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Prevalence of hyperinsulinism, type 2 diabetes
mellitus and metabolic syndrome among Saudi
overweight and obese pediatric patients

A. AL-AGHA, A. OCHELTREE, N. SHATA

Aim. Obesity and overweight among children
and adolescents is increasing at an alarming
rate, which lead to the increase in the inci-
dence of their related co-morbidities. Our
objectives are to establish the following: 1)
the prevalence of hyperinsulinism among
overweight and obese pediatric patients. 2)
The prevalence of type 2 diabetes mellitus
(T2DM) among those with hyperinsulinism.
3) The prevalence of metabolic syndrome
(MS) and its components among T2DM pedi-
atric patients.

Methods. A retrospective cross-sectional
study conducted on overweight and obese
pediatric patients attending the pediatrics
diabetes clinic at King Abdul-Aziz University
Hospital, Jeddah, Saudi Arabia, from 2006
to 2010. Serum insulin level was measured
for 387 patients (ages from 2 to 18 years).
Those with hyperinsulinism underwent fur-
ther investigations to assess the prevalence
of T2DM and the prevalence of MS among
T2DM patients.

Results. The overall prevalence of hyperin-
sulinism and T2DM were 44.7%, and 9.04%,
respectively. Among children and adoles-
cents with T2DM, 62.86% had a body mass
index BMI285th percentile, 37.14% had
a BMI 2 95th percentile, 14.29% had MS,
34.29% were hypertensive and 28.57% had
dyslipidemia.

Conclusion. Obesity and its co-morbidities
were prevalent among Saudi pediatric pa-
tients. We recommend preventing excessive
weight gain through the promotion of a
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healthy lifestyle, family educational seminars
and the reinforcement of indoor exercises.
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besity is a condition that triggers the de-

velopment of many diseases. Recently,
all over the world pediatricians are report-
ing an alarming increase in obesity among
children and adolescents.!: 2 Such dilemma
renders the child prone to insulin resist-
ance, dyslipidemia, type 2 diabetes mellitus
(T2DM) and ultimately metabolic syndrome
(MS).3 Pediatric diabetologists have rec-
ognized an emerging epidemic of T2DM
among youth over the past 20 years, this
phenomenon parallels increased prevalence
of obesity in children and adolescents.4 Fur-
thermore, the incidence of pediatric T2DM
increased 10-fold from 1982 to 1994.5 The
prevalence of hypertension is on the rise
among overweight Children.¢ The definition
of MS among children and adolescents var-
ies greatly from that in adults, although sev-
eral studies have utilized the adult criteria
and modified them in various ways to be
more applicable on the pediatric population.
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Such adult variables were modified for pedi-
atrics by utilizing the age specific and gen-
der specific percentiles and the Body Mass
Index (BMID), blood pressure and lipid per-
centiles, all in light of establishing a feasible
definition of MS among rapidly growing chil-
dren and adolescents.”-10 Our objectives are
to establish the following: 1) the prevalence
of hyperinsulinism among overweight and
obese pediatric patients; 2) the prevalence
of T2DM among those with hyperinsulinism;
3) the prevalence of (MS) and its compo-
nents among T2DM pediatric patients.

Materials and methods

Study design and site

This is a retrospective cross-sectional
study conducted on Saudi overweight and
obese children and adolescents attending
the pediatrics diabetes clinic at King Abdul-
Aziz University Hospital, Jeddah, Saudi Ara-
bia, from year 2006 to 2010. Serum insulin
levels were reviewed for all cases. Further
investigations were reviewed for those with
hyperinsulinism mainly to assess the preva-
lence of T2DM among them. An extensive
chart review was conducted to determine
the Tanner staging, age of diagnosis with
T2DM, family history of T2DM, blood pres-
sure, waist circumference, weight and height
for the calculation of the BMI. Furthermore,
a review of their serum lipid profile, uric
acid and C-peptide was conducted. In
T2DM female adolescents, we assessed the
prevalence of polycystic ovarian syndrome
(PCOS) by using the revised Rotterdam cri-
teria and LH/FSH ratio (described below).
This study was approved by the biomedical
ethics department at King Abdul-Aziz Uni-
versity, Faculty of Medicine.

