 0.65] 55.10] 55.1¢ 0.5! gDNA showet il ithoutintact band
12 |[NM5068F27 2.128 1.391] 78.30 14 1.10] 17.37| 17.37 0.24 gDNAs| d smearing wit] Ou%tact band
13 |NM6948F57 1.972 1.901 78.60] 10| 0.79| 65.91) 65.91) 0.6§ gDNAS&d smearing \yitM‘tac( band
14 |NM5176F63 2.255 1.020 15.45 42| 0.65] 6.11 6.1 0.24 gDNA showed s'earinamtintact band
15 |NM5378F56 2173 1.219) 52.05 15] 0.7§ 10.66} 10.6¢ 0.1 gD wed sl.ear%a'unncacc band
16 |NIS961M34 2.450 0.326 9.80 73| 0.72) 1.82] 1.82 0.13 gDNA band is not visible'on agarose gel
17 |NI5953M48 1.912 1.955 155.80 10 1.56| 76.36] 2] 152.72 1.53 gDNA'showed smemithout intact band
18 |[NI5745M29 2.350] 0.339 4.70] 30 0.14] 1.1 1.1¢ 0.03 NA band is not v‘ibie on agarose gel
19 |NI6077M50 1.940 1.900 92.05 10| 0.92 84.34| 84.34 0.84 gDNA showed sMng without intact band
20 |NI5216F46 1.921 1.928| 256.40| 10 2.56| 88.38] 3] 265.14 2.65 gDNAshow%ring without intact band
21 |NI5752F38 2.042 1.666 159.50 10 1.60| X 2] 80.1¢ 0.89 gDNASs| edwnearing without intact band
22 |NI7024F27 2.100| 0.923] 28.25| 34 0.96| 5 A 23.18 0.79 gDNA ed'smearing without intact band
23 |NI6152F30 2.112 0.954 18.80] 41 14.9¢ 0.61 ngﬂed smearing without intact band
24 |NI5424F30 3.122 0.287] 6.40| 100} 0.05 0.01) IgDNAEnd is not visible on agarose gel
25 |NI5706F31 2.356 0.276 6.95| 114} 1.3 0.14 ‘QNA band is not visible on agarose gel
26 |NI6078F53 2.875 0.238 0.0d 0.09 DNA band is not visible on agarose gel
27 |NI5974F39 2.678] 0.648| 4.59 0.39 gDNA showed smearing without intact band
28 |NI5018F41 2.073 0.957| - 23.69 0.81 gDNA showed smearing without intact band
29 |NI5958F48 1.942 1.477| - 80.8¢ 1.37 gDNA showed smearing without intact band
30 |NI5098F41 1.941 1.970 \ 110.44 1.1q gDNA showed smearing without intact band
31 |NC5251M48 2.029 1.175| 35.5¢ 1.03 gDNA showed smearing without intact band
32 |NC5170F42 2.073 1.606 35.6€ 0.82 gDNA showed smearing without intact band
33 |NC5672F60 2.253 0.456 3.04 0.2§ gDNA s insufficient for library preparation
34 |NC5270F48 2.234] 0.649] 0.68| 10.45| j 10.45 0.57 gDNA showed smearing without intact band
35 |NC5469F59 1.982 1.740| 0.74] "y, 63.54 63.54 0.7q gDNA showed smearing without intact band
36 |NC5242F69 2.333 0.422] 0.64] 9| 3.59 0.27 gDNA s insufficient for library preparation
37 |NC5862F64 2.170] 0.911] 0.80] h 17.84 0.79 gDNA showed smearing without intact band
38 |NC6056F58 1.926 1.784 0.99] 95.2 95.25 0.95
39 |NC5570F58 2.211 0.75] .01 16.01 0.64 gDNA showed smearing without intact band
40 |NC5902F67 1.979| 0.95] %97 e 51.97 0.89 gDNA showed smearing without intact band
41 |NC5076F72 2.787 0.70] .30 0.3¢ 0.03 gDNA band is not visible on agarose gel
42 |NC5494F70 1.954 1.06 98.99 98.99 0.99 gDNA showed smearing without intact band
43 |NC6006F38 1.976| 2.15] 85, a 171.82 1.72 gDNA showed smearing without intact band
44 |NC5092F30 1.949 1.25] 4] Q N 94.34 1.23 gDNA showed smearing without intact band
45 |NC5115F48 2.277 0.82] 1167 W 11.62 0.23 gDNA showed smearing without intact band
