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Abstract
I n t r o d u c t i o n : Although attempts to establish a definition of metabolic syndrome (MS) intensified two decades ago, research into diseases co-occurring with
MS was initiated as early as in the 17th century. The breakthrough came in 1988
with a study by Gerald M. Reaven, which combined so far unrelated conditions
into X syndrome. In the 20th and 21st century, research focused on providing a
definition applicable in clinical practice.
A i m : The following overview summarizes the history of MS, from early descriptions to the most recent attempts at defining it.
M a t e r i a l a n d m e t h o d s : The literature was searched in PubMed, Scopus,
and Google Scholar databases focusing on history of research on MS, criteria of
diagnosis.
R e s u l t s a n d d i s c u s s i o n : Since 1998, while the concept of MS was accepted,
the definition has evolved. Since the European Group for the Study of Insulin
Resistance definition was announced, the essential components of diagnosing
MS have not changed, they have only been specified to include a greater part of
the population. It seems that MS is not only a pathophysiological term, but also
a practical-clinical one. When diagnosed, it involves further medical treatment.
C o n c l u s i o n s : (1) The definition of MS has evolved, becoming simplified so
that it can be used in clinical practice. (2) Main components of diagnosing MS
have been specified to include a greater part of the population. (3) It seems that
MS is not only a pathophysiological term, but also a practical-clinical one. (4)
The construct of MS definition has inherent limitations which impact on its
clinical usefulness. (5) The current definition might be subject to more modifications following new research studies.
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1. INTRODUCTION
Metabolic syndrome (MS) is broadly defined as co-occurrence of abdominal obesity, insulin resistance, disorders of
carbohydrate and lipid metabolism, hypertension, increased
levels of inflammation markers, excess production of cytokines and adipokines, as well as endothelial dysfunction.1,2
Co-occurrence of these disorders considerably increases the
risk of atherosclerosis, diabetes mellitus type 2 (DM2) and
cardiovascular complications.3–5
Since 1988, when Reaven publicized his suggestion the
insulin resistance played a role in syndrome X pathogenesis, the criteria to diagnose MS have undergone a number
of modifications. In the light of a number of studies confirming the co-occurrence of MS and cardiovascular complications, it was attempted to create a uniform and clinically
useful definition of the syndrome in order to differentiate
patients with an increased risk of cardiovascular events and
to include them in the primary or secondary prevention.6–8
A major criticism levelled at the MS has been that multiple competing definitions are at best confusing, and at
worst represent a syndrome which nobody knows how to
define. Just as the prevalence of component conditions such
as obesity, hypertension, hyperglycelmia, and dyslipidemia
is dependent on the definition, so is the prevalence of the
syndrome as a whole. Many studies compare prevalences
of MS using different criteria so that it shows the need for
a standarised international definition. After agreement on
definition of MS it is possible to compare the prevalence
among population worldwide and its relationship with various health outcomes can be made.

2. AIM
The following overview summarizes the history of MS, from
early descriptions to the most recent attempts at defining it.

3. MATERIAL AND METHODS
The literature was searched in PubMed, Scopus, and Google
Scholar databases with no time limitation using metabolic
syndrome, criteria, history in medical subject heading.

4. RESULTS AND DISCUSSION
4 . 1. Fir st c a se s tud i e s
The first references to MS come from the ancient Egypt.
Doctors there saw the reason behind ‘stopping of the heart’
in obesity and excessive energy supply. Detailed descriptions concerning MS can be found in the 17th and 18th centuries in contributions from doctors such as Nicolaes Tulp
and Giovanni B. Morgagni.9,10 The former presented a case
of MS in Observationes Medicae in 1641. He enumerated such
findings as: milky serum, obesity, excessive consumption of

milk, while its consequences included blood coagulation
disorders and sudden cardiac death. Morgagni, in turn, described a case of an obese man with insomnia (which was a
symptom of obstructive sleep apnoea), headache (hypertension), peripheral oedema (cardiac insufficiency) and symptoms of biliary colic. The patient died most probably of a
stroke. In the post-mortem examination the findings confirmed cholelithiasis and severe atherosclerotic lesions in
arteries. The scholar postulated that vascular lesions were
most probably related to excessive energy supply and they
were the basis for the remaining diseases.
In the first half of the 20th century, MS patients became
the focus of Eskil Kylin from Sweden and a Polish doctor
Jakub Węgierko.11,12 Kylin claimed that hypertension, hyperuricemia and hyperglycaemia, which often coexist, could
be seen as a separate syndrome. A similar conviction can be
attributed to Węgierko, who noticed co-occurrence of diabetes and hypertension, obesity, gout, cholelithiasis and vascular atherosclerosis. A French scientist Jean Vague described
various types of obesity, and concluded that abdominal obesity was a factor which contributed more significantly to the
development of atherosclerosis and diabetes than gynoid
obesity.13
4. 2. Year 1988 – syn d rom e X accord i n g t o Reav en’ s d ef i n i ti on
In 1988, Gerald M. Reaven published in Diabetes a study entitled ‘Role of insulin resistance in human disease,’ in which
he determined the so called ‘X syndrome.’ It encompassed
so far unrelated disorders: hypertension, disorders of carbohydrate metabolism (abnormal glucose tolerance) and lipid
metabolism (increased VLDL concentration, low HDLcholesterol concentration). He referred to insulin resistance
as a possible cause of these disorders. Despite a number of
studies into a correlation between insulin resistance and visceral obesity, Reaven did not enumerate abdominal obesity
among the components of MS; he assumed that insulin resistance appeared also in people with normal body weight.14
In a study from 2005, he emphasized that the syndrome was
not differentiated for epidemiological reasons, but to draw
the public’s attention to an increased cardiovascular risk in
seemingly healthy people.15
4. 3. Year 1998 – World Health Organ i zat i o n
In 1998, for the first time in history the World Health Organization (WHO) adopted the term ‘metabolic syndrome’
and announced criteria of diagnosing it.16 They included
DM2, abnormal glucose tolerance or abnormal fasting glycaemia, as well as insulin resistance diagnosed directly in
the hyperinsulinemic-euglycemic clamp technique. Additional criteria of the diagnosis included central obesity,
dyslipidaemia, hypertension and microalbuminuria. This
definition of MS focused on proving insulin resistance, including it in the diagnosis criteria. On the other hand, it
required extending the set of biochemical tests to determine
MS, which caused doubts as to its clinical usefulness. The
WHO indicated that there was a higher risk of cardiovascu-
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lar events in patients with MS than it was assumed on the
basis of separate risk factors.
4 . 4. Ye a r 1 9 9 9 – Eur o p e a n G r o up fo r th e S tud y
o f Insu lin Re sis ta n ce
Another definition of MS was presented by the European
Group for the Study of Insulin Resistance (EGIR) in 1999.17
MS was called ‘an insulin resistance syndrome,’ and for it
to be diagnosed, one of the following criteria had to be met:
insulin resistance or hyperinsulinism (serum insulin levelmore than 75 percentile). Additional criteria required for
MS to be diagnosed in line with this definition included
two out of four following criteria: abdominal obesity, dyslipidaemia, hypertension, fasting glycaemia of at least 110
mg/dL (≥ 6.1 mmol/L) or impaired glucose tolerance. This
definition focused especially on insulin resistance, which
lowered its clinical applicability. On the other hand, it resigned from the criterion of microalbuminuria, required
to diagnose MS according to the WHO. At the same time,
recognizing abdominal obesity on the basis of waist circumference was a more convenient approach, better correlating
with the amount of visceral adipose tissue. Additionally, the
HDL-cholesterol criterion was unified – which might be
cause reservations in the light of current reports on differences in HDL-cholesterol concentration depending on the
sex. What is more, among patients with glycaemia disorders
there were no people with diagnosed diabetes, while insulin
resistance plays a key role in DM2 pathogenesis and DM2
patients present also with other MS features.18
Both definitions did not become clinical standards because they required performing complicated tests to confirm insulin resistance.19
4 . 5. Ye a r 2 0 0 1 – N a ti o n a l C h o l e s te r o l Ed u cati on
P r o g r a m — Adul t Tr e a tm e n t Pa n e l III Program
In 2001, experts of the Third Report of the National Cholesterol Education Program – Adult Treatment Panel III
(NCEP–ATP III) proposed another modification of the MS
definition.20 This definition differentiated five criteria of diagnosis, which were equally important, without emphasizing the most significant criterion: abdominal obesity as an
increased waist circumference, hypertriglyceridemia, low
HDL-cholesterol concentration, blood pressure of at least
130/85 mmHg, fasting glucose of at least 110 mg/dL (≥5.6
mmol/L). In order to diagnose MS, it was necessary to meet
three out of five of the above criteria.
In order to diagnose MS in a simpler way the authors
of this definition resigned from marking insulin resistance,
because they believed that it was too complicated for clinical practice. Oral glucose tolerance test was no longer performed, as it was stated it was not a routine procedure, which
could become an obstacle in recognizing MS in everyday
clinical practice. In the commentary to the definition, it
was, however, emphasized that MS was closely related to
insulin resistance. It was the aim of the simplified definition of MS to foreground actively looking for people with
an increased risk of cardiovascular diseases so that to im-

