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PALABRAS CLAVE
Obesidad infantil;
Comorbilidades;
Déficit de vitamina D;
Insulinorresistencia;
Dislipemia;
Hiperuricemia;
Hipertension arterial

Prevalencia y factores de riesgo asociados a distintas comorbilidades en nifios y
adolescentes obesos

Resumen

Introduccidn: Diferentes comorbilidades relacionadas con la obesidad se presentan ya en la
etapa infantil como, por ejemplo: déficit de vitamina D, alteracion del metabolismo hidro-
carbonado, dislipemia, hipertension arterial y esteatohepatitis no alcohdlica. En el presente
estudio queremos analizar la prevalencia de estas comorbilidades en nifos y adolescentes
obesos y estudiar los factores predictores relacionados con la aparicion de las mismas.
Material y métodos: Se recogieron variables antropométricas, datos demograficos y bioquimi-
cos de pacientes obesos entre seis y dieciocho afios. Posteriormente, se realizé un analisis
estadistico para describir las caracteristicas de los pacientes, la prevalencia de comorbilidades,
asi como los factores predictores de las mismas.

Resultados: Se incluyeron un total de 158 nifios obesos (76 ninos y 82 ninas) con una edad media
al diagnostico de 12,48 anos y un IMC Z-Score de +3,24 SDS. Las comorbilidades mas preva-
lentes fueron déficit de vitamina D (64,2%), insulinorresistencia (45,1%), dislipemia (32,2%),
hiperuricemia (18,5%) e hipertension arterial (15%). Como factores predictores de estas comor-
bilidades se han encontrado la edad, el IMC Z-Score, el porcentaje de masa grasa y el sexo
masculino.

Conclusion: Los nifios y adolescentes de nuestro entorno presentan una elevada prevalencia
de comorbilidades. Establecido el diagnostico de obesidad, seria de gran utilidad reconocer
precozmente aquellos pacientes con mayor riesgo de comorbilidades, conocida su relacion con

el sexo, la edad, IMC Z-Score, porcentaje de masa grasa y estadio puberal.
© 2022 Publicado por Elsevier Espa?a, S.L.U. en nombre de SEEN.

Introduction

In recent decades, increasing economic development and
the growth of the food industry have led to an increase in
adoption of diets richer in calories and saturated fats. At the
same time, there has been a trend towards more sedentary
lifestyles'. These things have contributed to the alarm-
ing increase in obesity rates in childhood and adolescence.
In this vein, a recent global study found the prevalence
of obesity to exceed 0.7%-5.6% in girls and 0.9%-7.8% in
boys between 1975 and 2016 in individuals 5-19 years of
age’. Unfortunately, Spain is no stranger to this first-order
social and health problem. Spain has one of the highest
prevalences of obesity in children six to nine years of age
among European countries, at 17.7%°. Even more alarm-
ingly, the prevalence of severe obesity in this age group is
4%,

Studies in recent years have found that obese preschool
and school children are very likely to remain obese in adoles-
cence and adulthood®®. For a decade now, perpetuation of
excess weight in childhood has been linked to a state of low-
grade inflammation’. More recently, research has revealed
that changes in adipose tissue deposits and function con-
tribute to modifying the synthesis and release of different
adipokines, creating a state of chronic inflammation, which
fosters the development of various comorbidities®.

The onset of comorbidities in obese patients is, unfor-
tunately, not exclusive to adulthood. In fact, an increase in
cases of childhood obesity at younger ages, together with an
increase in detection of children with severe obesity, has led

to a paradigm shift in the care of obese children and ado-
lescents. The most recent guidelines recommend screening
for different comorbidities such as carbohydrate metabolism
impairment, lipid panel abnormalities, vitamin D deficiency,
hypertension and non-alcoholic steatohepatitis’.

In order to optimise healthcare resource management, it
is extremely important to be familiar with predictors of the
onset of these obesity-associated comorbidities. In partic-
ular, we believe that analysis of those factors in childhood
could be important due to the potential for reversibility.
Therefore, we established the following objectives: a) to
analyse the prevalence of obesity-related comorbidities in
a sample of obese children and adolescents and b) to study
various factors linked to the presence of comorbidities.

