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Insights into the role of the gut microbiome in metabolic syndrome

Abstract: Metabolic syndrome is a worldwide epidemic which is a combination of various metabolic 
disorders of organism. Nowadays biodiversity in gut microbiome and its impact on health is being studied 
very intensively. Gut microbiome has a main role as a reservoir of human genetics. Therefore its study 
is very topical. There are a lot of factual materials which indicate that gut undeniable influence on the 
immune system and intestinal barrier function, digestion, metabolism and systemic inflammation. It can be 
rightfully claimed that microbes «in dialogue» with the whole body by way of sending us signals, which 
have to be researched and identified in the future.
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Introduction

Nowadays one of the most prevalent public 
health problems in the world is metabolic syndrome. 
Metabolic syndrome is a combination of various met-
abolic disorders of organism and it is considered as 
worldwide epidemic. This syndrome contains group 
of risk interconnected factors that increases the risk 
for heart disease, atherosclerosis and other health 
problems, such as diabetes and stroke [1]. There are 
different definitions of the metabolic syndrome. His-

torically, professor Reaven was the first who used the 
term «syndrome X» on his investigations on differ-
ent factors of organism which lead to diseases. Then 
the term was renamed into metabolic syndrome [2]. 
Worldwide Health Organization (WHO) proposed 
the following definition: Metabolic syndrome is mul-
tiplex risk factors which constitute of basic compo-
nents of abdominal obesity, high triglyceride level of 
blood, less HDL cholesterol, great fasting glucose, 
arterial pressure, dyslipidemia, high or low density of 
lipoproteins, and high level of BP.

[3].
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If three or more of the measurements attend, this 
means that metabolic syndrome occurs [4]. Having 
just one of these conditions doesn’t mean metabolic 
syndrome. However, any of these conditions increase 
risk of serious disease. If more than one of these con-
ditions occurs in combination, risk is even greater [3, 
4]. However pathogenic mechanism and criteria for 
diagnosis of metabolic syndrome have not been fully 
investigated. 

Epidemiology of metabolic syndrome

It was thought that metabolic syndrome is mostly 
related to middle-aged and old people for a long time; 
especially it is disseminated between men. But recent 
studies have shown that young people tend to meta-
bolic syndrome too. 

According to the data of Worldwide Health Or-
ganization about 30% of populations in the world are 
overweight, 16.8% of them – women and 14.9% are 
men. The number of people with obesity increases 
progressively every 10 years by 10%. Likelihood of 
arterial hypertension is high for 50% between people 
with obesity than those with normal weight. Accord-
ing to the Framingham study, systolic blood pressure 
increases by 4.4 in men and 4.2 among women for 
every extra 4.5 kg weight. Several conducted inves-
tigations elucidate that body weight is direct propor-
tional to total mortality. Obesity increases the risk of 
2 type diabetes [5].

Over the past 15 years more than 20 epidemio-
logical studies carried out on the prevalence of the 
metabolic syndrome. Large-scale meta-analysis has 
shown that in an adult population by 10% in China 
and 24% in the US are diagnosed with metabolic 
syndrome. Most studies have identified common pat-
terns that play an important role in the development 
of metabolic syndrome, such as age, women’s post-
menopausal status, behavioral factors – sedentary 
lifestyles and the prevalence of carbohydrate diet, 
socioeconomic status. Research recently conducted 
in Russian on a random sample of the adult popula-
tion have shown the data of 20.6% of persons aged 
30-69 have metabolic syndrome; it occurs 2.4 times 
more frequently in females than between man; the 
more the age, the higher the number of patients with 
metabolic syndrome [6]. 

According to the data of Kuopio Ischemic Heart 
Disease Risk Factors Study the risk for coronary 
heart disease is higher for 2,9-4,2 times and death 
rate from ischemic heart disease for 2.6-3.0 times in 
patients with metabolic syndrome. In another pro-
spective study ARIC (Atherosclerosis Risk in Com-

munities) we can notice the results have elucidated 
that patients with metabolic syndrome can tend to 
stroke 2 times more than the control group: the risk 
was 1.9 for men; for women – 1.52 [7].