46 |NC5242F35 2.854 0.25] 0.4 LJ 0.4¢ 0.01) gDNA band is not visible on agarose gel
47 |DM5218F55 0.72] 23.3 23.33 0.64 gDNA showed smearing without intact band
48 |DM5128F57 0.95] o 1 81.11) 0.97] gDNA showed smearing without intact band
49 |DM5318F61 0.23] %} 8.29 0.19 gDNA showed smearing without intact band
50 |DM5396F69 2.07| ’\ .59 2 207.18 2.07 gDNA showed smearing without intact band
51 |DM5624F71 0.83] l 1‘0.00 0.0q 0.09 gDNA band is not visible on agarose gel
52 |DM5538F42 0.71] e 24.14 24.14 0.60 gDNA showed smearing without intact band
53 |DM5254F54 0.96] 34.75] 34.79 0.74 gDNA showed smearing without intact band
54 |DM5616F48 1.98 106.06 2| 212.12 2.12 gDNA showed smearing without intact band
55 |DMS5040F78 0.90] 44.24 44.24 0.89 gDNA showed smearing without intact band
0.47| 20.15] 20.15 0.39 gDNA showed smearing without intact band
0.61] 0.91] 0.9 0.19 gDNA band is not visible on agarose gel
1.37| 57.98] 2] 115.9¢ 1.28 gDNA showed smearing without intact band
2.21 72.63] 3] 217.89 2.19 gDNA showed smearing without intact band
X 0.69| 1.62 1.62 0.29 gDNA band is not visible on agarose gel
249.15| 4410 2.49| 77.68 3] 233.04 2.33 gDNA showed smearing without intact band
134.50 (A 1.35| 67.17) 2| 134.34 1.34 gDNA showed smearing without intact band
5.85] Ty, 123 0.72) 0.00} 0.0 0.0q gDNA band is not visible on agarose gel
Ty
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64 |DI5014F69 1.989 1.600] 71.70] 11] 0.79] 69.65] 69.65 0.77 gDNA showed smearing without intact band
65 |DIS008F72 2.321 1.006 15.55 52| 0.81 11.92] 11.92 0.62 gDNA showed smearing without intact band
66 |DI6086F61 4.826) 0.257| 5.55] 123 0.68] 0.00] 0.0q 0.0q gDNA band is not visible on agarose gel
67 |DI5442F67 1.923 1.861 229.25 10} 2.29 68.18 3 204.54 2.0§ gDNA showed smearing without intact band
68 |DIS642F49 1.993 1.174 75.75] 12] 0.91} 63.94 63.94 0.77 gDNA showed smearing witl
69 |DI7104F55 2.287 0.591] 14.75] 57| 0.84} 7.37] 7.37 0.42 gDNA showed smearing with
70 |DI6712F61 1.989 1.758, 72.50] 12] 0.87] 60.71f 60.71 0.73 gDNA showed smearifg withol tact band
71 |DIS076F57 1.965 1.788 92.25 11] 1.01 89.90 89.9q 0.99 i
72 |DI6228F45 2.047 1.363 26.30] 32 0.84} 24.90] 24.9q 0.8q
73 |DI5678F53 2.725 0.145] 9.40] 76| 0.71} 2.37| 2.37 0.1§
74 |DI5537M56 1.919 2.149 187.70 10| 1.88] 76.11f 2| 152.22 1.52
75 |DI5083M61 1.962 2.029 153.80 10| 1.54] 56.16 2| 112.32 1.12
76 |DI5191M69 2.932 0.225] 6.45 100 0.65| 0.00] 0.0q 0.0q
77 |DI5279M63 1.948 1.700] 108.60 10} 1.09| 85.81 85.81) 0.8§
78 |DI5013M57 2.034 1.310] 35.50] 22 0.78] 26.16 26.14 0.5§
79 |DI7061M61 1.972 1.565 52.75 14 0.74} 40.96 40.94 0.57
80 |DC5234F68 1.994 1.210] 35.20] 21 0.74] 30.81 30.81 0.6
81 |DC5196F70 2.064 0.525 11.35] 27 0.31} 5.00] 5.00 0.14
82 |DC5688F73 2.077 1.119 21.60] 37 0.80] 12.83] 12.83 0.47 d smearing without intact band
83 |DC5716F69 2.005 1.212 38.60] 22| 0.85] 23.84 23.84 0.5 DNA s ed smearing without intact band
84 |DC5146F64 2.250] 0.535 13.05 50 0.65] 5.61] 5.61 0,2q owed smearing without intact band