plement preventative measures in these groups of patients
as soon as possible. The authors of the NCEP-ATP III MS
definition emphasized the role of abdominal obesity in insulin resistance, and the values of waist circumference which
indicated abdominal obesity were repeated in line with the
guidelines of the National Institute of Health for the USA
population. This approach definitely limited the definition,
since neglecting racial and ethnic differences in diagnosing abdominal obesity unnecessarily excluded people with
a higher risk of cardiovascular diseases, e.g. Asian people.21
4. 6. Year 2003 – A m eri can A ssoci ati on o f C l i nical E n d ocri n ologi sts
In 2003, another MS definition was provided by experts
of the American Association of Clinical Endocrinologists
(AACE).22 One more time the role of insulin resistance was
reiterated. Criteria to be met to diagnose MS comprised abnormal glucose tolerance or fasting glycaemia. Additional
criteria were: obesity or abdominal obesity (diagnosed on
the basis of BMI), hyperglyceridaemia and/or low HDLcholesterol concentration, increased systolic blood pressure
or other risk factors, such as history of DM2 in the patient’s
family, polycystic ovary syndrome (PCOS), sedentary lifestyle, elderly age, belonging to an ethnic group with a high
DM2 risk. In order to diagnose MS, both the basic and additional criteria had to be met. However, this definition was
rather imprecise and left much space for clinical interpretation, additionally excluding patients with diabetes.
4. 7. Year 2005 – In tern ati on al D i ab etes Federa ti on
Yet another definition originated in 2005, as a modification of the NCEP–ATP III definition, which is supported
by clinicians.23 It was authored by a group of experts of the
International Diabetes Federation (IDF). The sine qua non
condition to diagnose MS consisted here in abdominal obesity understood as an increased waist circumference. Values typical of other ethnic groups were also distinguished.
Additional criteria comprised: hypertriglyceridemia, low
HDL–cholesterol concentration, blood pressure of at least
130/85 mmHg, fasting hyperglycaemia or treatment for
DM2. The IDF introduced abdominal obesity as a prerequiste of the diagnosis of MS, with particular emphasis on
waist measurement as a simple screening tool. For MS to be
diagnosed, the criterion of abdominal obesity and two out of
four additional criteria were required to be met.
It was a considerable advantage of this definition that it
took into account ethnic and racial differences in diagnosing abdominal obesity. It was also praiseworthy that the level
of fasting glycaemia was lowered to be at least 100 mg/dL, a
value recommended by the American Diabetes Association
(ADA).24
NCEP–ATP III and AACE definitions met the need to
diagnose MS in epidemiological studies, while the WHO
and EGIR definitions were applicable mainly in scientific
research. It was the IDF definition that corresponded to the
needs of both scientists and clinicians.
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4 . 8. Ye a r 2 0 0 5 – A m a r i ca n He a r t A s s o ci ati on
a n d Na t iona l He a r t, Lun g, a n d B l o o d I n sti tute
Experts of the American Heart Association (AHA) and National Heart, Lung, and Blood Institute (NHLBI) expanded
the NCEP–ATP III definition to include another change in
2005, still not differentiating the leading criterion necessary
to recognize MS. This definition suggested an adjustment of
waist circumference to lower threshols only in some ethnic
gropus, such as Asians and kept the factor of fasting glycaemia to be at least 100 mg/dL, unlike previously, when it was
110 mg/dL.25
4 . 9. Ye a r 2 0 0 9 – th e I n te r n a ti o n a l Di a b e tes Fed e r a t ion modif ica ti o n
The most recent change in the definition of MS was introduced in 2009 in the version provided by the IDF.26 After
a meeting of experts of a few organisations (IDF, AHA,
WHO) it was established that all the criteria would remain
equally important, and in order to diagnose MS it would
be necessary to recognize three out of five on the following:
abdominal obesity, hypertriglyceridemia, low HDL concentration, increased blood pressure, fasting hyperglycaemia or medication for DM2. The numerous race- and
gender-specific waist circumference cutoffs has further
confused the definition of MS. A correction of the issue of
the repeatedly raised problem was introduced, namely the
diagnosis of MS in people without abdominal obesity. It
was noted that even lean individuals may develop features
of MS.
4 . 10 . Limit a t ion s o f M S d e fi n i ti o n
Over the years, the main components of diagnosing MS
evolved and became simplified for ease of use in clinical
practice. It includes some of the most frequently occurring
chronic disorders, which are also major risk factors for cardiovascular disease, the leading cause of mortality in the
Western world. It is suggested that MS is a systemic predisease state beyond DM2 and cardiovascular disease and
can be used as a guide to clinical managment decisions. It
has been shown to predict cardiovascular disease morbidity,
cardiovascular disease mortality, DM2 and all-cause mortality in a number of populations worldwide.27–29 MS associations with apparently unrelated diseases such as polycystic
ovary syndrome are described.30 Currently, the two most
widely used definitions are NCEP-ATP III and IDF focusing specifically on waist circumference which is an indicator
of abdominal obesity. In contrast, the WHO, EGIR and the
AACE definitions are all largely focused on insulin resistance and carbohydrate metabolism disorders. The definition of MS might be subject to more modifications following new research studies.31–36 After agreement on definition
of MS it is possible to compare the prevalence among population worldwide and its relationship with various health
outcomes can be made.
The ongoing discussion into defining MS has its opponents, who believe there is no impact of diagnosing MS on
the clinical practice. MS is presented as an educational con-