Material and methods

Ours was a descriptive study of patients diagnosed with
childhood obesity between January 2018 and December 2020
on a Childhood Obesity Unit at a tertiary hospital.

Sample size calculation

For an estimated prevalence of comorbidities associated
with obesity in adolescence of 25%°, a minimum of 113 sub-
jects would need to be included with a precision (B) of 8%
and a level of significance («) of 95% (Ene 2.0® program),
paired by sex and with a similar number of subjects in pre-
puberty, early puberty, mid-puberty and late puberty.
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Inclusion criteria

Children 6-18 years of age with a body mass index (BMI)
>2 standard deviation scores (SDS) above the mean accord-
ing to Spanish reference tables'®, with no chronic disease
prior to diagnosis of obesity and no ongoing treatment
with corticosteroids, antidepressants, antipsychotics and/or
anti-epileptic drugs were included. Subjects with suspected
syndromic signs and symptoms were excluded.

Study variables

- Anthropometric data: weight (kg), height (cm), BMI (abso-
lute value and SDS for age and sex according to reference
tables'?) and waist circumference (cm and SDS according
to reference tables'").

- Body composition: body fat (% and kg) measured using
impedance analysis (Tanita 3000%).

- Tanner stage'>"?, age at menarche and calendar of men-
strual cycles.

- Systolic blood pressure (SBP) and diastolic blood pressure
(DBP): mmHg, taking the mean of three measurements.

- Clinical biochemistry results after 12 h of fasting: glucose
(mg/dl), HbA1c (%), insulin (wlU/mL), total cholesterol
(mg/dl), triglycerides (TGs) (mg/dl), high-density lipopro-
tein cholesterol (HDL-C) (mg/dl), low-density lipoprotein
cholesterol (LDL-C) (mg/dl), aspartate aminotransferase
(AST) (IU/l), alanine aminotransferase (ALT) (IU/l), 25-
hydroxy vitamin D (ng/mL), thyroid-stimulating hormone
(TSH) (wlU/mL), free thyroxine (T4) (ng/dl), C-reactive
protein (CRP) (mg/dl), creatinine (mg/dl) and uric acid
(mg/dl).

e Homeostatic model assessment (HOMA) calculation:
baseline insulin (nlU/mL) x baseline glucose (mmol/l)
/ 22.5.

- Presence of sleep apnoea-hypopnoea syndrome (SAHS),
idiopathic intracranial hypertension or polycystic ovary
syndrome.

Definitions

- Hypertension: mean of three determinations of SBP
and/or DBP above the 95th percentile for age, sex and
height'4.

- Carbohydrate metabolism impairment:

e Insulin resistance’®:
a Prepubertal: baseline insulin >15°wlU/mL and/or
HOMA > 3.5.
b Pubertal:
HOMA > 4.5.
e Prediabetes’®:
a HbA1c 5.7%-6.4%.
b Impaired fasting glycaemia: blood glucose levels
100—125mg/dl.
c Carbohydrate intolerance: blood glucose
140—199 mg/dl 120 min after oral overload.
e Type 2 diabetes mellitus: obesity plus any of the fol-
lowing criteria, after having ruled out type 1 diabetes
mellitus'®:
a HbA1c >6.5%.
b Venous fasting blood glucose levels >126 mg/dl.

baseline insulin >25°plU/mL and/or

levels

¢ Blood glucose levels >200mg/dl 120 min after oral
overload.

- Dyslipidaemia: TGs >95th percentile and/or HDL-C <5th
percentile for age and sex'”.

- Hyperuricaemia: uric acid >7 mg/dl'®.

- Vitamin D deficiency: 25-hydroxy vitamin D<20ng/mL".

- Non-alcoholic fatty liver disease: ALT levels >35 IU/1%
together with ultrasound suggestive of hepatic steatosis
(after having ruled out other causes of hypertransami-
nasaemia).

- Non-autoimmune subclinical hypothyroidism: TSH above
the upper limit of normal for age, normal free T4 and
negative thyroid autoimmunity?'.

- Sleep apnoea-hypopnoea syndrome: Apnoea-Hypopnoea
Index >5, along with witnessed episodes of snoring and/or
apnoea?’.

- Idiopathic intracranial hypertension: headache, papil-
loedema, cerebrospinal fluid pressure >25 cmH,0 fol-
lowing lumbar puncture and neuroimaging with no
space-occupying lesions?3.

- Polycystic ovary syndrome: a) clinical and/or biochemical
hyperandrogenism; b) menstrual cycle abnormalities tak-
ing into account time elapsed since menarche; c) ruling
out of other causes of hyperandrogenism?*.

- Metabolically healthy obese: no carbohydrate metabolism
impairment, dyslipidaemia, hyperuricaemia or hyperten-
sion.

Statistical analysis

In the descriptive analysis, qualitative variables are shown
in frequency tables and quantitative variables are shown
in terms of mean and 95% confidence interval. The
Kolmogorov-Smirnov test was used to confirm whether the
data had a normal distribution. Variables that did not follow
a normal distribution were logarithmically transformed. The
overall prevalence of comorbidities was analysed. In addi-
tion, rates of comorbidities were studied based on age, stage
of puberty, sex, BMI and body composition using the follow-
ing statistical tests: x?, Student’s t and analysis of variance
(ANOVA). A p value <0.05 was considered significant. Sta-
tistical analysis was performed using the software program
SPSS version 25.0°.

Ethical and legal considerations

The study was conducted with the approval of the Inde-
pendent Ethics Committee at our hospital (no. TFG012-21,
8 February 2021) in accordance with the Declaration of
Helsinki and in compliance with current Spanish legislation.

Results
Sample description

A total of 158 obese children with a mean age at diagnosis
of 12.48 years (12.05-12.91) and a BMI (Z-score) >3.24 SDS
(3.04-3.44) were included. Of the 158 patients, 76 (48.1%)
were boys and 82 (51.9%) were girls. The distribution by
stage of puberty was: 44 in Tanner stage 1 (30 boys and 14
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Table 1 Data on anthropometric measurements, body composition, blood pressure and biochemical variables at diagnosis.

Variable Mean 95% confidence interval
Age (years) 12.37 11.90—-12.84
BMI (kg/m?) 30.59 29.82-31.36
BMI (Z-score) 3.28 3.08-3.47
Height (Z-score) 1.02 0.83-1.20
Waist circumference (cm) 98.34 96.30—100.38
Waist circumference (Z-score) 2.52 2.38-2.66
Body fat (%) 39.74 38.62—40.87
SBP (mmHg) 111.64 109.74—113.54
SBP (Z-score) 0.46 0.30-0.62

DBP (mmHg) 71.62 70.26—72.99
DBP (Z-score) 0.82 0.72-0.92
Glucose (mg/dl) 86.32 85.01-87.63
HbA1c (%) 5.24 5.11-5.37
Insulin (pIU/mL) 25.60 22.77—-28.45
HOMA 5.47 4.9-6.04
Cholesterol (mg/dl) 154.65 150.08—159.22
Triglycerides (mg/dl) 104.54 94.32—-114.77
HDL-C (mg/dl) 44,38 42.96—45.80
LDL-C (mg/dl) 91.71 87.48—95.94
AST (IU/1) 24.27 22.08—26.45
ALT (IU/1) 27.11 22.66—31.57
25-hydroxy vitamin D (ng/mL) 18.21 17.31-19.11
Uric acid (mg/dl) 5.55 5.14-5.96
Free T4 (ng/dl) 1.21 1.18—1.23

TSH (plU/mL) 2.88 2.63-3.14

girls), 16 in Tanner stage 2 (12 boys and four girls), 23 in
Tanner stage 3 (13 boys and 10 girls), 19 in Tanner stage 4
(9 boys and 10 girls) and 56 in Tanner stage 5 (12 men and
44 women).

Data on anthropometric measurements, body composi-
tion, blood pressure and clinical chemistry appear in Table 1.

Mean age at menarche in adolescent girls was 11.37 years
(11.04-11.70).

Prevalence of comorbidities

The different comorbidities found in our sample are
presented in order from highest prevalence to lowest preva-
lence: 25-hydroxy vitamin D deficiency (64.2%), insulin
resistance (45.1%), dyslipidaemia (32.2%), hyperuricaemia
(18.5%), hypertension (HTN) (15%), polycystic ovary syn-
drome (9.3% among women in Tanner stage 5), non-alcoholic
fatty liver disease (8.2%), subclinical hypothyroidism (6.9%),
prediabetes (6.8%), SAHS (6.2%), idiopathic intracranial
hypertension (1.2%) and type 2 diabetes (0.6%).

A total of 13.4% could be considered metabolically
healthy obese individuals.

Predictive factors for comorbidity

Table 2 reports the relationship between, on the one hand,
age, sex, BMI Z-score and body fat percentage and, on the
other hand, rates of comorbidities in our sample. Obese
patients above the median age showed a significantly higher
prevalence of hypertension and hyperuricaemia. In addition,

a higher prevalence of non-alcoholic fatty liver disease was
found among male patients. Furthermore, patients with a
BMI Z-score above the median had higher rates of insulin
resistance, HTN and non-alcoholic fatty liver disease than
those below the median. Finally, those with a body fat per-
centage above the median had a higher prevalence of HTN.

Table 3 compares biochemical parameters by tertiles of
age, BMI Z-score and body fat percentage. Age was associ-
ated with decreased 25-hydroxy vitamin D and HDL-C levels
and increased HOMA and uric acid levels. BMI Z-score was
positively correlated with HOMA. Finally, body fat percent-
age was associated with increased HOMA and decreased
HDL-C.

Table 4 compares the same biochemical parameters by
sex and Tanner stage. We found male sex to be associated
with higher AST and ALT levels than female sex. Moreover,
more advanced stages of puberty were correlated with sig-
nificantly lower 25-hydroxy vitamin D and HDL-C levels and
higher HOMA and uric acid levels.

Discussion

We report a descriptive study on the frequency of differ-
ent comorbidities associated with childhood obesity. We also
evaluated the impact of possible risk factors such as age,
BMI, body composition and stage of puberty on the onset of
these disorders.

In our sample, the most prevalent comorbidity was vita-
min D deficiency, which affected 64% of our patients.
Previously, our group found a high prevalence of vitamin
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Table 2 Rates of comorbidities based on age, sex, BMI and body fat.

Age Sex BMI (Z-score) Body fat (%)

< median > median p Male Female p < median > median p < median > median p
Vitamin D deficiency 63.2% 65.3% x% NS 62.7% 65.8% X% NS 60% 68.4% X% NS 62.3% 74.6% x* NS
Insulin resistance 46.5% 43.8% x> NS 49.3% 41.1% X2 NS 35.6% 54.9% X 44.8% 46.7% x% NS
Dyslipidaemia 28.4% 34.2% x* NS 23.6% 38.5% X2 NS 33.3% 29.3% 2 NS 27.9% 37.5% x> NS
Prediabetes 6.1% 7.6% x% NS 10.3% 3.6% X% NS 6.3% 7.5% x% NS 6% 6.2% X% NS
Hyperuricaemia 7.1% 29.6% X 22.9% 10% x> NS 7.7% 27.6% x% NS 5.6% 20% x% NS
Hypertension 9.2% 20.8% X 13.9% 16% X2 NS 7.6% 23% X2 4.7% 23.8% X2
Non-alcoholic fatty liver disease  8.2% 8.1% xANS  13.7%  2.7% X2 1.4% 15.1% X2 3.4% 12.9% X2 NS
SAHS 6.1% 6.3% x> NS 9% 3.6% X2 NS 5% 7.5% x% NS 9% 4.6% x% NS
Metabolically healthy 20.4% 6.3% X 13.5% 13.3% X2 NS 20.9% 7.4% X 16.7% 11.4% x> NS
p: degree of significance; NS: not significant.

* p<0.05.

* p<0.01.
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D deficiency in obese children and adolescents compared
to the group consisting of normal-weight individuals'®?°.
Various hypotheses have been put forward to attempt to
account for the higher prevalence of vitamin D deficiency in
the population of obese children and adolescents. One such
hypothesis is that this higher prevalence can be explained
by lifestyle changes leading to decreased outdoor physical
activity and therefore less exposure to sunlight. In addition,
vitamin D bioavailability in obese individuals is lower than in
normal-weight individuals due to greater deposition in adi-
pose tissue in these individuals'. Our study identified age
and more advanced stage of puberty as possible risk factors
related to higher rates of vitamin D deficiency. These find-
ings may be linked to less physical activity and sun exposure
than at younger ages?. In sum, we believe that these data
point to a need to implement regular screening for vitamin
D deficiency in obese patients, particularly adolescents.

The second most common comorbidity among obese indi-
viduals was insulin resistance, in 45.1% of patients. These
figures were similar to those reported in a Spanish study that
included 1300 patients?®. Factors related to this comorbidity
were age, BMI, body fat percentage and stage of puberty.
Therefore, it would be advisable to evaluate patients for
insulin resistance as of Tanner stage 2 and/or in adoles-
cents over 11.5 years of age. Regardless of age and stage
of puberty, it would also be advisable to assess subjects
with a BMI>3.5 SDS and/or a body fat percentage >41.7%
for insulin resistance. Unlike the above-mentioned Span-
ish study wherein 46% of subjects had prediabetes?®, 6.8%
of patients in our study met the criteria for prediabetes.
The two studies did agree on the prevalence of type 2 dia-
betes, which was below 1%. The latter finding should incite
reflection on the methodology used to screen for carbohy-
drate metabolism impairment among obese adolescents in
our setting.

Our study found a rate of subjects with dyslipidaemia of
32.2%; this was slightly lower than in other studies, such
as one conducted in nearly 2,000 Polish children?”, which
found rates of dyslipidaemia of 38.2% in girls and 40.5% in
boys. These differences are likely due to different criteria
in relation to the definition of dyslipidaemia, sample selec-
tion, fasting time and numbers of patients included. As in
our study, the Polish study found blood HDL levels to be neg-
atively correlated with age, BMI and body fat percentage?’.
Although rates of dyslipidaemia were higher among adoles-
cents, they were not negligible in school-age children; this,
added to the well-established relationship between lipid
levels and cardiovascular risk, indicates that a lipid panel
is necessary in all obese children at diagnosis.

Uric acid levels increased slightly with age and showed a
certain sexual dimorphism in adolescence'®. However, tak-
ing into account the mean value and standard deviation for
the calculation of >2 SDs based on age and sex, as of age
10, the cut-off point for defining hyperuricaemia would be
6—7mg/dl. For this reason, we chose to use 7mg/dl as a
cut-off point, as this is the cut-off point normally used in
the adult population. Thus, 18.5% of the patients included
in our study showed hyperuricaemia. Focusing on studies
with a cut-off point similar to our own revealed the preva-
lence of hyperuricaemia to range from 0.45% to 26.5% in
the general paediatric population. In obese individuals, the
prevalence is around 24.4%'®. Moreover, our study found dif-

ferences in uric acid levels based on age, BMI Z-score and
stage of puberty. With our results, we were unable to discern
whether there was a direct relationship between hyperuri-
caemia and BMI and/or a relationship to poor eating habits.
We suspect that the older the age, the worse the nutritional
habits. Therefore, it would be advisable to conduct prospec-
tive studies collecting nutritional surveys to attempt to link
intake to blood uric acid levels. Meanwhile, determination
thereof starting in adolescence could be recommended.

The prevalence of HTN in the general paediatric popu-
lation, using the classic criteria published in 2004 by the
Task Force', was between 1.5% and 8%%. This percentage
climbed to 25% in obese adolescents?®. Overall, 15% of our
patients had HTN. Taking into account the median age of
our sample, the prevalence was higher in children above the
median (20.8% versus 9.2%). Therefore, we believe that age
and possibly time since onset of obesity are linked to a higher
prevalence of HTN. In addition, higher rates of HTN were
seen in children with higher BMI and body fat values. This
points to a close relationship between the chronic inflam-
matory state presented by obese adolescents and the onset
of HTN. