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ABSTRACT

Obesity and the metabolic syndrome caused by it constitute one of the biggest health issues of the 21st
century. However, a problem of “a concealed form of obesity” — metabolic obesity with a normal body
weight, which manifests clinically through the occurrence of metabolism disorders related to obesity
among people with a normal body mass index — was pointed out in the 1980s. This affliction entails simi-
lar health consequences and causes many more problems in diagnosis and early treatment because a lack
of obesity does not make doctors search for the traits of metabolic syndrome among seemingly healthy
patients. The aim of this study is to present a proposition of diagnostic criteria for this disease in the his-
torical perspective and to consider the possibilities of their use in everyday clinic practice.
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Introduction

The obesity and metabolic syndrome related to it
constitute one of the biggest health threats of the
21st century. For many centuries, researchers have
been searching for the reason for this issue and,
first of all, for effective treatment methods. Howev-
er, it was noticed in the 1980s that excessive body
mass cannot be a basis for the development of all
troubles related to metabolic syndrome. A concept
of a metabolically obese normal weight (MONW)
was created. This occurs among people with an
appropriate Body Mass Index (BMI) value and is
typified by a combination of metabolism disorders
characteristic for obese people with metabolic
syndrome. Taking into consideration the fact that
in the population of "healthy people”, the percent-
age of the total number of MONW subjects may
concern even up to 30%, some efforts were under-
taken in order to identify this disease [1].
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The first criteria for identification of metabol-
ic syndrome among non-obese people was pro-
posed in 1998 by Rudermann et al. [1]. A system
composed of 22 traits was created on the basis
of the analysis of earlier research. Each of them
was marked with a numerical value (Table 1). The
Metabolically Obese Normal-Weight (MONW)
was supposed to be recognised when the sum
of those values reached 7 points. This system
seems to be easy to use in everyday practice,
although it requires the use of the results of bio-
chemical tests that are rarely conducted among
non-obese people [2].

Further criteria of the MONW diagnosis were
based on the indices of carbohydrate metabolism
disorders and insulin resistance, adipose tissue
content in the organism and also with the use of
the criteria of metabolic syndrome (Table 2).



Table 1. MONW identification criteria according to Ruderman et al. [2]

Examined parameter

Indicated abnormality

Number of points

25-27 kg/m? 2
BMI 23-25 kg/m? 1
Women Men
Waist circumference >76.2cm >91.4cm 2
71.1-76.2 cm 86.3-91.4cm 1

Weight gain after 18 years of age.

Weight gain after 21 years of age.

Interview concerning  >4kg
the body mass >8kg
>12kg
IFG
. Gestational diabetes
Glucose concentration 6T

Type 2 diabetes

100-150 mg/dl

Triglyceride

concentration >150 mg/d|

> 150 mg/dI + HDL < 35 mg/dI

Uric acid concentration > 8 mg/dl

125-140/85-90 mmHg

Blood pressure +140/90 mmHg

Ischemic heart disease < 60 year of age

Medical hist -
edical history Polycystic ovary syndrome

Ischemic heart disease < 60 year of age

High blood pressure < 60 year of age

Family history Hypertriglyceridemia

Type 2 diabetes, IGT

Low birth weight < 2 kg

Predisposing factors

Low physical activity < 90 min. of anaerobic exercise/week.

NINWWININBARIWIN = INWIN = ABRWNWN|—

High-risk ethnic group

—_
|
w

IFG — impaired fasting glucose; IGT — impaired glucose tolerance; HDL - HDL-cholesterol fraction

Carbohydrate metabolism and
insulin resistance

The problem of MONW's characteristics was
elaborated by Dvorak's team. He defined MONW
on the basis of a BMI below 26.3 kg/m with co-ex-
isting insulin resistance (determined by means of
the euglycemic clamp technique). The glucose
utilisation at a level of 8 mg/min/kg of the Fat Free
Mass (FFM) was adopted as the boundary value
[3]. A disadvantage of this method is a necessity
of carrying out the euglycemic clamp technique
examination, which is technically difficult and
labour intensive, thereby unsuitable as a tool to be
applied in everyday practice [4]. The next attempts
aimed at identification of the above-mentioned
disorder were undertaken by Molero-Conejo et al.
who proposed the recognition of MONW based on
body mass index values below 27 kg/m?, ipso fac-
to, taking into consideration slightly overweight
people and a fasting insulin concentration above
84 mmol/I [5]. The MONW diagnosis proposed by

Goodpaster et al. was based on the same con-
cept. It adopted BMI values below 25 kg/m?* and
the co-existence of impaired glucose tolerance
evaluated by means of an Oral Glucose Tolerance
Test (OGTT) and, as a result, making these criteria
more realistic to use in everyday practice [6]. An
equally simple method was proposed by Canus
et al. who recognised MONW on the basis of the
same BMI values and the Homeostasis Model
Assessment (HOMA) insulin resistance index
above 1.69 [7]. It is quite strict criterion because
in customary assessment, insulin resistance is
recognised only at the value of 2.5. The authors
considered though that among people with a nor-
mal body mass, we can observe a clinically signif-
icant reduction of the tissue's sensitivity to insu-
lin already in the case of much lower values [4]. It
is also worth mentioning a proposal of Succurro
et al. who, just like his predecessors, assessed
the BMI, although they introduced a new index
— Mg, — indicating an average glucose infusion
rate within the last 60 minutes of the examination
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Table 2. MONW recognition criteria according to other authors [4-18, 20, 22-25]

Year Author
1999 Dvorak et al.
2003 Molero-Conejo et al.
2003 Goodpaster et al.
2003/2004 Katsuki et al.
2004 Conus et al.
2004 St. Onge et al.
2006 De Lorenzo et al.

Other criteria
Glucose concentration < 8 mg/min/kg FFM in euglycemic clamp
Insulin concentration 84 mmol/| (fasting)
Incorrect OGTT
Fat tissue in CT > 100 cm’
HOMA > 1.69
Metabolic syndrome criteria according to the NCEP/ATP lI
Percentage of fat tissue > 30%
Two or more of the following abnormalities:
1. High blood pressure
>130/85 mmHg
Hypertension in treatment
2. Higher TG concentration:
> 1.7 mmol/I
3. Reduced HDL level:
M: < 1 mmol/I
W:< 1.3 mmol/I
treatment of this disorder.
4. Higher glucose concentration:
FG = 6.1 mmol/I
Therapy with medicines reducing the glucose level in blood.
5. Insulin resistance
HOMA >5.13
6. Generalised inflammation:
hsCRP > 0.1 mg/I
Percentage of fat tissue < the 95th percentile depending on sex and age
or fat mass index > 8.3 kg/m” for men, 11.8 kg/m? for women
My < 10.2 mg/min. x kgFFM
Percentage of fat tissue
> 33.3% among women
> 23.1% among men
Percentage of fat tissue:
> 35% among women
> 20.8% among men
+ Wildman's criteria
Percentage of fat tissue
> 30% among women
2 20% among men
Metabolic syndrome criteria according the IDF
Sum of values of measurement of fold above the scapula and triceps
muscle > the 90th percentile for a given sex or a percentage of fat tissue:
>30% among women
>23% among men
Ferritin level
>127.03 ng/ml for women
>46.87 ng/ml for men
TyG value
> 8.73 for women
> 8.82 for men
Metabolic syndrome criteria according the IDF

BMI criterion
< 26.3 kg/m’
<27 kg/m?
<25 kg/m*
< 25 kg/m?
<25 kg/m’
<27 kg/m’
<25 kg/m’

2008 Wildman et al. <25 kg/m?

2008 Marques-Vidal etal. <25 kg/m?

2008 Succurro et al. < 25 kg/m’

2010 Romero-Corral etal. <25 kg/m?

2012 Sheaet al. <25 kg/m?

2012 Kim et al. <25 kg/m*

2012 Choi et al. < 25 kg/m*

2013 Madeira et al. <25 kg/m*

2015 Kim et al. <25 kg/m*

2015 Leeetal. <25 kg/m’

2016 Gali¢ et al. <25 kg/m*

the organism. As their predecessors did, they
adopted a BMI below 25 kg/m? as the indicative
parameters, but they took into consideration the
abdominal FM determined by means of com-
puted tomography. The deposit of abdominal

by the euglycemic clamp technique expressed in
mg/min x kg FFM [8].

Fat mass content
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Other diagnostic criteria were proposed by Kat-
suki et al. who initiated a view on the non-obese
patients through the Fat Mass (FM) content in
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FM above 100 cm? was adopted as the boundary
value [9-11]. However, the execution of computed
tomography entails high costs and the exposure



