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51 Introduction

This chapter discusses the findings of this stu & 'gut microbiota

composition in different ethnic groups in nonDM wer ssed s is followed by

a discussion of the diversity and gut microbiota camposition Betwe on@;zcind
T2DM groups by ethnicity as well as the assomatl(ﬁt mﬁrjt ttv_e\cllnical
characteristics of all study participants are @d' \he syst Rbc,rewew of
available literature on the gut mlcr@mposr

discussed c T
[
Q-
&
5.2 Discussion of Stud %&s ¥ \A

This is the fir%/ to ha ij}eld gut microbiota composition of
three ethnic groups (Malay, Chinese and

nonDM and TZDKN%dualslfro

Indian) residi he'Same

ml@?on in Malaysia. The T2DM participants

e D G
in this stud n|f| h h er e BMI and FPG in comparison to the nonDM
part|C| mllar' es ha?ﬂé\ ndicated altered clinical characteristics in

part s with T2DM Wh@}c'ompared with healthy controls, especially with
%ﬁ d age (Lé et al., 2012; Salamon et al., 2018; Wang et al., 2020), BMI and
aemic profile (FPG and HbAlc) (Ahmad et al., 2020; Doumatey et al., 2020;
assatoui et al., 2019; Li et al., 2020a; Navab-Moghadam et al., 2017; Salamon et al.,

2018; Wang et al., 2020).



5.2.1 Gut Microbiota Composition in NonDM

The first aim of this study is to characterize and compare the gut rgic\rgiota
composition of healthy adults of the three major Malaysian ethnic grsh alpha

diversity analysis, the measure of evenness or distribution of species abundance in a
sample using Pielou’s evenness index found that all three ethnic gr ps in nonDM

exhibited evenness closer to 1 than to zero. This indicates t bacterial species
found in each ethnic group have similar abundance. E\@ ‘se ethnic group
had a subtly, but significantly lower abundance of bacteria fiscom aMAaI%and

Indian ethnic groups (p=0.015). Meanwhile, all %of beta di |t! sﬁoﬂ@ed no
b o

significant difference. This suggests that a mmut a structure is seen

between ethnic groups in nonDM. c\) 0\ é

Overall, the dominant phylz %m ici_&% were Firmicutes
(73.75%), Bacteroidetes (21.1 tlrw cteri

2. 35:0)5) and Proteobacteria
(1.61%). These are the com eporte predgéﬁﬁant phyla where a stable

relative abundance of ~ %mlcute ~25 a@jetes ~5% Actinobacteria and
eria

up to ~8% Proteobact |Uft&ﬂ}m a healthy human gut (Candela et

, 2012). How p st dle eport n inconsistent trend in the relative
N
abundance of e minant p (..)(J

%y g alt y ts (N=193) aged 41-67.6 years from Nigeria

(Do@ al., 2020), an mcr@jgeed abundance of Firmicutes (80.07%) was followed

inobacteria (14.80%) mstead of Bacteroidetes (0.30%) while healthy adults

5), aged 42 to 69 years from the USA (Lambeth et al., 2015) exhibited an increased
u

ndance of Bacteroidetes (55.0%) than Firmicutes (38.2%). Meanwhile, one study

among healthy adults (N=20) aged 25-55 years, belonging to the Punjabi ethnic group
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from Pakistan observed the increased abundance of Firmicutes (36.9%) and
Bacteroidetes (32.1%) was followed by the markedly increased abunda?!ﬂ
Proteobacteria (15.8%) (Ahmad et al., 2020). This varying gut microbiot@ance
and composition found among healthy populations is probably due t-specific
factors, i.e. host ancestry, lifestyle, diet, geographical factors and emy (Gupta et
al., 2017). Each factor may shape the gut microbiota profile over timexthus contributing
to the inter-individual dissimilarities of gut microbiota ab mc‘ composition in

a community (Candela et al., 2012).

.\d,
N4
In the present study, no significant differ t microbi co’npb‘éaion at
4 b %

the phylum and genus levels were found betw?ﬂ thrk&th grou&}among the
nonDM participants. This could be a reflcw the msi ificant diversity analyses

that he

t

2

adult@iding in a similar
A

geographical region shared the s %micr \rxll .J/Q\suppm*t of this study’s
0 5
K

findings, in one Malaysian sK Ocl‘sa)jﬁlysed the gut microbiota

composition of healthy chi etwe'n theyage of@o 12 years old found in three
ik

cities. The Malay chilo%m Pen?&) 32/ elantan (N=33) were compared

with Southern H@'ﬂoese ghi from%(hjamg (N=21), Kelantan (N=45) and

Guangzhou C|E~h\Chm (l;I:

that were li

among ethnic groups in nonDM which

hine et al

a

; t,waaggund that, regardless of ethnicity, children
an .@.y had no significant differences in their gut
microhi compositio hi's s@ts that they could be sharing a similar gut

