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2.1 Introduction \,

This chapter describes the available literature coveking Esearch topics related

to this study. Background information on T2DM, h d%nd next-
generation sequencing technology is briefed in this ¢ r. The gut migro |ot file
of different ethnic groups in various studies ﬁtalaysl a WO |de are
reviewed. Past findings on the gut mlcro@e I aﬁﬁ@ associated
changes in clinical characteristics are \ arise W

.k
&
2.2 Type 2 Diabetes 0 Qi:)
&

Diabetes is a growi t tc]g obal ealt@ is among the top causes of
death worldwide. It is r%c tegori %:as) el 1 type 2, both characterised as the
body’s inability to& ce or se\tﬂ
that 463 milllow , or 8. pe W@ population, were living with diabetes in
Oﬁa).@ls is expected to increase to 700 million by

the year 2 Diabetes/Atl
o
2045, approxi atelyé. fothe qz. al population (Saeedi et al., 2019). In Malaysia,

dla one of the Ieadmg&un -communicable diseases (NCD), with 3.9 million

in eff eI (WHO, 2016). It was estimated

pe ged 18 years and above suffering from it (Institute for Public Health, 2019).

alarmlng increase in diabetes prevalence from 13.4% (2015) to 18.3% (2019) was



highlighted in the latest National Health and Morbidity Survey (NHMS) (Institute for

Public Health, 2019). Yw
Diabetes was also found to increase cardiovascular risk which j (@nsible
Type?

for 35% of mortality among the Malaysian population (WHO, 2018). diabetes

(T2DM) accounts for up to 90% of people with diabetes around the world (Diabetes

Atlas, 2019). Worldwide, T2DM is a growing health burden tthts overall health
ec

dnplications that

follow a T2DM diagnosis cause debilitating physicaly di bMﬂd ct
S
psychosocial well-being (Clinical Practice Guidelines;*2015; WHO, 6)’. =\
4
Asia has an escalating number of diabetes patie M|t |s$‘cted that by
2030, more than 60% of T2DM c@rig' 1 Asia({ , 2011). The
development of T2DM is strongly related toWari fa? ike_{égity, age, ethnicity,
éq A
family history, as well as various“genetic wé%‘i n a(g\environmental triggers
9 %
(Grarup et al., 2014). More M , owin sitﬁiﬁhhealthy diet and physical
N
inactivity, T2DM, whi useRo be more co ?n@g older adults, is also affecting
younger adults and childre Diab% S, f(&f}, Institute for Public Health, 2019).

In a study in M@ZD@ence )Q/gfound to differ among ethnic groups.

N
Jamal et al. (201 portedsth }I!iyiagfhinese has a lower prevalence of T2DM
dians

in compa %Mala ian
&t

Morbidity ey in the year %]{Fﬁmrted an increased number of T2DM cases among

quality and is a predisposing factor for other metabolic disease

Malays. The Malaysian National Health and

e (12.0%) (Institute for Public Health, 2015). This was agreed by Hussein et al.

5
Ewan Indians (22.1%), fa'rowed by Malaysian Malays (14.6%) and Malaysian

016), who found the highest prevalence of T2DM among Malaysian Indians. These

disparities seen in T2DM prevalence among different ethnic groups may be associated
10



with specific factors, i.e. diet, lifestyle, and genetic or gene-environmental factors
(Abdullah et al., 2014). Hence it is vital to identify the variation of risk fact?lvr

T2DM among different ethnic populations. This may also explain the dl@n of

T2DM prevalence around the globe. *

2.2.1. Pathogenesis of T2DM Q '

T2DM is characterised by increased blood g level chaemla
due to altered insulin production and resistance. Insu a hormone se re'ed @Kv the
pancreas that facilitates glucose intake by cells from thébloodstream for ener harvest

in t@s the mass

IIs <ﬁamaged leading

r@\eosta&s leads to high

A state of unresponsiveness of the bod cell tOV\@{
production of insulin. In the long ter h creatic
to low insulin production in the bo ThIS fail M li

glucose levels in the bIoodstrea portﬁnt di st r for T2DM (Lin et al.,

i ic

2010). The ineffective insu I|n a de r cos ags%rptlon for various organs,
impairing the central a mous r'l;ary j/s ence, there will be an increase
in hormone secreti like Iui 4 mcgn esultlng in hepatic glucose output

and renal gluco ptl vely@nlcal Practice Guidelines, 2015). This

further incre&!‘)we bl od sugar dev d worsening of T2DM. The progressive

pathoph flrpu in- }Js ng@erglycaemia will prompt various organ damage,

ultlmat& ding to serious he%&.compllcatlons including cardiovascular diseases
\

Kanter et al., 2016). Thus, T2DM has a significant impact on patients’

Q idity and mortality.



2.2.2 Risk Factors for T2DM Development

The exact causes of T2DM are not entirely understood. Several studiesvm
the increasing incidence of T2DM with increasing age (Ogurtsova et al., ZQ}mily
history, genetic heterogeneity (Aravindalochanan et al., 2014), econo lopment,

and urbanisation which led to a sedentary lifestyle and consumption Walthy foods,

i 'ez e et al., 2020).
asso lancreased

co n}t@nants
faml@z?nembers
), o

be 0 predict the
9

A
\i?al méﬂwty and weight gain

and obesity (Cecchini et al., 2010; Hu, 2011).

