
decrease in the basal metabolism (RMR), body
fat mass increasing and total water amount.
Possession of wild type homozygotes geno-
types regarding IL-15Rαα cytokine and 677C→→T
MTHFR enzyme characterised NWO individuals.
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Introduction

The World Health Organization (WHO) de-
fines obesity as an excessive accumulation of fat
to an extent that health may be impaired1. Central
obesity is a major contributor to the development
of metabolic syndrome (MS), which has been de-
fined as the cluster of cardiovascular disease risk
factors such as dyslipidaemia, hypertension, glu-
cose intolerance and hyperinsulinaemia2. The
term “metabolic syndrome” has been defined and
institutionalized, principally by the World Health
Organization (WHO)3 and the Third Report of
the National Cholesterol Education Program’s
Adult Treatment Panel (ATPIII)4,5. Ample data
show that the presence of the metabolic syn-
drome may be effective in predicting the future
risk of cardiovascular disease (CVD), although
questions about how clear is the existing defini-
tion of the metabolic syndrome for diagnostic
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Abstract. – We have identified a subset of
metabolically obese, but normal weight individu-
als, with potentially increased risks of develop-
ing the metabolic syndrome, despite their nor-
mal body mass index. We determined the rela-
tionship among body fat distribution, resting
metabolic rate (RMR), total body water amount
(%TBW), selected gene polymorphism on inter-
leukin-15 receptor-alpha (IL-15Rαα) and methyl-
enetetrahydrofolate reductase 677C→→T (MTHFR
677C→→T), to distinguish normal weight obese
(NWO) from nonobese with a normal metabolic
profile and obese individuals. We analysed an-
thropometric variables, body composition by
Dual energy X-ray Absorptiometry (DXA), RMR
by indirect calorimetry, %TBW by bioimpedence
analysis (BIA), MTHFR 677C→→T and IL-15Rαα
genotypes of 128 clinically healthy Caucasian
individuals.

We compared a group of female, defined as
NWO and characterised by a BMI ≤ 25 kg/m2 and
FM ≥ 30% with groups of others female, and
males, represented by nonobese with a BMI ≤ 25
kg/m2 and FM ≤ 30%, and preobese-obese indi-
viduals with BMI ≥ 25 kg/m2 and %FM ≥ 30%;
none of the males was classified as NWO.

Significant correlations were found among
body fat mass distribution, metabolic vari-
ables, percentage of total body water distribu-
tion and selected genetic variations. The vari-
ables that contributed significantly to the sep-
aration of classes were body tissue (Tissue),
%TBW, RMR, the volumes of both oxygen (VO2)
and carbon dioxide (VCO2). The distribution of
MTHFR 677C→→T and IL-15 genotypes was signif-
icantly different between classes.

Our data highlight that NWO individuals
showed a significant relationship between the
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purposes are still opened. For example, microal-
buminuria is listed in the WHO criteria but not in
the ATP III; insulin resistance (as measured un-
der hyperinsulinemic-euglycemic conditions) is
relevant for WHO but not for ATP III, and while
only an elevated fasting plasma glucose value is
considered important in the ATP III definition,
the WHO criteria recognize any measure whatso-
ever of insulin resistance6,7. According to current
data, no review of the clinical evidence for inclu-
sion or exclusion criteria for either of the two de-
finitions of the syndrome has been published to
date. However, there are a large body of evidence
documenting the relationship between CVD risk
and MS, diagnosed by either the ATP III or
WHO definition or by their modifications6,7. 

In 2001, the National Cholesterol Education
Program (NCEP) defined the criteria to diagnose
MS3. The three or more of the following risk
components are necessary: (1) waist circumfer-
ence greater than 1.02 m for men and 0.88 m for
women, (2) triglyceride (TG) levels of 150 mg/dl
or more, (3) high density lipoprotein cholesterol
(HDL-chol) levels less than 40 mg/dl for men
and less than 50 mg/dl for women, (4) blood
pressure of 130/85 mmHg or higher, (5) fasting
glucose levels of 110 mg/dl or more. To date,
three subtypes of obese individuals have been in-
dividualized: “at risk” of obesity with MS; meta-
bolically healthy but obese individuals (MHO);
metabolically obese but normal weight individu-
als (MONW)8-11. MONW represent a subset of
individuals who have body mass index (BMI) of
18-25 kg/m2, but display an excess of visceral
fat11,12 and a cluster of metabolic characteristics
that may increase the development of MS. Inter-
estingly, there is a group where genetic factors
predispose to insulin resistance, dyslipidaemia,
hypertension and cardiovascular diseases, as not-
ed in syndrome X13,14.