cept that focuses attention on complex multifactorial health
problems and a pre-morbid condition rather than clinical diagnosis. It is said that citeria of MS and rationale for
threshold of MS components ale not scientific enough. The
metabolic syndrome should be considered a pre-morbid
condition, exluding idividuals with establisher diabetes or
known cardiovascular disease. The construct of MS criteria
has inherent limitations which impact on its clinical usefulness such as:
(1) Dichotomisation of the diagnosis of MS and of risk factos used to difine MS;
(2) Omission of established risk factors such as age, sex,
family history, socioeconomic status, ethnicity, current
treatment, smoking, physical activity;
(3) Heterogeneity among individuals diagnosed with the
MS;
(4) MS describes relative risk as opposed to absolute risk;
(5) The cardiovascular disease risk associated with MS appears to be no greater than the sum of its parts;
(6) Treatment of MS is no diffrent than the treatment for
each of its component;
(7) Superiority of waist circumference to BMI is notscientifically established for defining obesity;
(8) Value of including DM2 in MS definition is questionable.37,38
Moreover prognostic capability of pediatric metabolic syndrome criteria is pretty low due to its sensitivity. Therefore
obese adolescents not met diagnostic level for metabolic
syndrome by IDF criteria could be falsely excluded from
the cardiovascular risk group.39
However, it seems that MS is not only a pathophysiological term, but also a practical-clinical one. Diagnosis of MS
requires introduction effective approaches to treat it. The
diagnosis and treatment of the underlying risk factors for
the metabolic syndrome should be an important strategy for
the reduction of all-cause mortality associated with metabolic syndrome in the general population.