- - . N -y . - - - - - -
ml\ composition as coé)ﬁumtles living in a similar region tend to have an

‘%9 in dietary practices (Khine et al., 2019). Hence, dietary patterns seen in a

Oticular region may well be an important determinant factor in shaping the gut

microbiota composition of different communities.
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Besides that, in another Malaysian study led by Dwiyanto and team analysed
the gut microbiota composition of four major ethnic groups (Malay, N=46, C
N=65, Indian, N=49 and Jakun, N=54) residing in sub-districts in Segam@anto
etal., 2021). A total of 39 lifestyle factors, categorized into either dem ic, dietary
behaviour, hygiene practices or health conditions were recordecRoTn the study

participants in this study. In the PERMANOVA analysis, et nMas found to be

significantly associated with the gut microbiota changes an ited Te largest effect

ignifi aaned even
"X
after adjusting for demographic covariates (age, BMI, income, oc a’io d the

inclusion of additional factors, i.e., household ng good Wa rce@?ed meat
emographi

consumption. Meanwhile, when associatingw tetary, béx or hygiene
index with gut microbiota compositiwahnic variati ass@ﬁed with hygiene

index was seen between Indian — V\@jand Ja%\l%i
Indian ethnic groups each ha%sed %bun ee o classified Clostridiales.
m |

m &
Klebsiella quasipneumoni n ifidI) e 0 *Em respectively. This shows
that the significance o%l on g; micr; k}i&t@hposition was likely contributed

&
I grog(JDleanto etal., 2021).
&

groups, Jairret al.{(2018) analys
studen hina gn did, ages-22 to 35 and studying in Singapore for the past 1

N
to %While each ethnic as found to be similarly diverse, the beta diversity

‘@ reveal that both groups have significantly different gut microbiota composition.

0& dominant phyla found in both groups were Firmicutes, Actinobacteria,

Bacteroidetes, and Proteobacteria where a non-significant increase of Firmicutes

size in comparison to the other factors investigated. Th

)ﬂQ&ere Malay, Jakun and
N,

s

(68.08%) and Actinobacteria (25.48%) was found in Chinese when compared to the
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Indians (60.5% and 20.57%, respectively). Significant increases in the abundance of
Bacteroidetes (16.39%) and Cyanobacteria (0.22%) were found among Ind?"m
comparison to the Chinese ethnic group (4.27% and 0.12%, respectively@ al.,
2018). At the genus level, the relative abundance of genera Prevotella,'!xgasphaera,
Catenibacterium, Lactobacillus, Mitsuokella, Carnobacterium and Wspira were
significantly increased while Bifidobacterium and Blautia wer sNantly decreased
among the Indians when compared to the Chinese ethnic g ?n.et

FI., 2018). Even

though residing in a similar region, the ethnic-specific intak aWinese and
3
"y
among bo rtjupl{éam et
n % reseqtyt'udy also
cteniium, evoteuga;:tobacillus,

Megasphaera and Catenibacterium ng Jdndian partiei ant@«en compared to

Indians was related to the variation of gut bacteria f

al., 2018). Similar to the Malaysian and the Si

noted a trend towards higher abundances of Bifid

Chinese (as well as Malay) participﬁ%—(oweve ' were 'o\significant findings.
& >
Hence, all three studie in et al2018)J Khin 1.(2019) and Dwiyanto et

R

al. (2021) had reported varyw micrfobio mp@on among healthy adults from

(
different ethnic group ing in & simi r‘ﬁg@phical region. Moreover, these

differences in gut micrebiota cbmp ition we@:-mostly associated with the diet intake

@I, income, occupation, health condition,

)

and other life actors, i.e ,
¢
hygiene indéx of the respectiye thn@oups residing in the respective area of study

(Chon % 015; 15 no et @OM). This could probably be related to the gut
. h N

i composition of ht&'t’ny Malay, Chinese and Indian participants in the

ml\
‘%& study. All study participants recruited were residing in the same urban region

Oder Ampang Jaya municipality in Selangor and likely consumed similar food types

with similar environmental exposure or lifestyle practices. Since the lifestyle or other

$ex

environmental factors of the ethnic groups in this study were not enumerated (as these
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were beyond the scope of the present study), no link between these factors with gut

microbiota changes could be established. Furthermore, the sample size is a Iin?!m

of this study. This could be another possible reason for the differential abur@eing

insignificant between the ethnic groups, although a higher or lower t as noted.