Methylenetetrahydrofolatereductase (MTHFR)
is an important regulatory enzyme in the one car-
bon metabolism, because catalyzes the irre-
versible reduction of 5,10-methylenetetrahydro-
folate (5,10-methyleneTHF) to 5-methyltetrahy-
drofolate (5-methylTHF) which serves as methyl
donor for methionine, precursor of S-adenosyl-L-
methionine (SAM)15. MTHFR activity is modu-
lated by common polymorphism in the MTHFR
gene, the C to T substitution at position 677 (ala-
nine to valine), that encodes for a thermolabile
variant with a reduced enzymatic function16. The
alanine to valine mutation is known to cause
lower levels of circulating folate and is postulat-

ed to lead to an accumulation of 5,10-methyl-
eneTHF. Variant homozygous genotype affects
genomic DNA methylation through an interac-
tion with folate status17 and it is associated with
elevation in plasma homocysteine levels17-20.
These metabolic changes are postulated to modi-
fy the risk of chronic diseases, including cardio-
vascular disease21-24, colorectal cancer25-28, and
the risk of neural tube defects and dementia29,30.
The metabolic basis for these observations has
not been definitively established but may relate
to the role of folate in nucleotide biosynthesis,
DNA methylation15 and/or maintenance of nor-
mal homocysteine concentration20-24. Therefore,
the association of MTHFR 677C→T mutation
with body composition and metabolism permits a
further assessment of the role of folate levels in
CVD risk in pre-obese and obese individuals, as
in metabolically obese individuals.

One of the important key developments in
obesity research over the past 5 years is the
recognition that the disorder is characterised by
chronic mild inflammation32-34. Several data indi-
cated that there is an increased circulating level
of inflammatory cytokines in the obese, given the
observation that adipose tissue expresses and se-
cretes a number of inflammation-related proteins,
although, documenting the quantitative impor-
tance of adipose tissue to the circulating levels is
difficult6. Systemic inflammation, in part via in-
adequately regulated pro-inflammatory cytokine,
underlies autoimmunity, exacerbates presenile
dementia, and promotes atherosclerosis. Athero-
sclerosis, an underlying cause of myocardial in-
farction, stroke, and other cardiovascular dis-
eases, consists of a focal plaques characterized
by cholesterol deposition, fibrosis and inflamma-
tion34. The presence of activated T lymphocytes
and macrophages indicate a local immunologic
activation in the atherosclerotic plaque that may
be secondary to regulated pro-inflammatory cy-
tokine too35. Interleukin-15 (IL-15) is a cytokine
first identified in the supernatant of monkey ep-
ithelial cell line CV-1/EBNA as a factor that en-
hanced the antitumor response36,37. IL-15 is re-
leased from skeletal muscle to control fat deposi-
tion, white adipose tissue growth and mass, and
it could play a decisive role in the suggested
“conversation” between adipose tissue and skele-
tal muscle38. IL-15 seems to be involved in facili-
tating muscle proliferation and promoting fat de-
pletion38. It has been speculated that a reciprocal
balance of adipose and muscle-produced signals
is necessary for a perfect body weight regulation:
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there are some evidences that the effects of IL-15
on white adipose tissue may be direct since the
presence of IL-15 specific receptor subunit IL-
15Rα detected in fat tissue (data not shown).

Recently, De Lorenzo et al39,40, have described
the normal weight obese (NWO) syndrome,
called De Lorenzo syndrome, as a new syndrome
present in young women, characterised by a par-
ticular body composition and presence of high
values in CVD risk indexes. The purpose of this
study was to define early indicators of disease as
significant prognostic parameters for metabolic
syndrome risks. We assessed whether MTHFR
and IL-15 mutations were related to body com-
position, evaluating the relationships among
body mass index, body fat mass percentage, rest-
ing metabolic rate and total body water percent-
age, in subject carrying NWO syndrome. 