Study subjects

The study population was 387 patients
aged from 2 to 18 years. Mean, standard
deviation (SD) and median for age were
13.46+3.22 and 14 vyears, respectively. Of
the study population, 37% were males, 63%
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were females, 40% were prepubertal and
60% were pubertal, Tanner staging system
was used for the latter classification.

The inclusion criteria were: patient’s age
between 2 and 18 years old, BMI>85th cen-
tile on age and gender specific center for
disease control (CDC) BMI chart. The ex-
clusion criteria were: presence of endocrine
diseases causing the child overweight and
obesity and pediatric patients on steroids.

MS

MS in childhood was defined by de Fer-
ranti et al., as the presence of three of
the following; fasting serum glucose >6.1
mmol/L, waist circumference >75th percen-
tile, triglycerides >1.1 mmol/L, high density
lipoprotein HDL-C <1.3 mmol/L and systo-
lic and/or diastolic blood pressure >90th
percentile plotted on pediatric charts.!!

T2DM and hyperinsulinism

The diagnosis of T2DM was established
via fasting serum glucose >7 mmol/L. Ran-
dom or two-hour postprandial serum glu-
cose >11.1 mmol/L with classic symptoms
of hyperglycemia and HbAlc >6.5% (4.6-
5.7%). Hyperinsulinism was established by
elevated serum levels of insulin >17 mIU/L
(3-17 mIU/L) and C- peptide >1.47 nmol/L
(0.37-1.47 nmol/L). Serum uric acid >428
umol/L was considered elevated (155-428
umol/L). Acanthosis nigricans AN was diag-
nosed clinically.

BMI

Overweight and obesity for children
and adolescents were defined respectively
as 285th and 95th percentile of BMI, re-
spectively, plotted on the CDC BMI charts.
Obesity was further divided into stage 1
and stage 2. Stage 1 obesity was defined
as BMI between 95th and 99th percentiles.
Stage 2 obesity was defined as BMI>99th
percentile. Age and gender specific BMI z-
scores were used as a continuous depend-
ant variable for children and adolescents
within our cohort. The BMI z-score was cal-
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culated using the world health organization
WHO age and gender specific BMI charts.
A BMI z-score between 1 and 2 was consid-
ered as overweight, a BMI z-score >2 was
considered as obese. Weight and height
measurements at King Abdul-Aziz Universi-
ty Hospital are taken according to the CDC
guidelines and are measured in kilograms
and centimeters, respectively.12 Weight and
waist circumference measurements were
taken with cloth. Waist circumference was
measured in centimeters.

Hypertension

Hypertension in children and adolescents
was defined as systolic blood pressure SBP
and/or diastolic blood pressure DBP>95th
percentile, plotted on the CDC age-gender
specific blood pressure charts and meas-
ured on >3 separate occasions.

Dyslipidemia

Dyslipidemia was defined as the pres-
ence of any of the following: choles-
terol >5.2 mmol/L, triglycerides TGL>2.3
mmol/L, and low density lipoprotein (LDL)
>3.57 mmol/L. High density lipoprotein
(HDL)<0.9 mmol/L, was considered low.
Reference ranges are reported in Table I.

PCOS

The diagnosis of PCOS was established
via using the Rotterdam consensus on diag-
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nostic criteria for PCOS.13 The revised 2003
criteria were: 1) oligo- and/or anovulation;
2) clinical and/or biochemical signs of hy-
perandrogenism; 3) polycystic ovaries, by
pelvic ultrasound, specifically looking for
the presence of 12 or more follicles in each
ovary measuring 2+9 mm in diameter, and/
or increased ovarian volume (>10 mL). The
presence of two out of three criteria con-
firmed the diagnosis of PCOS. The LH to
FSH ratio was also calculated, a ratio greater
than 1:1 was considered elevated. Normal
ranges for LH, FSH and dehydroepiandros-
terone sulfate DHEA used in this study were
(0.8-6.1 mIU/L), (1.6-11 TU/L) and (between
5th and 95th percentile for age and gen-
der), respectively. Additionally, we defined
the onset of normal puberty as the devel-
opment of thelarche by the age of 8 years
or older in girls and testicular enlargement
of >4 mL in volume, measured by Prader’s
orchidometer, by the age of 9 years or older
in boys.

Laboratory methodology

At King Abdul-Aziz University Hospital
serum glucose, HbAlc, HDL, cholesterol,
triglycrides, LDL and uric acid are measured
via the SEIMENS Dimension clinical chem-
istry system. GLU Flex reagent cartridge
is used for measuring serum glucose and
HbAlc via the hexokinase method. AHDL
Flex reagent cartridge is used for measuring
serum HDL. The method is a two reagent
format based on accelerating the reaction

TABLE L.—Descriptive characteristics of variables surveyed in the presented study and the corre-

sponding reference ranges.

Mean Standard Deviation Median Reference ranges

Age, years 13.46 +3.22 14 -
Weight for age percentile 75.9 +32.8 95 12
Height for age percentile 45.2 +31 50 12
BMI z-score 1.9 +0.86 2.05 -
Abdominal Circumference, cm 100.1 +19.47 100 -
Random glucose, mmol/L 9 +1.67 8.3 (G5to7.2)
Uric acid, umol/L 311 +76.22 301 (155-428)
Total cholesterol, mmol/L 4.66 +1.43 4.65 (0-5.2)
Triglycerides, mmol/L 2.163 +2.41 1.18 (0.3-2.3)
HDL, mmol/L 1.11 *0.33 0.975 (0.9-1.55)
LDL, mmol/L 2.84 +1.04 3.205 (0-3.57)
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of cholesterol oxidase with non-HDL un-
esterified cholesterol and dissolving HDL
selectively via a specific agent. CHOL Flex
reagent cartridge is used to measure cho-
lesterol. The method is hydrolysis of cho-
lesterol esters into free cholesterol, which
is then oxidized. The absorbance is used
to measure total cholesterol using a poly-
chromatic endpoint technique. TGL Flex
reagent cartridge is used to measure serum
triglycerides. The method is the incubation
of the sample with lipoprotein lipase and
then catalysis with glycerol kinase. The
change in absorbance is used to measure
triglycerides using the bichromatic end-
point technique. LDLC Flex reagent car-
tridge is used to measure serum LDL. The
method used is a cholesterol assay that di-
rectly measures LDLC levels in the serum.
It's a two reagent format, used to solubilize
non-LDL particles and then solubilize the
remaining LDL particles which are oxidized
producing a color that is measured using
a bichromatic endpoint technique. URCA
Flex reagent cartridge is used to measure
serum uric acid. The method used is con-
version of uric acid by uricase to allantoin,
the change in absorbance is measured us-
ing a bichromatic endpoint technique.

Serum DHEA, LH and FSH are meas-
ured via the cobas clinical chemistry sys-
tem trademark of Roche diagnostics. The
method is an immunoassay for the in vitro
quantitative determination of DHEA, LH
and FSH in the serum. The method is done
via 2 incubation assays of the sample us-
ing the competition principle for DHEA and
the sandwich principle for LH and FSH. The
first assay is done to form an immunocom-
plex and the second to bind the complex
forming a solid phase. Unbound substances
are removed. Then the reaction mixture is
aspirated magnetically onto an electrode, a
photomultiplier is used to measure a volt-
age induced emission. Results are deter-
mined via a calibration curve.

Statistical analysis:

The data was gathered on a datasheet
from the university hospital database and
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patients clinical charts. All laboratory in-
formation was taken from the university
hospital centralized laboratory phoenix
database system. Tables were exported to
the SPSS (version 16) and Epi info (ver-
sion 3.5.1) software, where the data was
analyzed and the formation of tables com-
menced. Descriptive characteristics were
calculated from the data collected. Char-
acters such as mean, median and SD for
variables collected in this study were
calculated. Analysis of quantitative data
was done via the two-sample t-test. The
level of significance was expressed as
P-value; P>0.05=non- significant (NS),
P<0.05=significant (S), and P<0.001=highly
significant (HS).

Results

Hyperinsulinism

Of the study population 173 patients
(44.7%) had hyperinsulinemia, 35 of which
(20.23%) had T2DM. Overall mean, SD and
median for serum insulin were 40.12+20.45
and 32.2 mIU/L. Mean and SD for serum
insulin were 30.04+12.7 mIU/L in prepuber-
tal children and 46.15+22.1 mIU/L in pu-
bertal children and adolescents, P=0.0136
(S). Mean and SD of serum insulin were
42.32+20.6 mIU/L in T2DM obese patients
and 32.42427.67 mlIU/L in non-diabetic
obese children and adolescents, P=0.024
(S). AN was present in 28.75% of T2DM
pediatric patients.