T2DM is heritable via genetic variation within

Individuals with family history of diabetes were signific

c.)
leading to abdominal obesit inked to n“inc&se in T2DM prevalence
(Cecchini et al., 2010; Hu, Abd min eS|t n established determinant in

l
identifying high-risk wuals top g- e oI|c syndrome. This body fat
distribution is cal Mindirictly rough

hip circumferfwalst cir‘cu e yce@alst -to-hip ratio (WHR), and body mass

index (B

ropometrical measurements, namely

’Efc

M patients have b\n reported in European and Asian studies (Caspard et
8; Gulati et al., 2017; Wang et al., 2018). This suggests that an ethnic-specific
Oservation in assessing body fat percentage may effectively identify the increased risk

for T2DM.

wnlc -specific o’ffe,@fes in body fat distribution or abdominal obesity
HW



In Malaysia, it was found that 64.8% of females, 68.3% of people of Indian
ethnicity and 71.5 % of individuals in the 60-64 years old age group had abdw
obesity (Institute for Public Health, 2019). Furthermore, Abdullah et al. (@Jund
that the major contributors to increasing T2DM prevalence in Malﬁ%vere age,
gender, elevated WHR ratio, diet, sleep duration, physical inactivity, Whistory and
urbanisation. These factors have led to a rapid increase in T2D evalence in the
urban population and may explain the increasing mmd@%& ir Malaysia.
Recent evidence suggests that gut microbigta could p erM&a vel

N
contributor to T2DM development (Gurung etsgals* 2020). Most ud'es-\‘amd a

s %
significant difference in gut microbiota compos nd ti etweg{t&hdividuals

with T2DM and healthy controls (Allin ecMS). Tm in enti&@nodulaﬁon of
e

gut microbiota in T2DM, found in both studies on mice (@hen et Q018) and humans

A

(Candela et al., 2016; Ohlsson, 20 %s sho&vs&r h-promoting bacteria,
6 e,
ucose i

improve metabolic functions lerarice. T a better understanding of

X

the specific gut microbial a?ﬁons inT2 oul@ovide an alternative target for
!
the prevention and mar%nt of T2DM. 0

N
\ o ! (J
2.2.3 Diagn%nd anageffiedt o F2pMm
NN
T2DM a{p ge is Q" tly symptomless initially due to the progressive

pat jology of insulin pﬂ@ljction and resistance. Thus, the exact onset of the

3

dis\s difficult to be determined. This results in a long pre-diagnostic period among
G M and an increase in undiagnosed T2DM patients (Diabetes Atlas, 2019).



Moreover, the silent hyperglycaemic period of T2DM allows the appearance of
micro and macrovascular complications that may fail to heal at diagnosis and cow
to life-threatening complications (Kanter & Bornfeldt, 2016). T2DM is a r@r for
cardiovascular diseases (CVD), cerebrovascular diseases and othe lications,
including nephropathy, retinopathy, neuropathy and dermatopathy (Diabetes Atlas,

2019). Therefore, the American Diabetic Association (ADAI iwnes of 1997 or

World Health Organization (WHO) National diabeti 0 cr"teria of 2006
recommended simple tests for screening and diagnosis o M ( Ic.kﬁ@dal., 2012).
23
N4
In clinical settings, a patient's history and al’'examinati re'st' cﬂe first

' 4

steps to diagnose T2DM. Patients with risk facte??mh aNJQ ry of@pertension,
cardiovascular disease, impaired glucosecWe or fr'ﬁp ired fasting,glucose, HDL
esit

y and r cha@eristics leading to

\3 kY
insulin resistance, such as polyc rian ( é\?ﬁ), physical inactivity,
? @

medications like antipsychoti , history of statio %iabetes mellitus (GDM),

are all screened for T2DM linical Pragtice G@Iines, 2015).
N

Patients with clini symp,@ 'I"Z@A i.e. tiredness, lethargy, polyuria,

<0.9 mmol/L or triglycerides >2.8 mmo

polydipsia, polyp@eig tlloss ruritu@vae and balanitis, are encouraged for

N
diagnostic testin 2DMand. 'g(!m;ﬂa'gafions (Clinical Practice Guidelines, 2015).
The clinié&mete‘ﬁs volve Io$(ﬁélysis [fasting plasma glucose (FPG), HbALlc,

renal& P), lipid rofﬂ'e a@mver function test (LFT)], urinalysis (for albumin
e
orﬁ%na buminuria) and E Gy

CG." However, to specifically diagnose T2DM, there are
mportant diagnostic testing, i.e., oral glucose tolerance test (OGTT) for T2DM
OG >7.0 mmol/L; 2-hour postprandial (2HPP)= >11.1mmo/L)], HbAlc (T2DM

14



>6.3 %) and venous plasma glucose [fasting (> 7.0 mmol/L) or random (>11.1

mmol/L)] (Clinical Practice Guidelines, 2015). Yv
The management of diabetes has been established on non-pharmswal and
0

pharmacological basis. The non-pharmacological management focuses lifestyle
changes, encompassing a healthy diet, increasing physical acti%' hdrawal from

smoking or drinking habits, and maintaining a healthy body Clinical Practice

Guidelines, 2015). Pharmacological management consist min'stration of oral

anti-diabetic (OAD) agents for monotherapy, ie., formin, enylureas

N
(gliclazide, glibenclamide, glipizide, glimeprir%glitini es pa’gli-ﬁ%% and

L 4
nateglinide), alpha-glucosidase inhibitors (acarwﬂhiaw ones@%litazone
and pioglitazone), dipeptidyl peptidatwaglipt , ﬁ% saxagliptin,

linagliptin and alogliptin). If glucose co

poor, a co inatic@f any two or three

\3‘ Y
OADs and/or injectable agents (i. n, G epto g;éﬂist) is indicated. Anti-
? @

hypertensive and Iipid-lowerir\ icines alsd be s&oﬁ to prevent complications

like CVD (Clinical Practice Guidelines, 201 abet,@ttlas, 2019). Despite efforts by

oy
the stakeholders like t istry of Heal I\}al&; to educate the public regarding

T2DM, the incid@@iab@as evaSn'éed in the NHMS 2019 (Institute for

&
Public Health@ p ) %O
'
L / 3
%, g 4 {%\
2.3 !u an Gut Microbioté;/
\
\rahe human microbiota consists of approximately 100 trillion cells, exceeding