Participants and Methods

Participants
This study was comprised of 128 Caucasian

subjects, subdivided into females (105) and
males (23). Among the females, 35 were classi-
fied as NWO (BMI = 22.94 ± 1.38 kg/m2 and
FM% = 38.80 ± 6.1); 35 age-matched pre obese-
obese (BMI 30.10 ± 5.75 kg/m2 and FM% =
52.95 ± 5.01) and 35 nonobese age-matched
women (BMI 20.33 ± 1.96 kg/m2 and FM% =
20.01 ± 4.33). None of the males was age-
matched NWO; 13 were pre obese-obese (BMI
30.10 ± 5.75 kg/m2 and FM% = 52.95 ± 5.01)
and 10 nonobese (BMI 20.33 ± 1.96 kg/m2 and
FM% = 20.01 ± 4.33).

None of the individuals had impaired either
glucose tolerance and diabetes or clinical history
of CDV risks. No individuals were taking any
medication. Participants were randomly selected
among all the participants to the studies on the
basis of body composition and energy metabo-
lism at the Unit of Human Nutrition of Tor Ver-
gata University (Rome, Italy).

Informed consent was obtained from all the
participants before the beginning of the study, ac-
cording to Medical Ethics Committee Guidelines
of the University.

Anthropometric Measurements
We measured anthropometric variables of all

participants according to standard methods41. In-
dividuals were instructed to remove their shoes

and undress before any measurements were tak-
en. Body weight (kg) was measured to the near-
est 0.1 kg, using a balance scale (Invernizzi,
Rome, Italy). Height (m) was measured using a
stadiometer to the nearest 0.01 m (Invernizzi,
Rome, Italy). Two circumferences (waist and
hip) were measured to the nearest 0.05 m using a
flexible steel metric tape. Abdominal circumfer-
ence was defined as the horizontal distance
around the abdomen at the umbilicus. Hip cir-
cumference (H) was measured as the distance
passing horizontally through the two superior ili-
ac bones. Body mass index (BMI) was calculated
using the formula: BMI = body weight
(kg)/height (m2).

Bioelectrical Impedance Analysis (BIA)
Resistance, reactance, impedance and phase

angle at 50 kHz frequency were measured using
a BIA phase sensitive system (BIA 101S, Ak-
ern/RJL Systems-Florence, Italy). Body compo-
sition analysis was assessed with estimates of fat
mass (FM), free mass (FM), total body water
(TBW). Measurements were taken on left side of
the body, with injection and sensor electrodes
placed on the hand and foot in reference position.
To calculate %TBW, it was used the formula ac-
cording to De Lorenzo et al42. Percent fat mass
(%FM) was also calculated43.

Dual X-ray Absorptiometry (DXA)
Total body composition was assessed by dual-

energy x-ray absorptiometry (DXA) (Lunar DPX
– Florence, Italy). Standard DXA quality control
and calibration measures were performed prior to
each testing session. Individuals were required to
remove all clothing including shoes, socks and
jewels except undergarments, prior to being posi-
tioned on the DXA table. Scans were performed
with individuals in a supine position. The entire
body was scanned beginning from the top of the
head and moving in a rectilinear pattern. Mean
measurement time was 15 min. Radiation expo-
sure was < 8 µSv.

Resting Metabolic Rate 
(RMR) Measurement

Resting Metabolic Rate (RMR) was measured
by indirect calorimetry after a 12 hr fast. The
volumes of both oxygen (VO2) and carbon diox-
ide (VCO2) were measured using a canopy sys-
tem for 30 minutes (Sensormedic 2900, Califor-
nia, USA). The first 10 min was considered a pe-
riod of acclimatisation, while the latest 20 min
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were used for analysis. RMR was calculated
from oxygen consumption and carbon dioxide
production according to Weir’s equation44:

RMR = 1.44 × [3.91 × VO2 (ml) +
1.106 × VCO2 (ml)]

For the calculation of RMR, only data of indi-
viduals with seemingly steady-state conditions
(i.e. VO2 and VCO2 did not vary more than 5%
from the mean value of the 20 min measurement
period) were used.

Individuals were instructed to drink only wa-
ter, consume no alcohol, no proteins for 12 hrs
before testing and refrain from smoking and en-
gaging in physical activities for 24 hrs before
testing. Prior to the RMR measurements, individ-
uals were supine for 25-30 minutes in a quiet
room. All tests were performed on individuals
while in a supine position. Room temperature of
the room was set at an average of 22°C. For ad-
ditional quality control two different certified
oxygen/carbon dioxide gas mixtures (SIAD Ltd
Co, Rome, Italy) were used.

Basal Insulin
Serum insulin level (BI) was assayed using an

immunoenzymometric assay (Medgenix Ins-EA-
SIA, Biosource, Belgium).