Thus, further studies with larger sample sizes are needed to unde&rﬁthe role of

ethnic-associated environmental factors, including diet and raphy on gut
. 5

microbiota composition among healthy individuals in t ethnic groups in

Malaysia. .\d
oy
5.2.2 Gut Microbiota Composition in T2DMWhen

ed to NoRDM
The gut microbiota compositio @ parti was Q%to be altered
when compared to the nonDM gr up&irsl alpz 've&tcy>was significantly
decreased in the T2DM group W‘r@areﬂ %ﬁ] M@Sup. This was also noted
I

9 Q—
specifically among the MaIN ndian g&ﬁp’s in comparison to their
N

respective nonDM healthy (Ws. A decre efn@diversity i.e. a decrease in the
iota

diversity of gut microb ong% egréps generally indicates an underlying

disease state (M@al., IJZO) hile ncreasing severity of gut microbiota
s by
dysbiosis has@B ociated wi ‘dfseﬁééverity and development of complications
¢

(latcu et Qﬂ).’St die?o gutomicrobiota in nonalcoholic fatty liver disease

(Mouii ., 2013), ardi'gv@r diseases (Jie et al., 2017), inflammatory bowel
(

d'sﬁg{

, Wang et al., 2012a) have all reported a less diverse gut microbial composition in

oossens et al., 2011;}forgan et al., 2012) and colorectal cancer (Chen et al.,

disease groups in comparison to healthy controls. Secondly, a significant association

of beta diversity with diabetes status noted in this study suggests that the gut microbiota
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composition between nonDM and T2DM groups is influenced by the diabetes status of
the study participants. Moreover, the PCoA analysis revealed a clear separatiorwgu\
bacteria found between nonDM and T2DM groups indicating a diﬁer@}f gut
microbiota structure in both groups. These findings were reflected am DM and
T2DM of Malay and Indian ethnic groups, suggesting that both emroups with

T2DM have a different gut microbiota structure compared to iheir pective healthy
nonDM groups. '

The dominant phyla found among nonDM and™2 arti ants‘zuere

DM p
g N
Firmicutes (73.75%, 67.97%), Bacteroidetes 117%, 22.02% r teééacteria
_ _ 4 b ¥
(1.61%, 7.32%) and Actinobacteria (2.35%,?/0). “SK y fq\,?_»d that the

significant increase in phylum Proteobaew*nong ar ants‘ﬁ T2DM was
s Es

primarily represented by an increase i

present at a low detection level, t Sy@?e %gound to be significantly
@

increased in terms of both pre& e as well_as ablindan T2DM participants.

R\

N
Proteobacteria is a errlal ph’lum r]sis@f mainly pathogenic members
and a

including Escherichia igell{ are'af/ten found to be increased in disease

(Rizzatti et al., 20@ stu@ also Q@%rved an increased abundance of Gram-

£ »
negative Prol@% ria jamon ?JM @%‘ﬁcipants. In a study conducted in China,
Wang et El%m fo;n tha I\@ﬁcipams (N=134) had an increased abundance

of m eria alon Wifﬂ ilci%'ased Actinobacteria and F/B ratio as well as a
se

&
d:&q& abundance of Baca’oidetes than the control group (N=37). They also

d that at the genus level, genera Escherichia-Shigella (phylum Proteobacteria),

Oidobacteria (phylum Actinobacteria), Faecalibacterium and Lactobacillus (both of

phylum Firmicutes) were increased while genera Prevotella (phylum Bacteroidetes)

104



and Roseburia (phylum Firmicutes) were decreased among T2DM participants in
comparison to the control groups (Wang et al., 2020). In another study, Pushpw
and their team from India found that when T2DM participants (N=17) we@ared
with nonDMs (N=13), an increase in genera Escherichia and Lactobad'lNas found
(Pushpanathan et al., 2016). The same study also reported that the abundances of genera
belonging to phylum Firmicutes, namely Faecalibacterium, acterium and
Clostridium as well as Bifidobacterium of phylum Actinob xZPM participants
were decreased than the nonDM group (Pushpanathan e 2016). Mdings are

X
comparable to the present study whereby T2DM part ts hadfa hi rlr(@f F/B

ratio and genus Lactobacillus as well as a lo d % aeca@cterium,
. by

Eubacterium, Roseburia and Bifidobacterhw h ug\h these we@ﬂ statistically
insignificant. \) é

A
In studies on germ-free mi % hu \'exs, ar increased abundance of
& YA
Gram-negative bacteria, esp& thosﬂing t&(& phylum Proteobacteria
resulted in the occurrence o?«bolic’endo xemia @k precedes the development of
(
obesity and insulin r%ce (Mgg e }I.% 0). Metabolic endotoxemia is

characterised by in€re Ievdls o\opolysé&:ﬁaride (LPS), an endotoxin found in
&
the outer mem No am- ve b@a (Vallianou et al., 2018). LPS influences
% '
the signall@ ay via Toll-like re.ép(or 4 (TLR4) on macrophages and triggers the

innate i response ease-secretion of pro-inflammatory molecules, i.e. TNF-

N
IL-6 in the body (I\ﬂ&?ammad etal., 2021). The pro-inflammatory cytokine,
-a was found to mediate insulin resistance by deactivating the insulin receptors

muscle and fat tissues and impairing B-cell function (Cani et al., 2007). Hence,
measuring the levels of pro-inflammatory markers such LPS, LBP, CRP and

interleukins could determine the occurrence of metabolic endotoxemia with diabetes in
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body. Both CRP and LBP are acute-phase proteins synthesized in the liver and are used
as inflammatory markers (Gomes et al., 2017; Wang et al., 2012b). Thisisan in

that metabolic endotoxemia-induced inflammation directly causes insulin e.