MS among children and adolescents with
T2DM

The overall prevalence of (MS) among
T2DM pediatric patients was 14.29%. Only
1 of those with (MS) was prepubertal. The
prevalence of each of the diagnostic com-
ponents were 31.43% had elevated fasting
serum glucose, 23% had a waist circumfer-
ence > 95th percentile, 28.57% had high
triglyceride levels, 22.86% had low levels
of HDL and 14% had high blood pressure
(11 % for SBP and 3% for DBP). Of (T2DM)
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pediatric patients, 2.86% had hyperuri-
cemia.

T2DM among children and adolescents

The overall prevalence of T2DM was
9.04%. Mean, SD and median for the age
of diagnosis with (T2DM) were 13.1£2.02
and 13.5 years, only 20% were > 13 years
of age at the time of diagnosis. Of those
with (T2DM), 28.57% were pre-pubertal.
Of (T2DM) pediatric patients, 77.14% had
an HbA1c<10%. Mean, SD and median for
HbAlc were 8.52+1.53 and 7.7%. 40% of
(T2DM) pediatric patients complained of
diabetic symptoms, 5.71% presented with
diabetic ketoacidosis (DKA) and 37.14%
had a positive family history of (T2DM).

BMI of children and adolescents with
(T2DM):

Among T2DM pediatric patients, 62.86%
had a BMI > the 85th percentile and 37.14%
had a BMI=95th percentile. Mean, SD and
median for the BMI z-score were 2.54+0.4
and 2.46% for obese children and adoles-
cents and 1.42+1.4 and 1.1% for overweight
children and adolescents, P=0.002 (S). In
our cohort, obesity was higher in females
than males, 71.43% of obese children were
females and 28.57% were males. The ma-
jority of obese children had stage 2 obes-
ity 85.71%, while only 21.43% had stage 1
obesity. The prevalence of stage 2 obes-
ity was higher among obese females than
males (80% in females and 75% in males).

Hypertension among children and adoles-
cents with T2DM

In our cohort, 34.29% of T2DM pediatric
patients had a SBP and/or DBP>95th per-
centile, thus were considered hypertensive.
Elevated SBP was present in 83.3% and
16.67% had elevated DBP. Mean, SD and
median were 124+18.73, 120.5 mmHg for
systolic blood pressure and 71.667+10.506,
73.5 mm/Hg for diastolic blood pressure
among T2DM children and adolescents,
only 8.83% of hypertensive children and
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adolescents were on hypertensive medica-
tion.

Dyslipidemia among children and adoles-
cents with T2DM:

In our cohort, the overall prevalence of
dyslipidemia was 28.57%. Of T2DM pediat-
ric patients, 25.71% had elevated triglycer-
ides, 2.86% had elevated LDL, 8.5% had low
levels of HDL and 20% had elevated serum
total cholesterol.

PCOS among pubertal overweight and obese
Sfemales with T2DM

Of the female population in our cohort,
60.87% were pubertal and had already
started their menses, 42.86% of menstruat-
ing girls complained of irregular cycles and
34.78% had AN. The prevalence of PCOS in
our cohort was 21.74%. All pubertal females
with PCOS had a BMI>85th percentile, 40%
had a BMI>95th percentile, all complained
of menstrual irregularities, 60% had MS and
80% had AN, all had serum DHEAS>95th
age-gender specific percentile and all
showed multiple ovarian cysts by pelvic
ultrasound. Mean, SD and median for the
LHFSH ratio among pubertal females with
PCOS were 1.735+0.162 and 1.74, respec-
tively. All pubertal females with PCOS had
an LH/FSH ratio of >1:1.

Discussion

Children and adolescents develop sec-
ondary hyperinsulinism as a result of obes-
ity. The stress of obesity and the increased
demand for insulin at the time of adoles-
cence explain the largely pre-pubertal and
pubertal onset of T2DM in children and
adolescents.!t In our cohort, the prevalence
of secondary hyperinsulinism (44.7%) was
lower than what was reported by a study
conducted in San Diego, California (51.9%)
15 and higher than another study in London
(40%).16 The prevalence of T2DM in our
population (9.04%) was within the Ameri-
can Diabetes Association (ADA) issued con-
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sensus statement regarding the prevalence
of T2DM in children and adolescents. The
ADA stated that T2DM now accounts for as
many as 8 to 46% of new cases of pediatric
diabetes.17 Several studies attempted to es-
tablish the prevalence of T2DM among chil-
dren and adolescents, A study in Thailand
had a higher prevalence than what we re-
ported (17.9%),18 two other studies in Ger-
many reported a lower prevalence (1.5%)
and (5.9%).19, 20