Genetic Analysis
Genomic DNA was extracted from peripheral

whole blood using the QIAamp DNA Mini Kit
(Qiagen, Valencia, CA, USA).

MTHFR genotype. There are three MTHFR
677 genotypes: wild type homozygote (CC), vari-
ant heterozygote (CT), and variant homozygote
(TT). Genotyping for MTHFR 677C→T was as-
sessed by polymerase chain reaction, which was
followed by restriction enzyme analysis with Hinf
I, according to a modification of PCR-RFLP
method of Frosst et al16. Briefly, amplification
was performed using initial denaturation at 94°C
for 4 min followed by 29 cycles of 94°C for 1
min, 62°C for1 min, and 72°C for1 min with a fi-
nal extension at 72°C for 10 min. The buffer for
PCR reaction contained 2.5 mM MgCl2, 9.9 mM
Tris-HCl (pH 8.8), 50 mM KCl, 0.1% Triton-
X100, 0.50 µM deoxyribonucleotide triphosphate
(dNTPs), 1 U of Taq DNA polymerase, and 0.2
µM of each primers. The primer sequences are:

5’-TGAAGGAGAAGGTGTCTGCGGGA-3’
and 5’-AGGACGGTGCGGTGAAGATG-3’

IL-15 exon 5 intron-exon border (IL-15Rαα
IVS-5) genotype. Subjects were categorized as
exhibiting wild type homozygote AA, variant
heterozygote AG and variant homozygote GG
genotypes. The exon 5 intron-exon border vari-
ant (A to G), 20 bp from the border in intron 5
(SNP accession rs 3136618), was genotyped by
using the enzyme HpaII. The fragment contain-
ing HpaII site was amplified according to mod-
ified method by Riechman et al45. Amplifica-
tion was performed using initial denaturation at
94°C for 4 min followed by 34 cycles of 94°C
for 1 min, 50°C for1 min, and 72°C for 1 min
with a final extension at 72°C for 10 min. The
buffer for PCR reaction contained 2.5 mM Mg-
Cl2, 9.9 mM Tris-HCl (pH 8.8), 50 mM KCl,
0.1% Triton-X100, 0.50 µ M deoxyribonu-
cleotide triphosphate (dNTPs), 1 U of Taq
DNA polymerase, and, 0.2 µM of each primers.
The primer sequences are:

5’-ATCTGATGGAGGCCTTCTGAG-3’ and 5’-
GCTTCATGAGGAACTAGGACC-3’

Statistical Analysis
Descriptive values are expressed as mean ±

standard error (SE). Canonical discriminate
analysis, chi-square test of independence and
variance analysis were performed using the
SPSS statistical package (SPSS Chicago, IL).
A value of p < 0.05 was considered significant.

Results

Overall 128 Caucasian individuals were ex-
amined. The participants were classified as
nonobese, NWO and pre obese-obese individ-
uals according to the National Cholesterol
Education Program (NCEP) criteria4, on the
basis of their FM distribution using DXA,
adopting the percentage of FM as criteria of
classification. 

Due to a special interest in NWO, female sub-
jects showing a BMI ≤ 25 kg/m2 and FM ≥ 30%
were classified as NWO and indicated as F1
group; female nonobese showing a BMI ≤ 25
kg/m2 and FM ≤ 30%, and pre obese-obese indi-
viduals with BMI ≥ 25 kg/m2 and FM ≥30% were
indicated as F2 group. All males were represent-
ed by nonobese and obese subject. None of the
males subjects on the basis of their BMI and
%FM was recorded as NWO. 
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Descriptive characteristics of body composi-
tion variables and respiratory parameters were
compared among the two F1 and F2 groups
(Table I). The means of age, tissue body compo-
sition (Tissue), waist (W) and hip (H) circumfer-
ences, percent of total body water (%TBW), oxy-
gen consumption (VO2) and carbon dioxide
(VCO2) production, resting metabolic rate
(RMR), and basal insulin level (BI) were com-
pared. Significant differences (p < 0.05) were ob-
tained comparing parameters of NWO individu-
als with others. However, no significant differ-
ences between classes were observed for hip pa-
rameter. The mean values of all variables, with
the exception of %TBW in F2, were lower in F1

than F2 and males.
The frequency of MTHFR 677C→T geno-

types in females were shown in Table II. The dis-
tribution of MTHFR genotypes was significantly
different between classes F1 and F2. In particular
there was a strong decrease of variant homozig-
ote TT genotype corresponding to 4.2% in F1 as
compared to 28.8% in F2 and to 20.0 in males. 