Metabolic syndrome is a cluster of risk factors 
associated with prothrombotic, proinflammatory 
conditions, non-alcoholic fatty liver disease, and dys-
function of the reproductive system. The prevalence 
of metabolic syndrome depends on gender, age, eth-
nicity, as well as the use of diagnostic criteria, and 
varies over a wide range between male populations 
from 8% in India to 25% in the US, among women 
from 7% in France to 46% Iran. The study INTER-
HEART showed that metabolic syndrome related to 
26% of adult population in the world.

 In South Asia the prevalence of metabolic syn-
drome is 2.5 times higher than in Europe. Its fre-
quency is very high among obese patients: metabolic 
syndrome is revealed in 49% of them. According to 
the opinion of some researchers, the metabolic syn-
drome is a consequence of urbanization, the increas-
ing prevalence of obesity and sedentary lifestyles [8]. 

Metabolic syndrome is widespread in Asia. Ac-
cording to statistics, 17 million people die from 
stroke in China every year. 60% of patients with dia-
betes in Asia are Chinese citizens. In China If the in-
dex of weight is 30 kg/m3 and higher, it means that 
people tend to obesity. According to this 64 million 
people suffer from metabolic syndrome. Children in 
China also prone to metabolic syndrome and 15% of 
children tend to obesity [9]. The studies conducted 
in Taiwan have determined that 9 boys from 100000 
and 15 girls from 100000 have a diagnose of diabetes 
[10]. 

314 million people with metabolic syndrome are 
estimated in the world in 2001, as well as 400 mil-
lion – in 2006. It’s predicted that number of patients 
will increase up to a 500 million in 2025. Epidemio-
logical studies conducted in different countries have 
shown that of metabolic syndrome occurs on average 
10-40% of individuals depending on the population 
[11]. According to studies high prevalence of this 
syndrome is marked in Greece, the Netherlands and 
Finland. For example, in Greece, the figure is 41.8% 
(63.0% among men, 37% – women) by NCEP cri-
teria and 43.4% according to the criteria IDF. Pilot 
studies conducted in Russia showed that 20.6% of 
persons aged 30-69 suffer from metabolic syndrome. 
According to the Federal State Institution «Endocri-
nology Research Center» syndrome was diagnosed 
in 66% of patients with obesity [12].

There are only a few studies on the prevalence 
and ethnic characteristics of the metabolic syndrome 
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in Kazakhstan. Shalharova carried out the epidemio-
logical research in South Kazakhstan, and the results 
corresponded with European results [13].

The role of the gut microbiome on develop-
ment of metabolic syndrome

Nowadays biodiversity in gut microbiome and its 
impact on health is being studied very intensively. 
Gut microbiome has a main role as a reservoir of hu-
man genetics. Therefore its study is very topical. The 
human gut microbiome contained 1.5 kg of micro-
organisms, about 1000. The microflora performs a 
number of very important functions: differentiation 
of the intestinal epithelium, protection against patho-
gens and metabolic – involved in the processes of de-
posit in the liver and adipose tissue formed as a result 
of fermentation of energy substrates, which makes up 
10% of the energy homeostasis. MetaHIT project’s 
purpose is to create the «microbiome» – gene bank 
of microflora. «Microbiome» contains 3.3 million 
of coding sequences of nucleotides – it is 150 times 
larger than the human genome, and has been called 
‘our other genome».

The development of the metabolic syndrome 
is associated with systemic inflammation of lower 
grades. The role of the microflora in the origin of 
obesity can be explained by two aspects: 1. Addi-
tional extraction of energy from the indigestible part 
of food; 2. the maintenance of systemic inflammatory 
response due to the increased lipopolysaccharide of 
bacteria, in other word – endotoxemia. In addition, 
certain bacteria can inhibit the expression of the pro-
tein induced by starvation in the intestinal contents, 
which exhibits the properties of an inhibitor of lipo-
protein lipase. 