Dyslipidemia in children and adolescents
has become a frequent clinical condition,
especially due to the increase in overweight
and obesity prevalence in this age range.2!
Dyslipidemia was prevalent among T2DM
children and adolescents within our cohort
(28.57%), however it was less than what
other studies have reported, range of dysli-
pidemia (30% to 55%).16,22-24 The global in-
crease in the prevalence of obesity among
children and adolescents is also favoring an
increase in blood pressure and therefore,
the prevalence of arterial hypertension.?
We reported the prevalence of hyperten-
sion within our cohort as 34.29%, two oth-
er studies in London and Turkey reported
a lower prevalence (32% and 22%, respec-
tively).16, 2¢ MS was originally described by
Reaven in 1988 as “syndrome X” or “insulin
resistance syndrome”.26 The prevalence of
MS in studies using the WHO criteria was:
4.5% to 38.7%. The overall prevalence of
(MS) in our cohort was within the preva-
lence range used by the WHO.2’ Further-
more, the overall prevalence of MS within
our cohort (14.29%) was higher than a
study in the USA reported (10%),!! and less
than what studies in Turkey, Spain and Bo-
livia have reported (27.2%, 18.6% and 36%,
respectively).24 28,29 We also reported that
the prevalence of MS was higher among
females with T2DM than males, other stud-
ies reported a higher prevalence among
males,?8 and some reported no difference
in the prevalence with respect to gender.24
2 Furthermore, the prevalence of MS was
greater among pubertal children and ado-
lescents then pre-pubertal children in our
cohort. As for the prevalence of the di-
agnostic components for MS, there were
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great variation between the present study
and other publications.?8: 29 For instance,
we reported low HDL in 22.8% of MS cases
while, some reported a higher percentage
of low HDL as a diagnostic component of
MS 28 and others reported lower readings.2?

In the present study, all enrolled patients
had a BMI>85th percentile. The prevalence
of obesity within our cohort was slightly
higher than what was reported by a re-
cently published Saudi Arabian study that
attempted to establish a baseline for the
national prevalence rates for overweight,
obesity and severe obesity in Saudi chil-
dren and adolescents.30 Another study
conducted in the eastern province of Sau-
di Arabia reported that the prevalence of
obesity was higher in male than female stu-
dents (19.3% versus 11.8%).31 We reported
a much higher prevalence of obesity than
the latter study (37.14%). Both local studies
however reported a higher prevalence of
obesity among males 30 31 as we reported
a higher prevalence among females. Over-
weight and obesity are major contributing
factor in the development of PCOS.32 Hy-
perinsulinemia promotes ovarian and ad-
renal androgen output, suppress hepatic
production of sex hormone binding globu-
lin and raises free circulating testosterone.
Together, hyperandrogenism and hyperin-
sulinemia impair ovarian follicle develop-
ment. Long term exposure to high levels of
LH promotes ovarian androgen output. LH
excess seems to be a result of an increased
frequency of gonadotrophin releasing hor-
mone pulses from the hypothalamus. The
abnormal hormonal milieu also probably
contributes to incomplete follicular devel-
opment which results in polycystic ovarian
morphology. The prevalence of PCOS in
our population (21.74%) was higher than
what was reported by a study conducted
by the University of Alabama (6.6%).33
MS had a significantly higher prevalence
among females with PCOS in our cohort
(60%) than what a study in York, England
reported, range of MS and PCOS prevalence
overlap was 1.6% to 46.4%.34 Children with
AN showed significantly more glucose in-
tolerance and T2DM compared with those
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children without AN. In fact, some studies
proposed that AN can be used as a reli-
able clinical index in the detection of hy-
perinsulinemia and glucose intolerance.3>
36 Compared to other studies conducted in
China and New Mexico, where the prev-
alence of AN was 25% and 17%, respec-
tively,35 37 the prevalence of AN within our
cohort (28.75%) was rather high.