of the patient to ionizing radiation, which excludes
this method from use in everyday practice. In
turn, de Lorenzo et al. assumed that in order to
recognise the Normal Weight Obese (NWO), it
is necessary to determine the BMI value within
the limits of 18—25 kg/m? and the FM content in
the organism over 30% determined by means of
dual energy x-ray absorptiometry (DXA). Admit-
tedly, it is a safer and cheaper method, but it is
still insufficiently available to be used on a daily
basis [12]. The same methods were used by next
researchers, adopting however different cut-off
points. Romero-Corral et al. considered the FM
level above 33.3% for women and 23.1% for men
as increasing the risk of cardiovascular diseas-
es [13]. Similarly, Shea et al. adopted the values
of 35% FM for women and 20.8% FM for men as
boundary values. They introduced though an
additional criterion consistent with the Wildman's
diagnostic criteria presented below [14, 15]. Kim
et al. also considered 30% FM value for women
and 20% FM value for men as decisive, initiating
the use of the measurement of FM content in the
organism by the method of bioimpedance, which
is a far more available and cheaper technique as
compared to the DXA [16]. Marques-Vidal et al.,
while assessing the frequency of NWO occur-
rence in a population of the Swiss, were guided
by the FM content over the 95th percentile or the
value of the Fat Mass index (%FM and BMI ratio) =
8.3 kg/m? for men and 11.8 kg/m? for women [17].
Madeira et al. were assessing the thickness of
a fold above the scapula and triceps muscle, rec-
ognising those people among whom the sum of
these values was above the 90th percentile as the
NWO persons. Alternatively, they were assessing
the percentage of FM in the organism, applying
the limit of 30% for women and 23% for men [18].

Metabolic syndrome criteria

Metabolic syndrome criteria were used for the
first time in the MONW diagnosis by St. Onge et
al. who proposed an assessment of people with
a BMI below 27 kg/m?* according to the criteria
of the National Cholesterol Education Program
Adult Treatment Panel 1l (NCEP ATP lIl), which
assumes the co-existence of at least three of five
of the following disorders:

> waist circumference above 102 cm among

men and 88 cm among women;

» triglycerides concentration in serum over 1.7
mmol/I;
> concentration of HDL fraction cholester-

ol below 1.3 mmol/l among men and below

1.03 mmol/l among women;
> blood pressure over 130/85 mmHg;

»  fasting glucose concentration over 6.1 mmol/I

[19, 20].

In turn, in order to identify the MONW people,
Wildman et al. used the criterion of a BMI below
25 kg/m?, considering the co-existence of two or
more metabolic abnormalities from their own list
as the occurrence of metabolism disorders:
> higher level of blood pressure;
> lipid profile disorders, including a higher triglyc-

erides level and reduced HDL cholesterol level;
» higher fasting glucose concentration;
> insulin resistance (HOMA > 5.13);
> generalised inflammation (hsCRP (high- sen-

sitivity C Reactive Protein) > 0.1 mg/l);
» or treatment of the above-mentioned disor-

ders [15].

A Korean researcher Choi et al. also used the
BMI below 25 kg/m? in the diagnosis of MONW,
and they used criteria of the recognition of met-
abolic syndrome proposed by the International
Diabetes Federation (IDF), considering the co-ex-
istence of three or more of the following issues as
an abnormality:
> waist circumference = 90 cm among men and

= 80 cm among women (for the Korean popu-

lation);

> blood pressure = 130/85 or recognised hyper-
tension;

> hypertriglyceridemia = 1.7 mmol/|;

> reduced HDL cholesterol level among wom-
en < 1.3 mmol/l, among men < 1.0 mmol/l or
treatment in order to increase its level;

» fasting hyperglycemia = 6.1 mmol/l or recogn-

ised type 2 diabetes [21, 21].

Identical criteria were adopted in this year's
research by Gali¢ et al. [23].

Other parameters

In the literature in the area of the diagnosis of
metabolic syndrome with normal body weight, we
can also find proposals of the use of other index-
es — including biochemical. Among others, an
additional correlation between the occurrence of
MONW and ferritin concentration in blood serum
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over 127.03 ng/ml for women and 46.87 ng/ml
for men was stated [24]. A positive correlation
is observed also with the TyG index value (con-
centration of triglycerides x fasting glucose/2)
over 8.73 for women and 8.82 for men [25]. These
parameters may be used to an early MONW rec-
ognition in the future.

Conclusions

It results from the short overview concerning
the criteria of the diagnosis of MONW that the
constant diagnostic element adopted by all the
authors is the Body Mass Index (BMI). However,
there is no common agreement on the boundary
value for increased body mass (range from 23
to 27 kg/m?). In terms of assessment of metabo-
lism disorders, the majority of researchers draw
attention to carbohydrate metabolism or insulin
resistance recognised on the basis of various cri-
teria. The others considered the content and dis-
tribution of fat tissue in the body as the basis for
the MONW recognition [9-18]. The researchers
centred around Rudermann consider metabolism
disorders, i.e. higher triglyceride content, reduced
HDL cholesterol level, higher blood pressure [2,
15, 20, 22, 23] and generalised inflammation [15]
as crucial. It is worth noting that the first crite-
ria (Table 1) also took into consideration a high-
er uric acid concentration, body mass gain as an
adult, predisposing medical history and family
factors, while the most recent studies suggest
a correlation between the occurrence of MONW
and the ferritin level and TyG index [24, 25].

To sum up, despite a great deal of research
conducted so far, it seems necessary to set up
a group of experts in order to prepare uniform
guidelines that will be applicable in everyday
clinical practice.
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