Furthermore, the increase in the genus Escherichia-Shigella is considered an

important cause of mortality and morbidity in T2DM as it direcly\in,;ases invasive

infections among diabetics (Graff et al., 2002). This is probal to lower cellular

DM patients which

exacerbate microbial pathogenicity that contributes to sy ic nfMMaq?cki-
N

Todorovi¢ et al.,, 2018). Moreover, the incre risk of compli atlt)néi?ue to

Escherichia and other Enterobacteriaceae have?ﬂ!bser’ve% g participants with

T2DM (Thomsen et al., 2005). c\/ Q

immune function seen with increased blood glucose leve

—X

&
Although the LPS from G Maﬁv ac hag\%;:n related to the

A
occurrence of metabolic endotoxe%’ ! r enheV%& has foIgnd that a distinct type of

9 %

LPS is produced by differen% negati eria&’m‘lé et al., 2021). The pro-
N

inflammatory subtype LIWJced y Pr e?ba a has higher endotoxic activity

than that of the LPS induced’by tw urfd roup of Gram-negative in the gut,
i

Bacteroidetes t@imr@bitory@lctions and prevents inflammation
N

(d'Hennezel e@&?). en%tjbhorﬁgﬁu group of bacteria in the gut, the increase
r%t) te

in the ab f P;o ob ac be a result of the decrease in either of the two
most %t gut bac rial’phﬂ/X'Firmicutes or Bacteroidetes, thus increasing the
prcﬁuc\tion of pro-inflammato&ubtype of LPS (Magne et al., 2020). Moreover, gut

sis seen with the alterations to the abundance of the Firmicutes and

@cteroidetes, as well as the increase or decrease of the F/B ratio are often linked with

several diseases. Few studies have related the increased abundance of Firmicutes or an
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increased F/B ratio with the development of obesity (Magne et al., 2020). This is
because, in comparison to Bacteroidetes, Firmicutes are more efficient in har?'ng
energy from food that will be absorbed in the gut circulation into the bod@]ally
increasing the body calories intake resulting in obesity (Magne et aI.,?& Obesity,
a significant risk factor for T2DM, is also characterised by the appearaY(?of low-grade
inflammation that is seen present before the onset of insulin SM (Magne et al.,
2020). Therefore, it could be said that an increase in the al &e.o Proteobacteria

could serve as an important indicator of gut dysbiosis t rece swrrence of

@

Y-.
low-grade inflammation, a characteristic feature f@besity nd T DM _S
The significant increase in prevalenc?ﬂ'rela danq\%_ phylum

Synergistetes found among T2DM partici Whls study es WI‘H\.S?aSt studies. In

a study in the USA, Lambeth et al. m und a SI fican@crease of phylum
A

Synergistetes among T2DM partici a@o the healthy controls

(N=15) that was lost after a uStment ng Howeyver, in another USA study,

Maskarinec et al. (2021) fo?wat the incn

T2DM participants ( in coan rs Q/e controls (N=735) was inversely

related with TZD% Ond stu

15 phyla pre among t

ance of Synergistetes among

by Nul.%t al. (2019) in China found that out of
tjcipa)ﬁ@ with T2DM (N=20), impaired glucose
tolerance 0 ma ose lﬁlgrance (N=20), phylum Synergistetes was one
of the hylat at ﬂ\/el related with FPG and the intake of cholesterol,

Vlt icotinic acid) and nh&é’ral (selenium). In another study by Das et al. (2021)

‘@a the abundance of phylum Synergistetes was slightly increased in both T2DM

Otlmpams with (N=28) and without (N=25) diabetic retinopathy in comparison to the

healthy controls (N=30). Although consistently found among T2DM participants and

107



had been related to glycaemic parameters as well as T2DM status, the relevance of this

low-abundant bacteria to T2DM development is still unclear. Y-

On the other hand, T2DM participants in this study had a significant reased
relative abundance of the genus Fusicatenibacter. Also, the mgmﬁc%ecreased
prevalence and relative abundance of genus Anaerostipes as @ decreased
prevalence of genus Clostridium were noted in T2DM p nts. The genera

Fusicatenibacter, Anaerostipes and Clostridium belong to Fllmlcutes and are

016; Takada et al. 3) %wrt-
and propion arla Aec?abollc

known SCFA producers in the colon (Riviére et al.,

chain fatty acids (SCFA) such as butyrate, a
products of microbial fibre fermentation in the nd are.fo oe "rv eneficial
effects on human metabolism and the im Wtem i 201§\T raditionally,
SCFAs from biological samples could i S chr(@tography (Kim et

al., 2022; Zhao et al., 2006; Zhen e(aozo

for absolute quantification of with @id chromatography mass

spectrometry was develope netal., .
N
Most butyrate-pro ers ﬁ@m Firmicutes and protect against

inflammation by@ pr -iLfIa atory% okines production, maintaining the gut

epithelium |n s wellk as r)ahg ﬁr-b(Vmportant role in blood glucose and lipid

regulation t aI, urt ore the decreased abundance of butyrate-
o'
produ g teria are erved wWarlous studies on T2DM (Doumatey et al., 2020;