Active studies the role of gut microbiome on 
pathogenesis of the metabolic syndrome started with 
experiments on mice which demonstrate that obesity 
is associated with an increased content of microbial 
groups Firmicutes and reduced levels of Bacteroides 
[14]. Many studies indicate that people with obesity 
and 2 type diabetes are characterized by changes in 
the composition of intestinal microflora, in particu-
lar the reduction of species that are actively produce 
the butyrate – Roseburia intestinalis and Faecalibac-
terium prausnitzii. Apparently butyrate has an anti-
diabetic effect. Low variability in the composition 
of microflora is considered as a possible predictor of 
obesity treatment absence by diet [15]. 

Behaviors of the microbiota on inflammatory bow-
el disease, allergic diseases are being studied exten-
sively. Fecal microflora transplantation from healthy 

donors is one of the newest and effective methods. 
This method has proven itself particularly in the treat-
ment of recurrent infection of Clostridium difficile. 
The latest recommendations of the American College 
of Gastroenterology allow the transplantation of fecal 
microflora after the third recurrence of Clostridium 
difficile in case of failure of vancomycin [16].

There is a widespread interest in transplantation 
of microflora in other diseases too. It is believed that 
in some situations, this arrangement will avoid pre-
scribing. Patients with metabolic syndrome showed 
increased sensitivity of peripheral tissues to insulin 
and an increase in species diversity of the microbiota, 
when fecal transplants from healthy donors [17, 18].

The limitations of the method of transplantation 
above are explained by insufficiently established pro-
cedures for screening donors and insufficient study of 
the method. There are a lot of factual materials which 
indicate that gut undeniable influence on the immune 
system and intestinal barrier function, digestion, me-
tabolism and systemic inflammation. It can be right-
fully claimed that microbes «in dialogue» with the 
whole body, and send us signals, which have to be 
researched and identified.

Conclusion

There is a widespread interest in researching met-
abolic syndrome because it is a worldwide epidemic 
which is a combination of various metabolic disor-
ders of organism. Interaction between gut microbi-
ome and metabolic syndrome is very topical studies. 
There are a lot of factual materials which indicate 
that gut undeniable influence on the immune system 
and intestinal barrier function, digestion, metabo-
lism and systemic inflammation. It can be rightfully 
claimed that microbes «in dialogue» with the whole 
body by way of sending us signals, which have to 
be researched and identified in the future. Studying 
Kazakhstani population with metabolic syndrome, 
researching their gut behavior will help scientists to 
identify new methods of treating the dangerous dis-
eases such as an obesity, diabetes, atherosclerosis, 
coronary heart disease and so on. 

References

1.	Grundy S.M., Brewer H.B. Jr., Cleeman J.I., 
Smith S.C. Jr., Lenfant C. Definition of metabolic 
syndrome: report of the National Heart, Lung, and 
Blood Institute/American Heart Association confer-
ence on scientific issues related to definition. Arterio-
scler Thromb Vasc Biol 2004. – 24: e13-e18.



39Kakimova A. et al

International Journal of Biology and Chemistry 8, №2, 36 (2015)

2.	Reaven GM: Banting lecture. Role of insulin 
resistance in human disease. Diabetes 1988. – 37: 
1595-1607.

3.	Kassi E., Pervanidou P., Kaltsas G., Chrousos 
G. Metabolic syndrome: definitions and controver-
sies // BMC Medicine, 2011. – 9: 48.

4.	http://www.heart.org 
5.	Ziramet P., Shaw J., Alberti G. Preventing 

type 2 diabetes and the dysmetabolic syndrome in 
the real world: a realistic view // Diabetic medicine, 
2003. – 20(9): 693-702.