85 |DC5646F37 2.289 0.383] 13.05 50 0.65| 3.59 3.59 0.1 gDNA is insufficient for library preparation
86 |DC5890F64 1.948 1.985 183.10] 10} 1.83 69.29 2| 138.58 1.3 /A showed smearing without intact band
87 |DC5904F51 2.110] 0.875 23.10] 35 0.81 15.45 15.45 0.54 gDNA showed smearing without intact band
88 |DC5104F43 1.922 1.590] 151.75| 10 1.52f 74.39| 2| 148.79 1.49 gDNA showed smearing without intact band
89 |DC7272F54 2.471 0.279] 8.65 76| 0.66| 1.72] 1.72 0.13 gDNA band is not visible on agarose gel
90 |DC5917M66 3.059 0.416 5.20| 64 0.33] 0.45] 0.45 0.03 gDNl band is not visible on agarose gel
91 |DC5961M60 2.386) 0.321] 9.90| 64 0.63] 2.37| 2.37 0.194 NA is insufficie rlibrary preparation
92 |DC8059M57 1.958 1.478 74.10] 10| 0.74} 48.64) 48.64 0.49 gD howed ng without intact band
93 |DC5081M44 2.424 0.118| 10.30] 64 0.66 1.57] 1.57 0.1 gDN, d is not visible on agarose gel
94 |DC5787M66 2.119 1.265 54.15| 13 0.70] 17.53] 17.53 0.23 gDNA showe aringhwithouts t band
95 |PM5428F61 2.854 0.359] 5.85 123 0.72] 0.8 0.19 gDN dis not visible gn agarose gel
96 |PMS5050F65 2.049 1.712 111.05| 10} 1.11f 39.39 0.39 gDNA showed smearing hmﬁtact band
97 |PM5316F59 2.243 0.508| 8.30| 84 0.70] 2.22 0.19 gDNA isdnsufficient fo‘li;rar,preparation
98 |PI5092F61 1.958 1.885 115.05 10| 1.15] 76.14 0.7§ gD owed smeaWhout intact band
99 |PI5045M73 2.094 0.949] 28.90] 27 0.78] 13.89 0.39 gDNAshowed sm ‘nE without intact band
100 |PI5624F53 2.082 0.318] 18.95 40 0.76] 6.04 0.24 gDNA showed smeatihg without intact band
101 |PC5652F51 2.153 0.608| 64.15 12] 0.77| 10.25 0.12 A showe aring without intact band
102 |NDM5966F65 2.303 1.629 43.75] 10} 0.44] 8.13 0.09 gDNA showe_z__king without intact band
103 |NDM5262F61 2.371 0.728] 14.70] 100} 1.47| 1.57 0.14 gDN, banWt visible on agarose gel
104 |NDM5335M48 4.032] 0.352] 6.25| 107 0.67| 0.09 0.0q gDN&\ not visible on agarose gel
105 |NDI5556F43 2.079 1.208 35.65 23] 0.82} 21.14 0.49 gDl %/e smearing without intact band
106 |NDI5452F59 2.160] 0.526 8.75| 80 0.70] 2.47 0.29 gDNATsinsufficient for library preparation
107 |NDI6091M41 2.110] 2.004 181.75| 10| 1.82 36.14 0.34 @Mshowed smearing without intact band
108 [NDC5896F60 2.242 0.810 13.45 53| 0.71] 5.40 0.29 showed smearing without intact band
109 |NDC5658F67 1.967 1.782 89.70] 10} 0.90] 6| 56.24 0.54 gDNA showed smearing without intact band
110 |NDC5193M58 1.912 1.755 177.30] 10} 1.77] 63.84 2] 127.68 1.29 A showed smearing without intact band
111 |Water_1 0.080] 0.034 0.00| 100} 0,00| 0.00] \ 0.0q 0.0q gDNA band is not visible on agarose gel
112 |Water_2 4.818 0.123 2.65] 100} 0.27] 0.06’\ Ty 0.0d 0.0d gDNA band is not visible on agarose gel
[ ~ N T A
DNA Samples QC Criteria
. _Amount (Qubit@) ) Bas
Library Type ‘ Sample Type Strongly Required | Yolume | Concentration (oD igarose g6
| Recommended
ey ‘ Gonomic DNA ey | satong | ZR0NL [ ST | i mascametnion
1. Strongly *: In case unf {lib prep failure, low quality, low amount, etc), the double amount requirements are highty