0& uman somatic and germ cells by a factor of ten (Peterson et al., 2009). The

Integration of genome and traits from both humans and microbes is thought to form the

15



basis of human genetic makeup and to develop human metabolic features (Gupta et al.,
2017). Therefore, several physiological, metabolic and immunological function

body depend on the mutualistic relationship with the microbes and pr i\ique
functional traits that are not evolved in humans (Lynch & Pedersa,;@m). The

increasing understanding that the human microbiome profoundly inffuences human

physiology in health and disease has led to various microbio Ms globally.
;n

Initial projects, i.e. the Human Microbiome Projec ho’ver et al., 2012;

Peterson et al., 2009) and MetaHit (Qin et al., 2010), attémpted to ¢ cierisg..the
N
composition, diversity and functional properties uman migro e’ Si)fc? then,

4 b %
with the development of culture-independent ap@es, ha%l S rng\_@mal RNA
(16S rRNA) gene sequencing, metagenocweta-tra scri meizﬁ&e\ta-proteomics

munities i ariou@ches in the human

and metabolomics, multi-species microb

A
d@sity and abundance of

body have been discovered (Lync g@erse&\y she
) A

microbiome functionality in giteéSy namely~gut, skin, ore&nd vagina, proved to be

specific and personalised in ealthy individual ,@ttenhower etal., 2012).

N
The human w iota.(H( aS'élf},most significant number and most
ared t

diverse microbes& o@dy si@eupta etal., 2017). It is also observed
N
that 99.1% (%\ut domij 59& W&écteria, mostly of phyla Firmicutes and
@

Bacteroi Q’GM also vagiesin different individuals, but a small subset of core gut
’
bacter: a nes from the c5’re @Fobiome was found to be shared among individuals
et al.,

(

0 nship between the microbes and the host. The various endogenous and exogenous

., 2010). This furtk? supports the notion of the mutualistic symbiotic

tors, i.e. age (Jandhyala et al., 2015), diet, lifestyle (Hu, 2011), exposure to

antimicrobial agents (Forslund et al., 2015), host immunity (Levy et al., 2016),
16



ethnicity, geography and environmental influences (Gupta et al., 2017), shape the gut

microbiota over time.

2.3.1 Development of Gut Microbiota

The growing knowledge of the development of the guwbiota from the
period of infancy is vital for understanding the role of Y;se'ase. The sterile
foetal gut is colonised with microbes soon after%‘l’he u’»s]a\bamicrobial
community at the infancy stage is affected by mc@@livery, diet e'iic:a{:ggors
and gestational age at birth (Jandhyala et al., 2015)."As the H inf%ﬁmatures
into an adult-like gut microbiota beginning&? |\ds to @& stable and
once again declines with old age (Lyr@dersen, 4 ThﬁGM structure and
composition result from natural s@cson b}:\gé\b? K}h‘e host’s mutualistic

relationship in performing physi ical flhctio th y. The gut microbiota
fluctuates with different env%ent I%yand @ally returns to its original

composition once the %Z’ons arelesol edl((;@%a etal., 2012).
4

%

F &
The predo@hyla Pbs :
errt@vnicrobia. The Gram-positive Firmicutes

in th It gut are Firmicutes, Bacteroidetes,
Actinobacteria, “Rroteobacte %
\ A . C—)
and the Gram-negative Bacteroi etes&_epresent 90% of the total composition of the
human acteria a{dyj e s@hain fatty acids (SCFA) (Qin et al., 2010). The
SCIAmetabolic product&@}rﬁqicrobial fibre fermentation in the gut that benefit

hu etabolism and the immune system (Parada Venegas et al., 2019). In a healthy
QW, Firmicutes are mainly represented by butyrate producers, namely genera
lostridium, Eubacterium, Faecalibacterium and Roseburia (Parada Venegas et al.,

17



2019). Butyrate protects against inflammation by reducing pro-inflammatory cytokine
production, maintaining the integrity of gut epithelium and serving an essentlaI?m

blood glucose and lipid regulation (Lin et al., 2012).

On the other hand, phylum Bacteroidetes is represented by a&tate and

propionate producers, i.e. Bacteroides and Prevotella (Parada x et al., 2019;

Telle-Hansen et al., 2018). The genera under subdowﬂ phyla, namely
f

Verrucomicrobia (i.e. Akkermansia) and Actinobacteria

ido acterlum) were
found to be higher in abundance while Proteobacteria

cheri eol r,\zwas

commonly found in lower abundance in a health E burg al Og, A%ahyala

et al., 2015). Gut microbiota has various flwms, di rot n against

epithelial cells injury (Rakoff-Nahoum CVM on oﬁv&t fat storage

(Béckhed et al., 2004), stimulation Oflw an |oge e

i (Stap@beck etal., 2002),
metabolism of dietary componen Q@op Me

energy (Jandhyala et al., ~and b|o of gical molecules (steroid
hormones, vitamins and neﬂ?u-smltt'rs) ( ersen, 2016).