Table III shows the frequency of IL-15Rα
(IVS-5) genotypes in females and males. The
distribution of IL-15 Rα (IVS-5) genotypes was
significantly different between classes. In partic-
ular, there was a strong decrease of GG genotype
in F1 down to 14.3% as compared to the 36.8%
in F2 group and to the 48.0% in males.

In Table IV we showed the result of a dis-
criminant analysis by method enter. Grouping
dependent variable was sex, RMR, %FM with
two categories: females with BMI ≤ 25 and
%FM > 30% (F1), other females (F2) and
males (M). Independent variables were repre-
sented by body, polymorphic and respiratory
parameters. For MTHFR 677C→T polymor-
phism we have considered two genotypic class-
es: TT and (CT+CC) and for IL-15Rα (IVS-5)
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Table I. Descriptive characteristics of body composition variables and respiratory parameters in female and male subjects.

Age Tissue W H %TBW VO2 VCO2 RMR BI

Females
F1

Mean 28.7 55.8 73.0 98.5 50.4 173.7 166.5 1.25 6.2
S.E. 1.4 0.9 1.3 1.1 0.6 4.3 4.2 0.03 0.8
F2

Mean 33.3 66.1 79.6 102.5 47.1 192.6 182.0 1.38 8.5
S.E. 1.4 1.9 1.7 1.9 0.7 3.7 3.3 0.02 0.8
Variance analysis 0.002 0.001 0.01 n.s. 0.001 0.003 0.007 0.002 0.056
(P)

Males
Mean 45 90.6 98.2 106.3 53.4 252.0 225.3 1.78 12.7
S.E. 2.3 0.4 4.2 2.2 0.9 13.1 12.3 0.09 3.4

Mean values of body and respiratory parameters in female and male subjects. Categories: F1 = NWO females with BMI ≤ 25
kg/m2 and FM > 30%; F2 = female nonobese with a BMI ≤ 25 kg/m2 and FM ≤ 30%, and preobese-obese individuals with BMI
≥ 25 kg/m2 and FM ≥ 30%. Males: all males subject nonobese and obese. None of the males subjects was recorded with a val-
ue of BMI ≤ 25 kg/m2 and FM > 30%. Parameters: age, Tissue = tissue body composition, W = waist and H = hip circumfer-
ences, %TBW = percent of total body water, VO2 = volume of oxygen consumption and VCO2 = volume of carbon dioxide
production, RMR=resting metabolic rate, BI = basal insulin level. SE = Standard Error.

Genotypes frequency (%)

CC CT TT

Females
F1 16.7 79.1 4.2
F2 16.9 54.3 28.8
Males 20.0 60.0 20.0

Table II. Genotypes frequency of MTHFR 677C→T vari-
ant in the studied population.

Chi square test of independence: CC vs CT vs TT geno-
types, (P) < 0.04; TT vs other genotypes (P) < 0.02. Cate-
gories: F1 = NWO females with BMI ≤ 25 kg/m2 and FM >
30%; F2 = female nonobese with a BMI ≤ 25 kg/m2 and FM
≤ 30%, and preobese-obese individuals with BMI ≥ 25
kg/m2 and FM ≥ 30%. Males: all males subjects nonobese
and obese. None of the males subject was recorded with a
value of BMI ≤ 25 kg/m2 and FM > 30%.
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polymorphism two genotypic classes: GG and
(AG+AA). Two significant discriminant func-
tions were identified. The first function sepa-
rates males from females. Tissue, %TBW, VO2,
VCO2 and RMR contribute significantly to sep-

aration. The second function separates the two
classes of females. Besides the variables con-
tributing to the first function, also MHTFR TT
genotype and waist contribute significantly to
separation. 

The results of a discriminant analysis by
method enter with two categories as dependent
variable were summarised in Table V: F2 and M.
Independent variables are body, respiratory and
polymorphic parameter. The variables contribut-
ing significantly to separation were: tissue,
%TBW, VO2,VCO2 and RMR.