recommended 1o avoid potential sample re-sending
2. Required”: Samples amount required for one time library preparation
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5
“501st BASE

[ ——— — = —]

CiNo. BIO-5140

ExactMark 1kb

DNA ladder

(250 — 10,000 bp)
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Aliquots of 1 ul gDNA were run on 1%
M50 is positive control (Bacterial gDNA tel

This report shall not be reprodu: em
attachment is confidential to the kecipi ly.

& A

Rep[l

i
>
S

hout apgbval ofghe laborato Therel;ltrepced
En&

@
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only to the test item received and tested in-house. The content of this report and any of the




APPENDIX F

'%' 1st BASE

www.base-asia.com

Customer Details
Customer Name :
NGSID:

Date of Submission :
Date Completed :

Sample Information

Next Generation Sequencing

PCR to QC Genomic DNA Report

Siva Gowri Pathmanathan
12470-Part 2

16-Jul-21

23-Jul-21

No. | Lane SampleName 16S gene (V3-V4) QC PCR Results
1 1 [NM5813M49 PASS
2 2 [Nm5173M30 PASS
3 3 [Nm5317m28 PASS
5 4 [NM5467M60 PASS
6 5 [NM5594F44 PASS
7 6 [NM5306F36 PASS
8 7 _[Nm5250F52 PASS
9 8 [Nms618F25 PASS
10 | 9 [Nm5282F52 PASS
11 [ 10 [NM5978F30 PASS
12 | 11 [NMS5068F27 PASS
13 | 12 [NM6948F57 PASS
14 | 13 [NM5176F63 PASS
15 | 14 [NM5378F56 PASS
16 | 15 [NI5961M34 PASS ’
17 [ 16 [NI5953M48 PASS
19 | 17 [NI6077M50 PASS \
20 | 18 [NI5216F46 PASS
21 | 19 |NI575238 PASS ‘_N 0‘
22 | 20 [Ni7024F27 PASS
23 | 21 [NI6152F30 PASS
24 | 22 [NI5424F30 PASS
26 | 23 [NI6078F53 PASS
27 | 24 [NI5974F39 PASS
28 | 25 [NI5018F41
29 | 26 [NI5958F48
30 [ 27 [NI5098F41
31 | 28 [NC5251M48
32 | 29 [NC5170F42
33 | 30 [NC5672F60
34 | 31 [NC5270F48
35 | 32 |NC5469F59
36 | 33 [NC5242F69
37 | 34 [NC5862F64
39 | 35 [NC5570F58
40 | 36 |NC5902F67
42 | 37 [NC5494F70
43 | 38 |NC6006F38
44 | 39 [NC5092F30
45 | 40 [NC5115F48
46 | 41 [NC5242F35
47 | 42 |pms2 18F5§
48 | 43 [pms12 SS
49 | 44 |DM5318F61 S
50 | 45 [DM5396 [ | PA &z T
51 [ 46
52 [ a7
53
54
55
56
57,
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58 53 [DM5704F35 PASS
59 54 [DM5949M42 PASS
60 55 |DM5031M67 PASS
61 56 [(DM5127M54 PASS
62 57 |DM5003M61 PASS
63 58 [DM5189M46 PASS
64 59 [DI5014F69 PASS \
65 60 [DI5008F72 PASS
66 61 |[DI6086F61 PASS
67 62 |DI5442F67 PASS
68 63 |[DI5642F49 PASS
69 64 |DI7104F55 PASS
70 65 |[DI6712F61 PASS
71 66 |[DI5076F57 PASS
72 67 |[DI6228FA5 PASS
73 68 |DI5678F53 PASS
74 69 [DI5537M56 PASS
75 70 |DI5083M61 PASS
76 71 [DI5191M69 PASS
77 72 |DI5279M63 PASS
78 73 [DI5013M57 PASS
79 74 [DI7061M61 PASS '