Numerous studies ae hlg@ @nge in gut microbiota composition
S oa@

system, biogenesis of

J’/%}

in the disease sta desc g the alterations in the composition of

HGM and |t@mlo cal f t'wh ﬁn)('lfn individual with disease, compared to

modlflcal pf}}) (\@éﬁou et al., 2018). Hence, understanding the

health %lome co p05|t|o%¥ﬁld explore the plausible links of the microbiome
N %

withydisease.

N



2.3.2 Gut Microbiota and Ethnicity

Various studies have found that the gut microbial composition varle\qeen

ethnic groups. Race or ethnicity impacts the conformation of the gut mlcrs mong
individuals residing in various geographical locations (Gupta et al., 2017)."Although

not understood fully, this difference could be due to food intake, net , or the living

environment (Hu, 2011). Y.
A large cross-sectional study conducted acrosx&nc aon 314
volunteers belonging to 7 ethnic groups (Bai, H akh, etan

and Zhuang) found significant segregation of gu robiot c |t|on CIfIC to

y on N{'mlcroblota

bIOtQ pOSItIOI’] were

composition (Zhang et al., 2015). Althowng

found among different ethnic groups, similar g w Io&netic core was found

A
in all study participants. The ¢ % rl%n of e prngmlnant genera, namely

Phascolarctobacterium, Ro

Clostridium, Subdoligr umin cltcus dlCo occus were also known SCFA-
he alo

producers. However, t ec% ¥a significantly at the species-level.

Ba es, utia, Faecalibacterium,

This indicates th co mo !md mbl@roblal lineage found in all the ethnic

groupstendt V with hes c;;'at tors, i.e., lifestyle, ethnicity or geography.

Thus, the atlon é‘ﬂl ugh(b'ﬁal core as well as their evolutionary changes
g

amon e individuals couk‘/'('erve as an important link in understanding gut

|ota changes in health h disease (Zhang et al., 2015).

In a similar study in China, a statistically significant difference in richness and

|ver5|ty of gut microbiota composition was reported between three different ethnic



groups (59 Tu Yao, 47 Han and 28 Zhuang) that lived in the same rural area with one
ethnic group, Tu Yao, living more isolated in the mountains (Liao et al., Olw
main ethnicity-associated difference the study noted was difference in th@a

of genus Megamonas, which positively correlated with consumption s among
Han as compared to the Zhuang and Tu Yao groups. Also, although n&s.s'ouated with

ethnicity, the study found that differences in the abunda e 0 omlnant genera

Bacteroides and Prevotella was associated with alcohol co n hlgher relative
abundance of Bacteroides and lower abundance of Pre Wong those
who consumed more alcohol in both Han and roups. | He [h_e{&ymg
composition of gut microbiota found between ethm\ in th,b?udy was

linked with dietary intake (Liao et al., 2018\) 0\

Few studies have also investiga ;t microbio variat@ in the Malaysian

\ *
multi-ethnic community and investi its a&yn‘vi erent factors. A study

0 5
led by Chong et al. (2015) anaKthe gutmicrobiota of@nary school children aged

7 to 12 from rural areas of P?-ihe three ethni gro ecrmted were Malay (N=24),
!

Chinese (N=1) and Or li- Temp Tri e;(l\t/ . The highest bacterial diversity
was seen among callybep Orapéﬁsll children, while low diversity was
seen among n ne ﬂre%@%sed to a westernised diet and sedentary
lifestyle. 'e, n ted phyla Firmicutes and Bacteroidetes were

omin ws all &u d'hps Orang-Asli children had a higher abundance of
monadales, unclas?i@ order of Bacteroidetes and Deltaproteobacteria as

% an unclassified genus of family Ruminococcaceae in comparison to Malay and

Oinese children. Hence, it was found that gut bacteria is strongly affected by ethnicity-



related socio-economical variation. This disparity is linked with host genetics and the

lifestyle practised by different ethnic groups (Chong et al., 2015). Y*

In another study, Khine et al. (2019) compared the gut microbi tgﬂoealthy
e child

Malay children from Penang (N=21) and Kelantan (N=33) with Chines ren (7-12
years old) from Penang (N=21), Kelantan (N=45) and Guangzhou,city ichina (N=18).
This study identified that geographical-associated factors, i.e., lifestyle, instead

of ethnicity, affected the gut microbiota composition. This Iect‘d in children of

Chinese ethnicity living in different cities with significantlydifférent

In contrast, children of Chinese and Malay ethni@ing injthe
4

b9
significant difference in gut microbiota, sugges@'ﬂatt sh simi@:microbiota

profiles (Khine et al., 2019). Thus, thic?Wshow%‘p t sim&lg\dietary habits

practised by the community living in the ajor d@minant in shaping

\ 9
the gut microbiota composition ( g@?al., : \'\
%
éo

9 %
Meanwhile, DWiyantON 21Med ngUt microbiota of four major
N

ethnic groups (46 Malay, 6525inese, IQ In ar] a@’Orang Asli-Jakun) living in a

egionare a

same community (Segamat,Johor The lf@ual multivariate analysis of variance
(PERMANOVA)@ re@at et@y exerted the most significant effect
N

size and the @})ec' iceen ?{ esQa%{e identified. The increased proportion of

Prevotell %cteroi es-dom aQQ%térotypes was found among Jakun and Chinese
L
O 1

respectively. Me \Nﬁle, Malay and Indian ethnic groups were equally

ethnic
oy S | |
d We in these two dominant enterotypes (Dwiyanto et al., 2021). The ethnic

ution in enterotypes was reflected in the Prevotella and Bacteroides ratio where
Oun, Indian, Malay and Chinese ethnic groups exhibited largest to lowest ratio,

consecutively. Hence, in this Malaysian locality, ethnicity strongly influenced gut
21



microbiota composition, and this difference was associated with ethnic-associated
unique lifestyle and dietary habits practised by the different ethnic groups in thi
(Dwiyanto et al., 2021). Therefore, it is clear that the impact of ethnici \&d be

included in studies investigating gut microbiota patterns in disease. *
2.3.3 Gut Microbiota and T2DM ? '