6. CONCLUSIONS
(1) The definition of MS has evolved, becoming simplified
so that it can be used in clinical practice. 2. Main components of diagnosing MS have been specified to include a
greater part of the population.
(3) It seems that MS is not only a pathophysiological term,
but also a practical-clinical one.
(4) The construct of MS definition has inherent limitations
which impact on its clinical udefulness.
(5) The current definition might be subject to more modifications following new research studies.

Conflict of interest

The authors have no potential conflicts of interest.

248

Pol Ann Med. 2020;27(2):244–249

Funding

The work was not financed by any scientific research institution, association or other entity, the authors did not receive any grant.

1

References

2

3

4

5

6

7

8

9

10

11

12

13

Alberti KG, Zimmet P, Shaw J; IDF Epidemiology Task
Force Consensus Group. Metabolic syndrome – a new
world-wide definition. A consensus statement from the International Diabetes Federation. Lancet. 2005;366 (9491):
1059–1062. https://doi.org/10.1016/s0140-6736(05)67402-8.
Grundy SM, Cleeman JI, Daniels SR, et al.; AHA, NHLBI.
Diagnosis and management of the metabolic syndrome.
An American Heart Association/National Heart, Lung,
and Blood Institute Scientific Statement. Circulation.
2005;112(17):2735–2752.
https://doi.org/10.1161/circulationaha.105.169404.
Ford ES, Li C, Sattar N. Metabolic syndrome and incident diabetes: current state of the evidence. Diabetes Care.
2008;31(9):1898–1904. https://doi.org/10.2337/dc08-0423.
Ley SH, Harris SB, Mamakeesick M, et al. Metabolic syndrome
and its components as predictors of incident type 2 diabetes
mellitus in an Aboriginal community. CMAJ. 2009;180(6):
617–624. https://dx.doi.org/10.1503%2Fcmaj.080972.
Selvin E, Coresh J, Shahar E, Zhang L, Steffes M, Sharrett
AR. Glycaemia (hemoglobin A1c) and incident ischemic
stroke: the Atherosclerosis Risk in Communities (ARIC)
Study. Lancet Neurol. 2005;4(12):821–826. https://doi.
org/10.1016/s1474-4422(05)70227-1.
Kaplan NM. The deadly quartet: Upper-body obesity,
glucose intolerance, hypertriglyceridemia and hypertension. Arch Intern Med. 1989;149(7):1514–1520. https://doi.
org/10.1001/archinte.149.7.1514.
Liese AD, Mayer-Davis EJ, Haffner SM. Development of
the multiple metabolic syndrome: an epidemiologic perspective. Epidemiol Rev. 1998;20(2):157–172. https://doi.
org/10.1093/oxfordjournals.epirev.a017978.
Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus and its complications. Diagnosis
and classification of diabetes mellitus provisional report of a
WHO consultation. Diabet Med. 1998;15(7):539–553. https://
doi.org/10.1002/(sici)1096-9136(199807)15:7%3C539::aiddia668%3E3.0.co;2-s.
Erkelens DW, de Bruin TW, Caberaz M. Tulp syndrome. Lancet. 1993;342(8886–8887):1536–1537. https://doi.org/10.1016/
S0140-6736(05)80093-5.
Enzi G, Busetto L, Inelmen EM, et al. Historical perspective:
Visceral obesity and related comorbidity in Joannes Baptista
Morgagni’s ‘De sedibus et causis morborum per anatomen
indagata’. Int J Obes Relat Metab Disord. 2003;27(4):534– 535.
https://doi.org/10.1038/sj.ijo.0802268.
Kylin E. Studien über das Hypertonie–Hyperglykamie–
Hyperurikämiensyndrom. Z Inn Med. 1923;44:105–127 [in
German].
Węgierko J. The practical importance of dividing diabetes into its individual forms. Pol Arch Med Wewn. 1955;25:
791–797 [in Polish].
Vague J. The degree of masculine differentiation of obesities: A factor determining predisposition to diabetes, atherosclerosis, gout, and uric calculous disease. Am J Clin Nutr.
1956;4(1):20–34. https://doi.org/10.1093/ajcn/4.1.20.