80 | 75 |DC5234F68 PASS
82 | 76 |DC5688F73 PASS

83 | 77 |DC5716F69 PASS

84 | 78 |DC5146F64 PASS @

86 | 79 |DC5890F64 PASS \Y..
88 | 80 |DC5104F43 PASS ' C—)
89 | 81 |DC7272F54 PASS *

90 | 82 [DC5917M66 PASS

91 | 83 |DC5961M60 PASS f Y'

92 | 84 |DC8059MS7 PASS \ \)

93 85 [DC5081M44 PASS

95 86 |PM5428F61 PASS

96 87 [PM5050F65 PASS

97 88 |PM5316F59 PASS

98 89 [PI5092F61 PASS k
99 90 |PI5045M73 PASS

100 91 ([PI5624F53 PASS

101 92 |PC5652F51 PASS

103 93 [NDM5262F61 \ ‘k

104 94 |NDM5335M48 &

105 95 |NDIS556F43
106 96 |NDIS5452F59
107 97 |NDI6091M41
108 98 [NDC5896F60 P.
109 99 [NDC5658F67
110 | 100 |NDC5193M58

P
111 | 101 |Water 1 Aw .
X

ARN;
Pass : The sample is qualified ibrary construgtion.
Hold : The sample does not totally meet requirements'b pro!ed%plicon library construction at risk.
Failure of amplicon library censtruction incur M rge. b
Fail : Itis highly recommei to
purify enomic DNA to remo impuritie@ate charge

1) Additi
OR
2) Re%e

w
/1/6;

&
N
S
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Agarose Quantification

“is1st BASE
(X -]

CINo. BIO-5130
ExactMark 100bp
DNA ladder

(100 — 1,500 bp)

. ——— — — —— — ——— — iﬁ)
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APPENDIX F

Aliquots of 3 ul of PCR product was run on 1.7% TAE agarose gel at 100V, 65 min.
“-ve” is no-template control (water to replace DNA template).

“+ve” is positive control ( gDNA template, 10 ng, according to fluorometric quanti
Atotal 1 ul of gDNA template was used in one 25 ul PCR reaction.

This report shall not be reproduced except in full without approval of the laboratory? esultreported relates only t
this report and any of the attachment is confidential to the recipient only. \
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APPENDIX G

Clinical Parameters In Diabetic And Non-Diabetic Patients: A Case-Control
Study At A Health Clinic In Klang Valley
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Introduction q
Type-2 diabetes mellitus (T2DM) is prevalent in Malays ften Pssociated with

deranged biochemical profile. \d
Objective(s) ®

This study aimed to compare the sociodemographi biochemical of’lz@veen
T2DM and non-diabetic patients at a health cli lang Valley. This iSY' of an
: %

ongoing research studying the gut microbiota iq*olve ntin 72
mbeﬂ&) and August

contrels were from the
outpatient department with normal ere subjected to

anthropometry and biochemical investigations,ineludi in biood glucose (FBG),
serum lipids, liver function tests (I’.&jnd renal rw ,\
& S

2020. Cases were randomly selecte

Methodology
This is an unmatched case control study tw betw

Results q Qt.

A total of 49 T2DM cases non-di ntrolhgpaf icipated in the study. The
gender and ethnicity distributions we |ficam\et BMI was slightly higher in
T2DM [OR (95%CI) = 1. 01-1.19)]. Asexpecte FBG was significantly higher
among T2DM patiehts (9.35 + 3.34 mmal/L) v -diabetic patients (5.18 + 0.43
mmol/L) [OR (95%CPI= %15 (3.1 . Jriglyceride (TG) was markedly higher in
T2DM patients [OR (959 - -5.80)], with no significant difference on other
lipid profile. %atien S ignific altered LFT with higher alkaline
phosphatase ( [ ( 1.02£(1:02-1.05)] and alanine aminotransferase

R
(ALT) [OR % = 1.048°. 07)].@atinine was similar in both groups however
urea was % T2DM [QR)(95%C1)5= 1.34 (1.04-1.72)] with lower chloride [OR