Evidence suggests the involvement of gut microbiOta is an esse factor_for

N
T2DM development, in addition to host geneti ravindalogha el aht:%014),

P 4
environmental factors (Razak et al., 2005; Wel 1., 2@%) sedegz‘lr.@:vzy~ lifestyle

(Hu, 2011). T2DM is characterised by hﬁWaemi%\ insulin rezrzé}ce leading to

inadequate insulin secretion, abnorma olism of 0Se, @i and amino acid

(Saeedi et al., 2019). The influe «.(-abgut d&\?%
? 0

endotoxemia and reduced secr of incretins as welf as@i)'/rate may induce the low-

grade inflammation seen \AT M tccur e (\_@ianou et al., 2018). This may
S

ation with metabolic

S

(

explain changes in g% etabgl m rpu&n?ésistance and possibly, T2DM
development. &\ | g 4 @)

&
Table CMS list of s ?’l&s nalysed gut microbiota composition using

N
16S rDNQuncing technol gyééf' ng T2DM participants when compared to
‘v’s
healthy,c

S.



Table 2.1 Studies on Gut Microbiota Composition between Healthy and TZDM(A{&S using 16S rDNA Sequencing.

N=138 and Indian N=137) and

Author stud Ethnicit Gut Microbiota Compositioﬁﬁ}um/Class/Order/FamiIy/Genus/Species)
(year), ref y y Abundant in T2DM Abundant in Healthy Controls
(Afolayan et  This is a cross-sectional study Yoruba, Ibo i. p.Actinobacteria i. p. Firmicutes [f.Clostridiaceae
al., 2020) aimed to analyse the GM and Others [f.Coriobacteriaceae (g. Collinsella, (9. Clostridium) &
composition in healthy elderly & f. Bifidobacteriaceae] f.Peptostreptococceae]
individuals (N=22) and elderly ii. p.Firmicutes (g. Rumin c&?
people living with T2DM |
(N=20) in Ibadan, Nigeria '\d
(Ahmad et This is a case-control study Punjabi i. p. Firmicutes | .éz.‘Firmicutes (g.Bacillus & g. Ruminococcus)
al., 2020) aimed at investigating the GM (g.Lactobacillus,g. dolig‘;a ulum, Yl . p.Bacteroidetes (g. Bacteroides & g.Prevotella)
composition in healthy (N=20) g. Allisonella g'Dij 'stel\['er ~J'iii. p.Proteobacteria
and obese individuals with 0.Negativicutes, & g. ium) X (c. Gammaproteobacteria, c.Deltaproteobacteria
T2DM (40) in Islamabad, ii. p.Actinobacteri (c.C%i ter'|‘§§\ & g. Escherichia-Shigella)
Pakistan \ O iv. p. Verrucomicrobia (c.Verrucomicrobiae)
v. p. Elusimicrobia
(Almugadam This is a case-control study N/A i.p. Ac acteria C} i. p. Firmicutes
etal.,, 2020a) aimed at investigating the GM ifidobacterium) <$' (9. Faecalibacterium & g.Dialister)
composition among healthy ii. \.Nrmi ; atelﬁbacterium, ii. p. Proteobacteria
(N=24) and T2DM individuals 3 Iaut&, Q. I@nella& iii.p. Verrucomicrobia (g. Succinivibrio)
(N=24) as well as exploring the C;D .Parvimo I:)‘ iv. p. Elusimicobia (g.Elusimicrobium)
effect of the antidiabetic agent it p e .Fusobacterium)
on gut flora in Sudan. ’Q Q %%
(Alvarez- This is a case-control study mh, i,p.Firmic \g. Lachnoclostridium) i. p. Firmicutes (g.Anaerosporobacter,
Silva et al., comparing the GM composition V{U@n 4 O g.Subdoligranulum & g.Butyricoccus)
2021) of healthy adults (Danish, %sh) v) N
outh = #
E X

adults with T2DM (Danish,
N=141 and Indian, N=157) i
Denmark and India

n$Dravidian)

dian

ancestry

GM, gut microbiota; p, Phylum; c, Clb, a

mily; g, Genus; sp,Species. All findings are significant with p < 0.05.
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Table 2.1 continued. \Y~

C
Author stud Ethnicit Gut Microbiota Compositioﬁﬁ}um/Class/Order/FamiIy/Genus/Species)
(year), ref y y Abundant in T2DM Abundant in Healthy Controls
(Doumatey  This is a case-control study N/A i. p.Actinobacteria (f. Coriobacteria%! i. p. Firmicutes (f. Clostridiaceae &
etal., 2020) aimed at identifying the GM & f.Bifidobactericeae) \, f.Peptostreptococcaceae, g. Anaerostipes,
composition among healthy ii. p.Bacteroidetes (g. Prevote g. Ruminococcus, g. Clostridium &
controls (N=193) and T2DM iii. p. Firmicutes (g. Pepto e&;ccus & g. Epulopiscium)
individuals (N=98) in urban g.Eubacterium)
West Africa iii. p. Euryarchaeota '\d
. X .
iv. p.Tenericutes | L}Y'
4 . A
. . o s - N
(Fassatoui This is a case-control study N/A No significant fmw \ ' i.p. Verrucomicrobia
etal., 2019) aimed at identifying the GM év (sp. Akkermansia muciniphila)
composition among type-1 \, 0\ & ii. p. Firmicutes (sp. Faecalibacterium
O prausnitzii)

subjects (N=10) in comparison
to healthy controls (N=10) in

Tunis. (]
7]
% &
(Hoang et This case-control study aimed Vietnamese signifi indings.s_ i. p.Firmicutes (c. Clostridia)

al, 2021)  to identify the GM T : 0%‘
composition of healthy (N=7) (—) P 2

and T2DM subjects (N=7) in

&
Hanoi, Vietnam. l&\ ® &%b

(N=10) and type-2 T2DM \C')