\,
et al., 2010; Navab-Mo}ladam etal., 2017; Qin et al., 2012). There is evidence
FAs butyrate, propionate and acetate protect against diet-induced obesity and

rove metabolic functionsin T2DM (Linetal., 2012). Remely et al. (2014) suggested

that gut microbiota dysbiosis alters SCFA production with different signalling

108



pathways. Consequently, this affects the epigenetic regulation of genes modulating

insulin resistance and inflammatory reactions seen in T2DM . Y-
Past studies had also reported a decrease in genera An as&@s and
a, Sa

Clostridium in T2DM. In studies by Doumatey et al. (2020) in Nigerl on et al.
(2018) in Poland and Diener et al. (2021) in Mexico, genus Ana ost was noted to
be significantly decreased among T2DM participants (N=9 3 and N=65) in
comparison to their respective healthy controls (N= 2# and N=214,
respectively). The study by Diener and team also found th grad acre

abundance of genus Anaerostipes from healthy Is'to |nd id rymg

glucose intolerance and fully developed T2D S th d%g:eases with

T2DM progression (Diener et al., 2021) T Me sto}jy ass{cis\a\ed the higher

abundance of genus Anaerostipes withginproved betas cell @tion and insulin
efficiency (Diener et al., 2021). i ct?;‘s\ sp., i.e. Anaerostipes
hadrus which inversely correlatedwith ndb e levels was found to also
have a region that encode yrat bio hway -the composite inositol

catabolism which is Iin%t e red ion pe@ disease risk in a host (Zeevi et

al., 2019). /K\ | $

\
Mean\@t:lo rle%?'on the dominant bacteria under phylum
Flrmlcut pre;e S a}u tagé'/number of butyrate-producing bacteria from

Clo tridia sters IV (also knov@'CIostrldlum leptum group) and XIVa (also known

strldlum coccoides groh (Eckburg et al., 2005). Recent findings showed that

a
a between the mucosal fold in the colon is majorly occupied by strict anaerobes
Om Clostridium Cluster IV and XIVa (Lopetuso et al., 2013). This specific position in

the colon helps this Clostridial subphylum to interact closely with gut cells, influence
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intestine structure and carry out vital metabolic functions such as the release of butyrate
to provide energy for colonocytes (Lopetuso et al., 2013). Clostridium sp. a?m
necessary to maintain gut barrier integrity by fighting against pathogenic @13 to
resist colonization. The bacteria from Clostridium Cluster 1V and e mostly
flagellated and protect the host guts against invading pathogens (KellY'ial., 2005). In

a study by Afolayan et al. (2020) in Nigeria, the decreasqe Er lence of genus

Clostridium was found in the gut microbiota of T2DM parti€ipa (Nr20) than in the

healthy urban elderly participants (N=22). This is sup db Pwhan et al.

“AY
(2016) from India that also noted a decrease in the{&lence f sk:l_@'dium
t

among T2DM participants (N=17) in compasi h% con@(Nle).
Hence, it is evident that the butyrate-prodx&riﬂium e com@:ﬁ; decreased

in the diabetic gut. \)
The genus Fusicatenibacterﬁgsd decre%ﬂn‘t i 5@3/ is a relatively new
N

genus classified under the fami%n:gjﬂjim 20<1f}(aakada et al., 2013). The

abundance of the only speci m un atenibacter saccharivorans

was decreased with ult% I|tisi}1

(Maslowski et al., 9; Takels

%san

bacterial speci\

responses (T. &@ . "0\’@} r, its biological significance in T2DM is yet
Qv NN

to be kr% b g (e 4\

AN 4
ddition, gut-ethnic‘v&ﬁation was found among ethnic groups with T2DM in

ISgenus,
l}rﬁan&;ryaznova etal., 2021) and mice

&
1, 2&&6& The increased abundance of this

am effect which reduces inflammatory

dy. The significant increase in Proteobacteria was reflected in Chinese and
Oian ethnic groups with T2DM. Past studies that investigated the gut microbiota
composition of different ethnic groups with T2DM had also reported varying gut

microbiota alterations in comparison to their respective healthy controls.
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In a study conducted in China, the gut microbiota composition of T2DM and
healthy nonDM participants from Chinese minority ethnic groups, Uygurs and
were analysed (Wang et al., 2017). An increase in Proteobacteria and a@%se in
Actinobacteria were found among Kazak T2DM in comparison to thé‘My Kazak
group. Meanwhile, only an increased abundance of phylum Firmicutes'represented by
the family Erysipelotrichaceae was found among Uygur T2D W:ompared to the
healthy Uygurs (Wang et al., 2017). In another study a 'tur'jabi population

with T2DM in Pakistan, a decreased abundance of era scW—Shigella,
3

Yw
found/in piriﬁa) o the

ote% ed a@%ance of

with j@gsed phylum

Actinobacteria represented by class @Keriia in (@ad et al., 2020).