Table VI shows the results of a discriminant
analysis by method enter with two categories
as dependent variable: F1 and M. Independent
variables were represented by body, respirato-
ry and polymorphic parameters. The variables
contributing significantly to separation were:
tissue, %TBW, VO2, VCO2, RMR and IL-
15Rα (IVS-5) GG genotype. Table VII shows
the results  of a discriminant analysis by
method enter with two categories as dependent
variable: F1 and F2. Independent variables were
the body, respiratory and polymorphic parame-
ters. The variables contributing significantly to
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Genotypes frequency (%)

AA AG GG

Females
F1 34.3 51.4 14.3
F2 23.5 39.7 36.8
Males 16.0 36.0 48.0

Table III. Genotypes frequency of IL-15Ra IVS-5 variant
in the studied population.

Chi square test of independence: AA vs AG vs GG geno-
types, (P) < 0.06; GG vs other genotypes (P) < 0.02. Cate-
gories: F1 = NWO females with BMI ≤ 25 kg/m2 and FM >
30%; F2 = female nonobese with a BMI ≤ 25 kg/m2 and FM
≤ 30%, and preobese-obese individuals with BMI ≥ 25
kg/m2 and FM ≥ 30%. Males: all males subjects nonobese
and obese. None of the males subject was recorded with a
value of BMI ≤ 25 kg/m2 and FM > 30%.

Function

1 2

Tissue 1.436 0.796
H -0.154 0.705
W 0.005 0.640
%TBW 1.402 0.884
VO2 3.178 -0.075
VCO2 1.446 0.421
RMR -4.294 -0.486
MTHFR (TT) -0.149 -0.716
IL-15Rα IVS 5 (GG) 0.067 0.262
Age 0.195 0.145

Independent variables: body, respiratory and polymorphic parameters. Dependent variable SEX, RMR, %FM. Categories:
F1 = NWO females with BMI ≤ 25 kg/m2 and FM > 30%; F2 = female nonobese with a BMI ≤ 25 kg/m2 and FM ≤ 30%,
and preobese-obese individuals with BMI ≥ 25 kg/m2 and FM ≥ 30%. Males: all males subject nonobese and obese. None
of the males subjects was recorded with a value of BMI ≥ 25kg/m2 and FM > 30%. Parameters: Tissue = tissue body com-
position, H = hip and W = waist circumferences, %TBW = percent of total body water, VO2 = volume of oxygen con-
sumption and VCO2 = volume of carbon dioxide, RMR = resting metabolic rate, MTHFR and IL-15Rα IVS 5 genotypes
TT and GG respectively, age.
Summary of Canonical Discriminant Functions

Function Eigen value % variance Canonical correlation χχ2 df p

1 3.738 93.8 0.89 150.240 20 < 0.001
2 0.249 6.2 0.45 18.790 9 < 0.03

Table IV. Discriminant analysis by method enter. Standardized Canonical Discriminant Function Coefficients.
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Function 1

Tissue 1.441
%TBW 1.603
VO2 2.046
VCO2 1.031
RMR -2.851
MTHFR (TT)  -0.260
IL-15Rα IVS 5 (GG) 0.058
Age 0.274

Independent variables: body, respiratory and polymorphic parameters. Dependent variable SEX, RMR, %FM. Categories:
F1 = NWO females with BMI ≥ 25 kg/m2 and FM > 30%; F2 = female nonobese with a BMI ≤ 25 kg/m2 and FM ≤ 30%,
and preobese-obese individuals with BMI ≥ 25 kg/m2 and FM ≥ 30%. Males: all males subjects nonobese and obese. None
of the males subjects was recorded with a value of BMI ≥ 25 kg/m2 and FM > 30%. 
Parameters: Tissue = tissue body composition, %TBW = percent of total body water, VO2 = volume of oxygen consump-
tion and VCO2 = volume of carbon dioxide, RMR = resting metabolic rate, MTHFR and IL-15Rα IVS 5 genotypes TT
and GG respectively, age.
Summary of Canonical Discriminant Functions

Function Eigen value % of variance Canonical correlation χχ2 df p

1 3.841 100 0.89 115.131 8 < 0.001

Table V. Discriminant analysis by method enter. Standardized Canonical Discriminant Function Coefficients.