(Kitten et This is a cross-sectional study Me h\ is I'T?!ic (9. Blautia, i. p. Bacteroidetes (g. Prevotella)

al., 2021) aimed at identifying GM Americans / ingcoccus, g.Clostridium, & ii. p.Firmicutes (f. Lachnospiraceae &
composition in healthy (N=23) P b}) unéﬁ)coccus torques) g.Streptococcus)
and individuals with T2DM % b4 e

o

(N=14) in San Antonio, Texas _k%
GM, gut microbiota; p, Phylum; c, Class; f&Q ly; g, Genus; sp;Species. All findings are significant with p < 0.05.
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Table 2.1 continued. \Y~

C

Author stud Ethnicit Gut Microbiota Compositioﬁﬁ}um/CIass/Order/FamiIy/Genus/Species)
(year), ref y y Abundant in T2DM Abundant in Healthy Controls
(Larsen et This is a case-control study N/A i. p. Proteobacteria (c. Betaproteob a) i. p. Firmicutes (c. Clostridia)
al., 2010) aimed at assessing the ii. p. Bacteroidetes (g. Bacteroi%

difference in GM composition
among healthy controls (N=18) T

and T2DM individuals (N=18)

in Denmark. \d
| ]

(Leite etal.,, This case-control study aimed Caucasian, i. p.Firmicutes (c.C@a, 0.Clostri ifﬂg_sﬁ}‘z. i. p. Firmicutes (f. Lachnospiraceae)

2017) to identify GM composition in Asian & f.Ruminococcace Y ii. p. Bacteroidetes (c.Bacteroidia,
healthy controls (N=22) and Afro- ii. p. Bacteroidetew. evs{rlaé . N o.Bacteroidales, f.Bacteroidaceae,
Brazilian T2DM participants descendent g. Prevotella, sp'Pre oprié‘fi" g.Bacteroides, sp.Bacteroides vulgatus &
(N=20) from Barretos, Sao sp.Bactergi lanisol ) sp.Bacteroides rodentium
Paulo, Brazil. \ 6

(Lietal., This case-control study aimed Han i. p. Ba idetes%%t' es;k i. p. Firmicutes (g. Clostridium XIVa,

2021) to identify GM composition ii. p.Ac acteria ifidobacterium) g.Clostridium Xl, g.Flavonifractor
between healthy (Han, N=10 iii.40. Rirmicutes (gJPapi cter) g.Oscillibacter, g.Fastidiosipila
and Mongolian, N=18) and K \\\ & Lachnospiracea incertae sedis)

T2DM participants (Han, N=10 Y" ii. p.Bacteroidetes (g. Prevotella)
and Mongolian, N=18) in two C;)J vJ ' O‘

different ethnic groups living Mongoli ip. roi etg ! Barnesiella i. p.Firmicutes (g. Fastidiosipila)
in the same area in Beijing, aK i

China. &

)
C} /iu.p. inhicules (9. Papillibacter)

5

(Lietal., This is a cohort study aimed at % i.p. Fir btes (9. Faeacalibacterium, i. p. Bacteroidetes (g. Parabacteroides)

2020b) analysing GM composition % s ,g.[§}a§u& sp. Faecalibacterium prausnitzii)  ii. p. Firmicutes (g. Streptococcus)
among healthy (N=30) and 5 ii. p,Eusobacteria (g. Fusobacterium) iii. p. Actinobacteria (g. Bifidobacterium)
T2DM individuals (N=50) in ‘{" iv. p. Verrucomicrobia (g. Akkermansia)

Northern China

GM, gut microbiota; p, Phylum; c, Clb. amily; g, Genus; sp,Species. All findings are significant with p < 0.05.
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Table 2.1 continued.

N

C
Author - Gut Microbiota Compositioh (PAylum/Class/Order/Family/Genus/Species)
Study Ethnicity - -
(year), ref Abundant in T2DM % Abundant in Healthy Controls
(Pushpanathan  This is a case-control study aimed at N/A i. p. Proteobacteria (g. Esche i. p. Firmicutes (g. Faecalibacterium &
et al., 2016) determining the GM composition and ii. p.Firmcutes (g. Lactobaeillu g.Eubacterium)
the profile of monocyte ii. p. Bacteroidetes (g. Prevotélla) ii. p. Actinobacteria (g. Bifidobacterium)
chemoattractant protein-1 (MCP-1) %
and interferon-gamma (IFNy) among '
healthy (N=13) and T2DM \d
individuals (N=17) attending a .
tertiary care centre in India ,3 | _\‘-}

(Salamon et This is a case-control study aimed at N/A i..p. Firmi g. Ru& ccus)j"- i. p. Bacteroidetes

al., 2018) identifying the GM composition ii. p. Proteobagteri {\Y' (f. Flavobacteriaceae & g.Bacteroides)
among type-1 (N=22) and type-2 (f. nfedba teri e) ii. p. Firmicutes
T2DM subjects (N=23) in \e) 6 (f. Clostridiaceae, f. Lachnospiraceae,
comparison to healthy volunteers \ A f. Peptostreptococcaceae g.Anaerostipes,
(N=23) in Poland N Y \& & g. Roseburia)

[ .

(Wang et al., This case-control study aimed at oteobagteria < i. p. Bacteroidetes (g. Prevotella)

2020) identifying the difference in GM ; |chi$higella) ii. p. Firmicutes (g. Roseburia)
composition between T2DM subjects ctinbbac e{h (9. Bifidobacteria)
(N=134) and healthy controls (N=37) i ure&g.Faecalibacterium
in China. . z(éjobacinus)

(Wang et al., This is a case-control study aimed at n@s No significant findings

2017) identifying GM composition between a&'bpelotrichaceae)

healthy (Uygurs and Kazaks, N=10
and T2DM participants (Uygurs o icut

Kazaks, N=10) in two ethnic f 4 Iﬁ;ﬂ:)cnueﬁ‘;ceae)
minority groups in Xinjiang, China QY p Proteobacteria

\ - (f. Desulfovibrionaceae
& f.Aeromonadaceae)

i. p. Firmicutes (f. Planococcaceae &
f.Veillonellacea)
ii. p.Actinobacteria (f. Coriobacteriaceae)

GM, gut microbiota; p, Phylum; c, %eamily; g, Genus; sp, Species. All findings are significant with p < 0.05.
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The gut microbiota composition in T2DM was found to vary in different studies.
Larsen and co-researchers (2010) were the first to report that T2DM parti?u,
compared to healthy controls, undergo gut microbial dysbiosis, whereby a&\skcurs
in proportions of phyla Firmicutes and Bacteroidetes. Few studies thaﬂ&\ed either
a higher (Li et al., 2020b; Salamon et al., 2018; Wang et al., 2020) orW(Doumatey

et al., 2020; Fassatoui et al., 2019) abundance of Gram-positiwi Mutes also found

a lower and higher abundance of Gram-negative Bacteroi I TZI?M participants,
respectively. Two of these studies also reported a hi Fir ic’hos(#teroidetes

(F/B) ratio in T2DM participants, when compared to

hy control a’a@al.,

control (Almugadam et al.,

abundance of Gram-positi in

(Almugadam et al., 20@

al., 2020b; Pushpanathan et aI.,iZ

abundance of G@iv

" e?’al (_ZJO 0) and a lower abundance of Gram-negative
NN

2016; Salazs ., 2018; Wal
Verrucamicrobia (Alm 'm et al:‘>020a; Fassatoui et al., 2019; Li et al., 2020b)
Y-

wer seen in T2DM parti'& S.

‘%\The gut microbiota composition in T2DM also seem to vary among different
Onic groups residing in various geographical locations (Table 2.1). In a study

investigating Caucasian, Asian and Afro-descendent ethnic groups found in Brazil,
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phylum Firmicutes was found in lower abundance among T2DM participants compared
to the healthy control groups (Leite et al., 2017). Similar findings were also seen

Vietnamese participants in a study from Vietnam (Hoang et al., 2021). In@xjabi
ethnic population in Pakistan, a lower abundance of phyla‘&eroidetes,
Proteobacteria and Verrucomicrobia were noted among T2DM parti¥n~ts (Ahmad et
al., 2020), while in another study, only a lower abundance of phylum™Bacteroidetes was
noted among the Mexican American participants with T2 h?;n 'et al., 2021), in
comparison to their healthy control groups, respectively. @g the o hewinong the

I My
Yoruba ethnic group in Nigeria, an increased abunda phylum Act ol‘ag&éq was
he

reported among the T2DM participants comparw hedlt trols\c‘)yhe same

N T
ethnicity (Afolayan et al., 2020). \, " ,é\

k
When the gut microbiota comgon of T2 wa@mpared between
\J A
different ethnic groups, phyla Bac san ct rfé\'mcreased in abundance
4]
in both Han and Mongolian I¢_groups=with E‘)‘I\@%hina. The F/B ratio was
significantly higher in the v-golian T2D rou n in the healthy Mongolian
(
control group (Li et al.%. Meanwhile

,angglg study done in China, the Kazak
ethnic group with B'lwad a ‘ighundan@of phylum Proteobacteria and a lower
&
abundance of Nn Actino Ia irts@parison to the Uygur ethnic group with
¢
%d '

T2DM, th% lower abun nceéf/phylum Firmicutes when compared to their
respec 'wlthy cgn an al., 2017). Hence, it is clear that varying gut
ml\ composition is fouh&?n different ethnic groups with T2DM.
Thus, it is essential to identify if a population has ethnic-specific changes in the
0 microbial composition in T2DM as the development of population-based medicine
could be good choice for gut microbiota-based prevention and management of T2DM.
28



Besides that, gut microbiota alterations in T2DM are also associated with
metformin intake, the most prescribed antidiabetic medication for T2DM patiervne
consumption of metformin was found to either have therapeutic or adver@\s on
the intestine by modification of gut microbiota composition (Forslufﬂ*., 2015).
Hence, to fully explore the gut microbiota changes in T2DM, an obsmn of the gut
microbial changes without the effect of drugs should be done. hw, it is important

to analyse the gut microbiota composition among pre-diabetic prei)M) and newly

diagnosed diabetics (newDM) who have yet to nop arWapy. By
L 4

understanding the specific gut changes occu% earlier s s’ @DM
development, a gut microbiota-based screeninv‘ ou% ishe{&' identify