Meanwhile, in a study conducted in

Bacteroides, Prevotella, Bacillus and Ruminoccocus

nonDM groups (Ahmad et al., 2020). The stud

genera Lactobacillus, Subdoligranulum an

'E}obiota composition of

healthy and T2DM participants

ethnicity residing in a siw%i
2021). Likewise other% of

significant increase™i Esche"

Peptostreptoco% nd 'um @bmparison to their respective control
¢

groups. Me w Anaerostipes H'ad(u_)s ?Nas only prevalent in African Surinamese,

N

while %kvalefc%_): bacteria belonging to families Lachnospiraceae,
Y.

Lactebaeillaceae, Christense @teae, Erysipelotrichaceae and Ruminococcaceae
%\ique to South-Asian Surinamese (Balvers et al., 2021). The varying gut
ob

G iota composition seen across these studies could be due to ethnic-specific
ifferences in genetic diversity, culture, diet, socioeconomic variation and geography

(Brooks et al., 2018; Gupta et al., 2017). Thus, ethnicity could be potentially considered

111



a major factor when analysing the gut microbiota composition of different ethnic groups

in health and disease. YV

In the present study, the specific bacterial genera found to b jcantly
altered in T2DM generally in terms of prevalence or abundance and further noted to be
significantly altered in T2DM by ethnicity were Escherichia- Shigella (increased in
Malay and Indian T2DM), Fusicatenibacter (decreased in Indi N), Anaerostipes
(decreased in Chinese and Indian T2DM) and Clostridium ed ir{MaIa T2DM).
Besides these, the abundance of genus Dorea was also foun@rto b dMn ay

N
T2DM and genus Bifidobacterium in Chinese T. . Studies by u&adb? et al.

(2020) in Sudan and Salamon et al. (2018) in Po ad répaorte rea 'd;gundance

(@)

of genus Dorea among T2DM participant.wer, Que et.al. (2ozf;¥\n China found

that this Gram-positive bacterium of ph

they suggested it to be an import &Dﬂicro&'\bv u cgwaredict T2DM. On the
@

other hand, as reviewed by Gu et al~(2020), aenw&lfidobacterium, a Gram-

positive bacterium under p Actinobaecteria ag@fs to be consistently reduced
|

among T2DM patients.%acterial | genu rgdggs CFA, namely acetate and lactate

during carbohydn&@wentatlon ich sugg:es({s it has a protective role in T2DM

(Parada Vene N.,Z 1@. | (')O
4

Qﬁe, a}th yc aﬁ'&r decreasing trends of other specific bacterial

genera\wereynoted by e nicﬁ‘y, %&3 alterations were not significant, most likely due

to wna | sample size compzﬁhg the three ethnic groups (each of Malay, Chinese and
ethnicity, N=15). For instance, in comparison to the nonDMs, all ethnic groups

Oh T2DM exhibited a higher trend of Lactobacillus abundance. Lactobacillus are
common gut inhabitants and the abundance of this genus has been associated with
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several inflammatory diseases including T2DM (Candela et al., 2016; Qin et al., 2012).
Furthermore, the increased abundance of this genus is often found amongvm
participants (Gurung et al., 2020). Besides Lactobacillus, in comparison to @3 DM
groups, a higher trend of Bacteroides and Clostridium were observed a alay and
Indian T2DM whereas Chinese T2DM had a higher trend of Subdaligranulum and
Eubacterium while Indian T2DM had a higher trend of Rumin CM. In both Malay
and Chinese groups, the higher trend of Prevotella was dc co,nparison to the
Malay and Chinese nonDM groups. The small sample Size cou WUlted in a
L ]

lower statistical power in analysing the difference ut microb, to‘rfg ition
between the ethnic groups with T2DM and the onDMs: e, aJQ&Er cohort
of adults is needed to identify if there are repsoducible di es co@ggnt with this
study’s findings across major ethnic g@/lalaysia. CS<
\ Y

A

o >

N

5.2.3 CorrelationAnaIyg,iiz\- lqu\A%
%

The gut bacteri% be sighificant in n@resent study were also tested for
4 ’ 2
correlation with thﬂnic C }ctq ics aﬁﬁfopometric, demographic, diabetic
profile and bioc@ par rs)of all eigcvy participants.