Function

Tissue 1.131
%TBW 1.046
VO2 3.266
VCO2 1.079
RMR -4.121
MTHFR (TT) 0.193
IL-15Rα IVS 5 (GG) 0.385
Age 0.235

Independent variables considering body, respiratory and polymorphic parameters. Dependent variable SEX, RMR, %FM.
Categories: F1 = NWO females with BMI ≤ 25 kg/m2 and FM > 30%; F2 = female nonobese with a BMI ≤ 25 kg/m2 and
FM ≤ 30%, and preobese-obese individuals with BMI ≥ 25 kg/m2 and FM ≥ 30%. Males: all males subjects nonobese and
obese. None of the males subjects was recorded with a value of BMI ≤ 25 kg/m2 and FM > 30%.
Parameters: age, Tissue = tissue body composition, %TBW = percent of total body water, VO2 = volume of oxygen con-
sumption and VCO2 = volume of carbon dioxide production, RMR = resting metabolic rate, MTHFR and IL-15Rα IVS 5
genotypes TT and GG respectively.
Summary of Canonical Discriminant Functions

Function Eigen value % of variance Canonical correlation χχ2 df p

1 5.408 100 0.92 68.727 8 < 0.001

Table VI. Discriminant analysis by method enter. Standardized Canonical Discriminant Function Coefficients.
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separation between groups were the %TBW,
VO2, RMR, MTHFR (TT) genotype and IL-
15Rα (IVS-5) GG genotype. 

Discussion

Data from observational studies in general
populations indicate that the MTHFR 677C→T
polymorphism is associated with a lower folate
and a higher plasma total homocysteine concen-
tration, which is most pronounced in subjects
with the TT genotype who have a marginal folate
status46. These metabolic changes are associated
with an increased risk of chronic degenerative
disease such as CVD and cancer21-30.

IL-15 is a cytokine first identified as a factor
that enhances T-cell proliferation, NK cell cyto-
toxicity, and up-regulates the production of NK
cell-derived cytokines, including IFN-gamma,
GM-CSF, and TNF-alpha, and may protect T-
cells and neutrophils from apoptosis. Some au-
thors have proposed a very important anabolic
function for IL-15 in skeletal muscle as a stimu-
lator of muscle fibers accumulation, moreover
this cytokine seems to act as metabolic regula-
tor between skeletal muscle and adipose tissue.
In particular, the effect of IL-15 on adipose tis-

sue seem to be direct since the presence of the
three types of receptor subunits (IL-15Rα, IL-
2Rβ, and IL-2 Rγc) that has been demonstrated
in fat tissue37,38. Our study assessed both the
MTHFR C677T and IL-15Rα polymorphisms
and their possible joint effect in body composi-
tion and metabolic disorders. As described by
De Lorenzo et al39,40, the NWO syndrome in
young women is described by a particular body
composition, analysed by DXA according pre-
vious to De Lorenzo et al.47, and presence of
high values in CVD risk indexes. However, a
predictive evaluation based not only on anthro-
pometric and biochemical, but also by molecu-
lar biology methods may be usefully for a cor-
rect classification of these subjects. The analy-
sis in this paper showed that a considerable
number of subjects, with a classification of
NWO, present a significant and characteristic
genotype. 

This study suggests that body fat distribution,
RMR, %TBW amount and single nucleotide
polymorphism of IL-15Rα IVS-5 and MTHFR
677C→T mutations are associated to distinguish
NWO women from controls with a normal meta-
bolic profiles and obese individuals.

The first observation on this population of
128 subjects showing that no males subjects
with a BMI ≤ 25 kg/m2 and % FM ≥ 30% are

L. Di Renzo, M. Bigioni, F.G. Bottini, V. Del Gobbo, M.G. Premrov, R. Cianci, A. De Lorenzo

Function

Tissue 0.192
%TBW -0.445
VO2 -0.827
VCO2 -0.186
RMR 1.232
MTHFR (TT)  0.504
IL-15Rα IVS 5 (GG) 0.343
Age 0.051

Independent variables: body, respiratory and polymorphic parameters. Dependent variable SEX, RMR, %FM. Categories:
F1 = NWO females with BMI ≤ 25 kg/m2 and FM > 30%; F2 = female nonobese with a BMI ≤ 25 kg/mm2 and FM ≤ 30%,
and preobese-obese individuals with BMI ≥ 25 kg/m2 and FM ≥ 30%. Males: all males subject nonobese and obese. None
of the males subject was recorded with a value of BMI ≤ 25 kg/mm2 and FM > 30%. Parameters: age, Tissue = tissue body
composition, W = waist and H = hip circumferences, RMR = resting metabolic rate, %TBW = percent of total body water,
VO2 = volume of oxygen consumption and VCO2 = volume of carbon dioxide production, MTHFR and IL-15 IVS 5 geno-
types TT and GG respectively.
Summary of Canonical Discriminant Functions