(95%Cl),= 0.831(0.7140.97)].
_ &
Cong¢lusiongs) 7 é\
T ents demo tral{d biochemical profile in particular higher TG, ALP,

alt
LT urea and lower chloride g;xd depicting pathophysiological changes in the disease.
r or not these alterations are mediated by gut microbiota is subjected to further
ies. This study was funded by the Fundamental Research Grant Scheme from the
inistry of Education, Malaysia (FRGS/1/2018/SKK08/USIM/02/1).

ywords
iabetes, sociodemographic, biochemical profile, serum biomarkers, microbiota
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16-17th December 2020

171



APPENDIX H

The profiling of gut microbiota composition in healthy i Is is important to identify compositional ch or dysbiosis that occurs in a disease state. Ethnicity
is found to be one of the factors influencing the microt mposition of people in a given geographical region’. Understanding specific microbiota profiles by
ethnicity could assist with microbiota-based disease prevention and management. Thus, this study aimed to compare gut microbiota composition in in healthy adults
of the three major Malaysian ethnic groups (Malay, Chinese and Indians) residing in Klang Valley, Malaysia.

. A total of 45 Malaysian adults with 15 participants of each Malay, Chinese and Indian ethnic
groups were enrolled in the study. The mean age was 45.1 + 12.8 years.
. Between the ethnic groups, higher age and weight was found in Chinese and Indian ethnic
groups, respectively (Table 1).
=

==
acteristics of Study Participants, n=45.

Age (years) 33+ 13.22 52.87=12.64 39.00 + 8.59

Gender

(male/female)* 5/10 /14 4/11
Height (m) 1.59+0.11 1.57=0.07 1.65=0.10
‘Weight (kg) 66.10+11.97 60.13=11.10 75.80=16.25

BMI (kg/m?) 25. 99 = 2 60 24.31 +4.50 28.12 2 6.65

continuous variables

Weight: Clume\sl.ndun p

[PERMANOVA] F-valuc: 1.177; Resquared-0.054; p-valuc: 0.077

i

e
88

cLass
#3 CHINESE
INDIAN

PC2 (6.6%)

B MALAY

-
:
(3

1. In the present study, the dominant phyla found among

the three ethnic groups were Firrmicutes, Bacteroidetes, &&5’ & &

Actinobacteria and Proteob ia, with >90% of the Figure 1 Alpba diversity. with Shannon Figure 2 Principal Coordinate Analysis (PCoA) based on
total gut bacteria rep d by Firmi and index n=d4. Bray-Curtis Dissimilarity Matrix, n=44.
Bacteroidetes. This is in accordance with past reported

studies?. . Overall, 12 phyla and 237 genera were identified across all samples.

oo

. The dominant phyla across all samples were Firmi (73.75%), B idetes (21.17%),
Actinobacteria (2.35%) and Proteobacteria (1.61%) (Figure 3A). No significant differences in
bacterial phyla abundances were found between the ethnic groups.

6. The top six genera were Faecalibacterium (12.77%), Blautia (12.35%), Bacteroides (11.23%),

2. No significant differences were noted in diversity and
gut microbial abundance between the ethnic groups.

S 5 S P Ila (7.88%), Agathob (4.04%) and Eubacterium (3.92%) (Figure 3B).
:m?;elz;:;ﬁi ﬂ;:tg:: s;mégoiu“:;o;::::;yn 2 ml th: 7. Genus Bacteroides which was found to be higher among Chinese participants lost its
et i N e significance after adjustment for multiple comparisons (FDR>0.05). ‘
differences. A. BACTERIAL PHYLA ABUNDANCES, N=45 B. BACTERIAL GENERA ABUNDANCES, N=45

i

4. This could be contributed by similarities in dietary m'. r——
intake and lifestyle factors between the ethnic groups as P Fmicnles Bacteroides e
Malaysians are exposed to and share different ethnic- Provoulls e
specific cultures and food. ‘Bubacteriom [
Ruminococcus I
” . . p_Bacteroidetes ‘Megamonss  SE—
5. The l.ack of differences in bacterial abundz_mce between Pmicstmmbacter IR
the ethnic groups may have also been contributed by the Subdoligranulum S
small number of samples. Hence, larger studies are Roschuria B LEGEND
o Megasphaers T = Malay
required to identify and comp ition /= | l [Sg— « Chinese
between different communities and regions in Mnlnysm Anacrostipes I = Indisn
Lactobacillus B
Catenibacterium ST
ACKNOWLEDGEMENTS p_Protoobacteria r Coprococcus T
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