6.	Mamedov M, Suslonova N, Lisenkova, To-
kareva Z. Metabolic syndrome prevalence in Russia: 
Prelimonary results of a cross-sectional population 
study. Diab Vase Dis res, 2007. – 4(1): 46-7.

7.	https://www2.uef.fi/ru/nutritionepidemiolo-
gists/kihd

8.	Grundy S.M., Cleeman J.I., Daniels S.R., Do-
nato K.A., Eckel R.H., Franklin B.A., Gordon D.J., 
Krauss R.M., Savage P.J., Smith S.C., Spertus J.A., 
Costa F. Diagnosis and Management of the Metabol-
ic Syndrome. Circulation, 2005. – 112: 35–52.

9.	Gu D, Reynolds K, Wu X, Jing Chen, Duan 
X, Reynolds R, Whelton P, He J; InterASIA Collab-
orative Group. Prevalence of the metabolic syndrome 
and overweight among adults in China // Lancet, 
2005. – 365: 1398-405.

10.	 Jung-Nan Wei, Fung-Chang Sung, Chau-
Ching Lin, Ruey-Shiung Lin, Chuan-Chi Chiang, 
Lee-Ming Chuang. National surveillance for type 2 
diabetes mellitus in Taiwanese children // JAMA, 
2003. – 290: 1345-50.

11.	 Ervin R.B. Prevalence of Metabolic Syn-
drome Among Adults 20 Years of Age and Over, by 
Sex, Age, Race and Ethnicity, and Body Mass Index: 
United States, 2003–2006 // National Health Statis-
tics Repots, 2009.

12.	 Meigs J.B. Epidemiology of metabolic syn-
drome // Am. J Manag Care, 2002. – 8(11): 283-292.

13.	 Shalharova Zh.S. Metabolicheskyi sindrom: 
epidemiologiya, diagnostika, klinika i lechenie. – Al-
maty, 2006.

14.	 Ley R.E., Bäckhed F., Turnbaugh P., Lozu-
pone C.A., Knight R.D., Gordon J.I. Obesity alters 
gut microbial ecology // Proc Natl Acad Sci USA, 
2005. – 102(31): 11070-5.

15.	 Everard A., Lazarevic V., Derrien M, Girard 
M., Muccioli G.G., Neyrinck A.M., Possemiers S., 
Holle AV., Francois P., Willem M. de Vos., Delzenne 
N., Schrenzel J., Cani P. Responses of gut microbiota 
and glucose and lipid metabolism to prebiotics in ge-
netic obese and diet-induced leptin-resistant mice // 
Diabetes, 2011. – 60(11): 2775-86.

16.	 Surawicz C.M., Brandt L.J., Binion D.G., 
Ananthakrishnan A.N., Curry S.R., Gilligan P.H., 
McFarland L., Mellow M., Zuckerbraun B. Guide-
lines for diagnosis, treatment, and prevention of 
Clostridium difficile infections // Am J Gastroenterol, 
2013. – 108(4): 478-98.

17.	 Bercik P., Denou E., Collins J., Jackson W., 
Lu J., Jury J., Deng Y., Blennerhassett P., Macri J., 
McCoy KD., Verdu EF., Collins SM. The intestinal 
microbiota affect central levels of brain-derived neu-
rotropic factor and behavior in mice // Gastroenterol-
ogy, 2011. – 141(2): 599-609

18.	 Vrieze A., Van Nood E., Holleman F., Salo-
järvi J., Kootte R.S., Bartelsman J.F., Dallinga-Thie 
GM., Ackermans MT., Serlie MJ., Oozer R., Der-
rien M., Druesne A., Van Hylckama Vlieg JE., Bloks 
WW., Groen AK., Heilig HG., Zoetendal EG., Stroes 
ES., de Vos WM., Hoekstra JB., Nieuwdorp M. Trans-
fer of intestinal microbiota from lean donors increases 
insulin sensitivity in individuals with metabolic syn-
drome // Gastroenterology, 2012. 143(4): 913-6.