Function Eigen value % of variance Canonical correlation χχ2 df p

1 0.252 100 0.45 16.620 8 < 0.03

Table VII. Discriminant analysis by method enter. Standardized Canonical Discriminant Function Coefficients.
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present and the NWO classification is a distinc-
tive characteristic of the 33.7% females sub-
jects. A second consideration, regarding the two
classes of females, is that in the NWO women
population there is a significant relationship
among the decrease in the basal metabolism,
body fat mass increasing and total water
amount. As indicated in the Table II, the mean
values of all variables, with the exception of
%TBW, are lower in NWO than in others, sug-
gesting that these descriptive characteristics of
body composition variables and respiratory pa-
rameters may be associated to a different geno-
type. The analysis of a common genetic variant
in the MTHFR gene involving a cytosine to
thymidine (C→T) transition at nucleotide 677,
showed a significant difference between NWO
individuals and the others. In particular, there is
a strong decrease of variant homozygous TT
genotype in NWO women compared to other
groups. A similar result is also obtained by IL-
15Rα IVS-5 polymorphism analysis, where the
variant genotype i.e. GG homozygous genotype
is significantly reduced in the NWO women.
Thus, regarding the NWO women we observe
in both genes a significant reduction in the vari-
ant homozygous genes, supporting that the
NWO phenotype is not associated with a variant
form of these genotypes, although a different
pattern of genetic polymorphism between NWO
and other subjects is found. On the basis of
these results a statistical analysis, performed ac-
cording to method enter, identified two func-
tions that contribute significantly to separate
different groups, in particular in the first func-
tion: tissue, %TBW, VO2, VCO2 and RMR con-
tribute significantly to separate males from fe-
males whereas in the second function the vari-
ables that contributing significantly to separa-
tion between the groups were: %TBW, VO2,
RMR, MTHFR 677C→T (TT) genotype and IL-
15Rα IVS-5 (GG) genotype.

The relationship between basal metabolism
and variant genotype is likely to be a complex bi-
ological sum of genetic and nutritional differ-
ences. Further studies will be performed to readi-
ly explain the association between MTHFR
677C→T (TT) and IL-15Rα IVS-5 (GG) geno-
types and these findings need to be re-evaluated
in future studies. On the basis of our analysis we
may consider two genotypic classes for MTHFR
677C→T polymorphism: (CC+CT) and TT and
two genotypic classes for IL-15 IVS-5 polymor-
phism: (AA+AG) and GG. Thus, as a whole

these results showed a significant relationship
between the NWO phenotype and possession of
wild type and heterozygous or mutated geno-
types associated with MTHFR enzyme and IL-
15Rα. 

Conclusion

As reported previously21, there were no geno-
type-specific Dietary Reference Intakes (DRI)
and up to now data are insufficient to conclude
that consumption of the current, Recommended
Dietary Allowance (RDA) for folate is sufficient
to maintain normal folate status in individuals
with the MTHFR 677C→T polymorphism.

To be noted that a limit of the present study is
the lacking of the folate and homocystein plasma
level in the studied subject, and further studies
will be performed addressing these questions.

However, it is important to have detailed in-
formation on the consequences of the different
genotypes in the basal metabolism and further
evaluation regarding body composition and vari-
ant genotypes will be necessary in the future, es-
pecially for the introduction of new molecular
assays in the clinical practice as diagnostic tools
and criteria other than body fat percentage for the
prevention and to avoid the misclassification of
obesity. 

In summary, the findings of the current study
indicate that on the basis of our analysis we may
consider two genotypic classes for MTHFR
677C→T polymorphism: (CC+CT) and TT and
two genotypic classes for IL-15Rα IVS-5 poly-
morphism: (AA+AG) and GG. Thus, as a whole
these results showed a significant relationship
between the NWO phenotype and possession of
wild type and heterozygous genotypes associated
with MTHFR enzyme and IL-15Rα.

In conclusion, these two polymorphisms might
be useful tools to predict disease risks related to
metabolic syndrome and obesity, and suggest the
importance to evaluate the adequacy of folate in-
take and influence of the MTHFR 677C→T
polymorphism on folate and homocysteine sta-
tus. This study provides data that may be impor-
tant in future revisions of the folate RDA. Treat-
ment with adequate amount of folate, in which
MTHFR genotype is considered, according the
potential effects of age and sex, might be impor-
tant in the prevention of NWO syndrome and re-
lated diseases.
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