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Reaven G. Role of insulin resistance in human disease.
Diabetes. 1988;37(12):1595–1607. https://doi.org/10.2337/
diab.37.12.1595.
Reaven G. The metabolic syndrome: Requiescat in pace.
Clin Chem. 2005;51(6):931–938. https://doi.org/10.1373/
clinchem.2005.048611.
Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus and its complications. Diagnosis
and classification of diabetes mellitus provisional report of
a WHO consultation. Diabet Med. 1998;15:539–553. https://
doi.org/10.1002/(sici)1096-9136(199807)15:7%3C539::aiddia668%3E3.0.co;2-s.
Balkau B, Charles MA, Drivsholm T, et al.; European Group
for the Study of Insulin Resistance (EGIR). Frequency of
the WHO metabolic syndrome in European cohorts, and
an alternative definition of an insulin resistance syndrome.
Diabetes Metab. 2002;28(5):364–376.
Grundy SM. Metabolic syndrome pandemic. Arterioscler Thromb Vasc Biol. 2008;28(4):629–636. https://doi.
org/10.1161/ATVBAHA.107.151092.
Kassi E, Pervanidou P, Kaltsas G, Chrousos G. Metabolic
syndrome: Definition and controversies. BMC Med. 2011;
9(48):1–13. https://doi.org/10.1186/1741-7015-9-48.
Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults. Executive summary of
the third report of the National Cholesterol Education Program (NCEP) expert panel on detection, evaluation, and
treatment of high blood cholesterol in adults (Adult Treatment Panel III). J Am Med Assoc. 2001;285(19):2486–2497.
https://doi.org/10.1001/jama.285.19.2486.
National Institutes of Health, National Heart, Lung, and
Blood Institute, NHLBI Obesity Education Initiative, North
American Association for the Study of Obesity. The Practical
Guide: Identification, Evaluation, and Treatment of Overweight
and Obesity in Adults. NIH Publication. 2000;10(4084):1–94.
Einhorn D, Reaven GM, Cobin RH, et al. American College
of Endocrinology position statement on the insulin resistance syndrome. Endocr Pract. 2003;9(3):237–252.
Alberti KGM, Zimmet P, Shaw J; IDF Epidemiology Task
Force Consensus Group. The metabolic syndrome – a new
worldwide definition. Lancet. 2005;366(9491):1059–1062.
https://doi.org/10.1016/S0140-6736(05)67402-8.
American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care. 2004;27(suppl 1):
s5–s10. https://doi.org/10.2337/diacare.27.2007.S5.
Grundy SM, Cleeman JI, Daniels SR, et al.; American Heart
Association; National Heart, Lung, and Blood Institute. Diagnosis and management of the metabolic syndrome. An American Heart Association/National Heart, Lung, and Blood Institute Scientific Statement. Circulation. 2005;112(17):2735–2752.
https://doi.org/10.1161/circulationaha.105.169404.
Alberti KG, Eckel RH, Grundy SM, et al. Harmonizing the
metabolic syndrome: A joint interim statement of the International Diabetes Federation Task Force on Epidemiology
and Prevention; National Heart, Lung, and Blood Institute;
American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation. 2009;120(16):
1640–1645. https://doi.org/10.1161/circulationaha.109.192644.
Reaven GM. The metabolic syndrome: Time to get off the
merry-go-round? J Intern Med. 2011;269(2):127–136. https://
doi.org/10.1111/j.1365-2796.2010.02325.x.