Y.
individuals at high risk of developing TZDN 0‘ é



2.3.4 Clinical Characteristics and Gut Microbiota in T2DM

Factors correlating with the gut microbiota enable the identification Q%ant

associations contributing to health and disease. The gut dysbiosis that occ!%g with
changes in clinical characteristics could be associated with underlyinq insulin‘resistance

and a pro-inflammatory state (Vallianou et al., 2018). \,

Table 2.2 shows various clinical characteristics th ered in T2DM and
correlated with alteration in gut bacterial compositiona era st@ increase
in weight or upper body fat measured with BMI been establis toc relate

strongly with an increased insulin resistance state ndmku‘g,

accumulation may indicate altered energy metaRlis
development of metabolic syndrome\ ;
ageing individuals are high-risk for, T2D rd ula_r\gs)ease development
A
(Barlow et al., 2015). The increas I gl‘l etes |Ie G, insulin, HOMA-IR,
o "~
HbA1C], lipid profile [totaw

terol ow- d ty lipoprotein cholesterol
(LDL), high-density lip Woles rol ( f_) rlglycerldes (TG)] and markers

of inflammation [C- reactlv rotei 4 d TNF-a], as well as low diversity

20 The*g'.s eral fat

\
ing itsirterplay in the

urthegn re, obese and

of gut bacteria, a en ou I T2D art|C|pants (Ahmad et al., 2020; Bhute

et al., 2017; @ey t al.,

observed a%se of lipopolysacc ('ée-binding protein (LBP) in plasma correlated

00si uﬂ%i BMI. HEALC CRA TNF-o and IL-6.

S

2‘9' Sﬁ%ét al., 2014). Sato and their team (2014)
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Table 2.2 The Correlation of Clinical Characteristics with Gut Microbiota

Composition in T2DM Participants.

A\ w . 4
Correlation of Parameters with Gut Microbiota (references) in T2DM
Parameters — - - - Qf
Positive Correlation Negative Correlation
Age N/A f. Caulobacteraceae (Salam %018)
g.Akkermansia (Salamon e%
BMI N/A f. Ruminococcaceae (Sa al., 2018)
g_Streptococcus (Salamoat al., 2018)
sp. Faecalibacteriumyprausnitzii
(Navab-MoghadM., 2017)
FPG p. Firmicutes (Ahmad et al., 2020) p.Bacteroidetes et al., 2020)
p.Actinobacteria (Ahmad et al., 2020)  p.Proteobacteri mad et al., 2020)
¢ Betaproteobacteria sp.Akkerman niphi'a
(Larsen et al., 2010) (Fa i 2019)
g.Clostridium cluster XI Kd
(Adachi et al., 2019) .
A4
HbAlc f. Flavobacteriaceae g libacterium/(Sa a.kt‘zlbw)
(Salamon et al., 2018) g. insela (Sala
imonas (Sa
ulleidi
SpVAKk
0}} Cruigd. 27
TC N/A \ g.Clostridi @m
% ietal., 201
LDL idium ﬂ'(er XVIHI
chi e@gmg)
TG

<
S

g. Atopobium (S

BMI, body mass index; HDL, hig
lipoprotein; TG, triglycerid
significant with p < 0.05.

iny TC. T, olesterol; LDL, low-density
mi'y; nus; sp, Species. All the findings are
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2.3.5 Next-Generation Sequencing, 16S rDNA Sequencing

Next-generation sequencing (NGS) is a collective term used to de@
revolutionising nucleic acid sequencing technology in genomic studies‘@ etal.,
2013). These high-throughput sequencing techniques have proven to be rapid; sensitive
and less costly for large-scale sequencing of nucleic acids as com rexh'e previously

widely used Sanger sequencing (Heather et al., 2016; van Dij 2014). NGS has

been used to monitor genetic evolution and drug resist

epidemiological tracing of infectious diseases (Ekblom et

N

| S
In traditional bacterial identification me the b}ct ial orp@gy and
phenotypic characteristics were used to identify an isola has many variations
in different laboratories (Pence et al. 2% his Q]ho as anly limited to the
identification of microbes that could %ss cu? : m% is estimated to be

aa A
less than 2% of the bacteria foundwin the environment (\A@e, 2002). Hence, in the
9 Q—

1980s, the identification of a M dard i ifyin teria based on their stable

N
genome coding for 16S Nwas intrlduce ( n@al., 2007). Ever since, the high

t roug put sequencing tec 0 19 ts Into 1dentl Ing uncu turable
hrough i I%’n@'"h"d'fy' lturabl

microbes living ip@d-b leria mm@
N
; O

The 1 A gene is co'r'np@ t in all bacterial species that codes for the

RNA p%k 308'45 M 0 th@}cterial ribosome (Wang et al., 2015). This 16S
e

rRN& I.e. the 16S rDNAL'%v};:h is 1.5 kilobases in length, contains both highly
\

c d and variable regions (Clarridge, 2004). While the conserved regions have
i

ical sequences across species and are hence suitable sites for primer design, the

Qe short hypervariable region sequences are helpful in identifying the bacterial taxa
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up to species level (Clarridge, 2004; Weinstock, 2012). Hence, 16S rRNA is the most

common gene targeted to taxonomically classify the trillions of bacteria presentvw

native environments (Johnson et al., 2019). %\

2.4 Conclusion

This chapter reviewed the available literature on t ence‘ of ethnicity on

gut microbiota composition. It also summarised available ingson g crobiota in
N
T2DM. This gives an insight into past studies do@ similar a o‘ ra’sgca’ch in
Malaysia and other regions of the world. This h?ﬂo idem,& esearbhggp in this
o
study and provided some idea on the expeﬁwy fintqing erein.é