’ ‘,' ‘..)
of

Thﬁ creaSed abunean \Qrpteobacteria and Escherichia-Shigella seen
a

among %

T2 ients attending the d@{es clinic in Ampang Health Clinic were over the age
of\/v?hich is common as T2DM s usually diagnosed in middle-aged patients
1abe

tes Atlas, 2019). Moreover, the prevalence of diabetes is higher among

rtiorp iz thi;qg}iy correlated positively with age. Most of the

alaysian adults of 60 years or older than among adults in the 20 to 29-years age group
(Akhtar et al., 2022). Past studies observed that along with age-related modifications in
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diet and lifestyle, the increased immunosenescence, frailty, metabolic syndrome,

diabetes and sarcopenia seen with ageing could be related to the changes

microbiota composition and the occurrence of inflammatory processes (%\t al.,

2012). Moreover, in a few studies, the increased abundance of Prote ia found

among older T2DM participants in comparison to the control groups not associated

with age (Salamon et al., 2018; Wang et al., 2020). Thus, owusive evidence
.

showed age as an independent factor affecting the gut mi or'mposition (Biagi

etal., 2012). .\d‘ V‘"
| &
c

On the other hand, BMI was correlated oﬁwith ch hia-‘QﬁgeIla as
w
well as negative correlations with the gene&fou} to ‘%emer a@ance among

T2DM participants in this study, Fusiﬂ\‘ ter an aerostipes<in this study, the
eater tha

T2DM Indian and Malay had a BMIgr is the obese category

in the Asian-Pacific classification o (WHO Expert Co ation, 2004). However,

DM{);% BMI among Indians was

when comparing the three etNro i
nIarl ast es have reported ethnic-specific

h
found to be significant mcrezed. Si
'3
In

| H‘n{ TZ@%end to have the highest BMI and

Iowa&by Malay and Chinese ethnic groups

differences in BMI where

increased preval(r&)f 0

(Abdullah et ‘ﬁ 4). Obési
state of i %w%istanby i T@ (Abdullah et al., 2014). The rising prevalence
N ]~
a

of obes ndicated by incre@_)ed BMI in parallel to the rising incidence of T2DM is

N
s; Asian countries, including Malaysia. This could be due to differences in diet,

|
A an\T\h risk factor for T2DM. Obesity leads to a

ical inactivity and sedentary lifestyle found among different populations (Abdullah

Qal., 2014; Institute for Public Health, 2015). Hence, the abundance of gut bacteria
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seen to correlate with BMI could be important indicators of obesity and T2DM
progression. Yv

Furthermore, other clinical characteristics, i.e., FPG, ALP, ALT, L(ejj\J TG
seen to be altered among T2DM participants in this study were seen ﬂ;vosmvely
correlated with Proteobacteria while genus Escherichia-Shigella specifically with urea
and TG. Also, genus Fusicatenibacter correlated negatively with hile both FPG

and TG correlated negatively with genera Anaerostipes an i 'n Additionally,

genus Clostridium correlated positively with HDL. .\d

Other similar studies also found increase nd TG (A lat 2020

é iy
Wang et al., 2020) as well as decreased HDL (wmte Et.ﬂa\ 0; Lk%gal., 2020a;

Wang et al., 2020) among T2DM part|C| the present/study, When comparing

the T2DM group by ethnicity, mgme ncreased |

T2DM Malays. There were hig clf!)ls o@\‘g
@

comparison to T2DM Malay, Indian.~QOn th o‘fhez&wd, when comparing the

t@n T2DM Chinese in

nonDM group by ethnicity, levels of HDL-and HDL/TC ratio were found

in nonDM Chinese as hlghergl in and | %r ALP in nonDM Malay.

(J

Alteratlop@bl |Ie pe0|a change in TG, LDL and HDL levels

seen in T2D S|g of a al o.«%d metabolism and a major risk factor for
cardiovas ea es CV $. 2009). On the other hand, the level of HDL is
a stro S ctor of C than %‘R’I’C LDL or TG levels (Kostapanos et al., 2014).
Lowlevels of HDL are found} insulin-resistant states and T2DM is associated with

2005). The TG-rich HDL increases the

vels of TG and obesity (Razak et al., .
Oivity of hepatic lipase, a lipolytic enzyme responsible for HDL catabolism, thus

reducing HDL levels in T2DM (Vergés, 2009). Conversely, a high level of HDL is
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believed to be beneficial and protects against the occurrence of CVD due to its anti-

oxidative, anti-inflammatory, anti-thrombotic, anti-apoptotic and endotw

dependent vasorelaxant properties (Verges, 2009). Meanwhile, higher Ieve@yatlc

enzymes, i.e. ALT found in T2DM participants are associated with inc levels of

BMI, and poor diabetic control contributed by higher FPG (Harris, Z(Whis is likely

due to a condition called fatty liver affecting the liver, resulting PMsed ALT levels

(Mouzaki et al., 2013).