249
28

29

30

31

32

33

Pol Ann Med. 2020;27(2):244–249

Ford E. Risks for all-cause mortality, cardiovascular disease,
and diabetes associated with the metabolic syndrome: A summary of the evidence. Diabetes Care. 2005;28(7):1769–1778.
https://doi.org/10.2337/diacare.28.7.1769.
Wu HW, Liu Z, Ho SC. Metabolic syndrome and all-cause
mortality: A meta-analysisof prospective cohort studies. Eur
J Epidemiol. 2010;25(6):375–384. https://doi.org/10.1007/
s10654-010-9459-z.
Stefanowicz-Rutkowska M, Myszka-Podgórska K, Matuszewski W, Baranowska A, Modzelewski R, Bandurska-Stankiewicz E. A new look at the polycystic ovary
syndrome. Pol Ann Med. 2019;26(1):60–65. https://doi.
org/10.29089/2017.17.00049.
Zachariah J, Quiroz R, Nelson K, et al. Prospective relation of
circulating adipokines to incident metabolic syndrome: The
Framingham heart study. J Am Heart Assoc. 2017:6(7):e004974.
https://dx.doi.org/10.1161%2FJAHA.116.004974.
Kumari R, Kumar S, Kant R. An update on metabolic
syndrome: Metabolic risk markers and adipokines in
the development of metabolic syndrome. Diab Met Syn
Res Rev. 2019;13(4):2409–2417. https://doi.org/10.1016/j.
dsx.2019.06.005.
Xu K, Zhu HJ, Chen S, et al. Fat-to-muscle ratio: A new anthropometric indicator for predicting metabolic syndrome
in the Han and Bouyei populations from Guizhou Province,
China. Biomed Environ Sci. 2018;31(4):261–271. https://doi.
org/10.3967/bes2018.034.

34

35

36

37

38

39

Kurinami N, Sugiyama S, Yoshida A, et al. Correlation of
body muscle/fat ratio with insulin sensitivity using hyperinsulinemic-euglycemic clamp in treatment-naïve type 2
diabetes mellitus. Diabetes Res Clin Pract. 2016;120:65–72.
https://doi.org/10.1016/j.diabres.2016.07.018.
Ramírez-Vélez R, Correa-Bautista J, Sanders-Tordecilla A,
et al. Percentage of body fat and fat mass index as a screening tool for metabolic syndrome prediction in Colombian
University students. Nutrients. 2017;9(9):1009. https://doi.
org/10.3390/nu9091009.
Sreckovic B, Sreckovic D, Soldatovic I, et al. Homocysteine is a marker for metabolic syndrome and atherosclerosis. Diabetes Metab Syndr. 2017;11(3):179–182. https://doi.
org/10.1016/j.dsx.2016.08.026.
Simmons R, Alberti G, Gale E, et al. The metabolic syndrome: Useful concept or clinical tool? Report of a WHO
Expert Consultation. Diabetologia. 2010;53(4):600–605.
https://doi.org/10.1007/s00125-009-1620-4.
Kahn R, Buse J, Ferrannini E, et al. The metabolic syndrome:
Time for a critical appraisal: Joint statement from the American Diabetes Association and the European Association for
the Study of Diabetes. Diabetes Care. 2005;28(9):2289–2304.
https://doi.org/10.2337/diacare.28.9.2289.
Chaychenko T. Risk related cardiovascular changes in metabolically healthy obese adolescents. Pol
Ann Med. 2016;23(2):87–91. https://doi.org/10.1016/j.
poamed.2016.01.006.