Conclusions

In conclusion, the prevalence of obesity
was rather high in our population, as was
the prevalence of some of its related co-
morbidities, mainly T2DM and hypertension.
We believe that an endemic of unhealthy in-
dulgences is sweeping across children and
adolescents within our populace and is re-
sponsible for the increasing blight that is MS
and its components, which is mainly due
to behavioral and environmental factors.
Although, we had a lower prevalence of
dyslipidemia when compared to others, we
would like to see it decrease even further in
order to prevent its related consequences.
Hence our recommendations, which are
indeed common knowledge, nonetheless
poorly practiced. We would like to tackle
a number of issues we believe might give
pediatricians worldwide a fighting chance
against the menace that is obesity. Firstly, we
address the dietary habits of children and
adolescents within our population. Addic-
tion to fast food, which has a high content
of sodium, simple carbohydrates, saturated
fats and calories, is ever so prevalent. We
believe this is due to several reasons; lack
of family education seminars and the abun-
dance of fast food establishments accessible
to our youth are the most salient of reasons.
As many studies have proven, parents have
an integral role in the management of child-
hood obesity.38 Thus we recommend the
promotion of family education seminars in
Saudi Arabia, mainly to increase the aware-
ness of obesity and its co-morbidities and
the reinforcement of a healthier diet, prima-
rily one with high fiber, low sodium, simple
carbohydrates and saturated fats content.
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Furthermore, the availability of specialized
pediatric dietitians, whom can give more
appealing advice to children, will ultimately
improve the overall adherence of the child
to a healthier life style. Saudi Arabia has a
desert landscape with a harsh climate, such
conditions discourage children and adoles-
cents from outdoor activities, mainly exer-
cises and sports. The availability of media
based distractions is another major contrib-
utor to the sedentary life style children and
adolescents abide by in our population. In
order to overcome such issues, we recom-
mend the promotion of indoor exercises for
at least 30 minutes per day and to limit tel-
evision usage hours to a maximum of two
hours per day.

Riassunto

Prevalenza di iperinsulinismo, diabete mellito di
tipo 2 e sindrome metabolica tra pazienti pediatrici
obesi in Arabia Saudila

Obiettivo. L'obesita e il sovrappeso stanno cre-
scendo a un ritmo allarmante tra bambini e ado-
lescenti, comportando un aumento nell’incidenza
delle loro comorbilita associate. Obiettivo del pre-
sente studio ¢ stato quello di determinare: 1) la pre-
valenza dell'iperinsulinismo tra pazienti pediatrici
sovrappeso e obesi; 2) la prevalenza del diabete
mellito di tipo 2 (DMT?2) in pazienti pediatrici ipe-
rinsulinemici; 3) la prevalenza della sindrome me-
tabolica (SM) e delle sue componenti in pazienti
pediatrici con DMT2.

Metodi. Abbiamo condotto uno studio trasversale
retrospettivo su pazienti pediatrici obesi e sovrap-
peso presso il centro pediatrico di cura del diabete
dell’ospedale universitario di King Abdul-Aziz, Jed-
dah, Arabia Saudita, tra il 2006 e il 2010. 1l livello
sierico di insulina € stato misurato in 387 pazienti
(di eta compresa tra i 2 e i 18 anni). I pazienti con
iperinsulinismo sono stati sottoposti a ulteriori esa-
mi per valutare la prevalenza del DMT2 e la preva-
lenza della SM in pazienti con DMT2.

Risultati. La prevalenza complessiva dell’iperin-
sulinismo e del DMT2 ¢& stata rispettivamente del
44,7% e del 9,04%. Tra i bambini e gli adolescen-
ti con DMT2, il 62,86% aveva un indice di massa
corporea (IMC) 285° percentile, il 37,14% aveva un
IMC>95° percentile, il 14,29 % aveva SM, il 34,29%
era iperteso e il 28,57% soffriva di dislipidemia.

Conclusioni. L'obesita e le sue comorbilita erano
prevalenti tra i pazienti pediatrici in Arabia Saudita.
Raccomandiamo di prevenire un eccessivo aumento
di peso mediante la promozione di uno stile di vita
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sano, seminari sull’educazione familiare e il raffor-
zamento degli esercizi indoor.

Parole chiave: Iperinsulinemia - Sindrome metaboli-
ca X - Obesita - Indice di massa corporea - Diabete
mellito di tipo 2.
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