\
ith thelab anl:e-&cfaenera

J X
Proteobacteria, Escherichia-Shigella, FusicateWNran na tipesi}(mellasthe

prevalence of genus Clostridium may seanporta cators‘ggut dysbiosis

with T2DM, in particular the ethnic-specific diff

Thus, the association of altered clinical characteristic$fou Mticwts
S

seen in T2DM. Further interventional st

of each of these genera to serve a§%kers® i
)
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5.3  Systematic Review

This study aimed to systematically review the available literaturereparting

findings on the gut microbiota composition in preDM and newDM pars % when

compared to nonDM participants. This is hoped to highlight the changes occurring at

earlier stages of T2DM development before beginning anti-diab@ic%Zment.

Overall, the dominant phyla found among preDM an in comparison

to the nonDM group were Firmicutes, Bacteroidetes and acte‘ia. Four studies

found that the newDM participants had an increased abundance; of Fi utes-along

N
e Lt-éﬁ?ZOZO;
al., §0~2§;~Li etal.,

with a decreased abundance of Bacteroidetes (B t al., 201F;
Nuli et al., 2019; Zhao et al., 2019). MeanwhileWree ai

2020a; Zhao et al., 2019) out of 18 stut'wrted

ased% ratio among
&

participants in preDM and newDM grou diversity Iyses,@st studies found a
\X 9
lower alpha diversity as well as sigai ly di etad \(C%ity between the disease
? 4]
groups and healthy controls. “ <§}'
\ A
The gut microbiota sition am part@nts with preDM and newDM

\

clise obser\@ons similar in two or more studies. In

@

1 q
was also significantly % owever_th n}diagls ere not consistent across the 18
fo

studies. Hence, this’'revi

'
tes that tablj{h,ad role as biomarkers of health by producing

SCFA %ally bL{ty wire feund to be depleted in the disease groups (Martin et
LA S -

al.\ Mukherjee et al., 2&21); Tamanai-Shacoori et al., 2017). Meanwhile, the

‘@ groups also observed a decrease in genus Alistipes of phylum Bacteroidetes

OICh was found to have protective effects against certain diseases, including CVD,

while also being pathogenic in others due to its inflammatory potential (Parker et al.,

this way, gene qFq&cai ac'te erﬁeg\T, Roseburia, Dialister and Flavonifractor
mlg

of phylum

W,

2020). Also, the genus Akkermansia muciniphila of phylum Verrucomicrobia, a mucin-
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degrading bacteria that protects the gut barrier (Cani et al., 2008) was seen to decrease
among preDM and newDM participants. On the other hand, the decreased abuw
of Haemophilus of phylum Proteobacteria noted among the disease@was
unexpected given that this bacterial genus is a known mucosal p and its

abundance has been associated with varying pathogenicity in infections (Ngrskov-

Lauritsen, 2014), multiple sclerosis (Chen et al., 2016) and cq'orec carcinoma (Liu

l

et al., 2020).

Conversely, an increased abundance of gene er hw‘rmicutes,
namely Streptococcus, Veillonella and Lactobacillus, ifically L.r ir‘s,_k ‘zs;eri
and L.salivarius were noted among the dise ps I’ addition, %‘Fncreased
abundance of genera Escherichia-Shigella ofyphy teo tenaa@g.ollinsella of
phylum Actinobacteria were also ob\%nong the™disease @ups. The genera
Streptococcus, Escherichia coli an insella a '\gut inhabitants which

mclqua T2DM (Candela et al.,

ﬂlseas

are often linked with several m%\o
N

2016; Qin et al., 2012). et IS limite @dence on the role of genus
Veillonella, a Gram- n% cterlujln z:lt‘n @disease to date This review also
found a notewort osmvel \Cﬁton b Queen the genus Lactobacillus with
gylcaemic mar s, n er OMA IR index.

Over s r |eW s!’rv%%creased levels of glycaemic and pro-

inflamrr% arkers .as ?I as -I@ diversity of gut bacteria among preDM and
newgm articipants. The aIte@ﬁs of gut microbiota composition found among the

% roups in this review suggest that changes in the abundance of specific gut

ria that occur at the early stages of T2DM development could probably induce the

flammation-based environment seen with T2DM progression.
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The changes observed among T2DM patients in this study as well as in the

systematic review were summarized in Figure 5.1. This figure also inclu

confounding factors that could affect gut microbiota composition as well as@}sible

mechanisms involved in gut microbiota dysbiosis that could lead to i

state and T2DM.

Factors affecting
GM composition

Dysbiosis

Possible mechanisms
involved

Unhealthy Diet

Sedentary Lifestyle

esistance

Increas:
1. F/B ratio

ed in:

2. p. Firmicutes (g. Clostridium, g. Streptococ
g. Veilonella, g. Lactobacillus & g.Collinsella)
3. p. Proteobacteria (g. Escherichia-Shigell

4. p. Actinobacteria (g. Collinsella)

5. p. Synergistetes

Sd1
paswaidu|

Oi

‘um,;?lsicatenibacrer,
i g:gyamfmcmr,
i . Dialister)
. p. VEW ia (g. Akk m:ﬂ"&. ia)
4. p. PPoteobatreria (g. Hae ms)
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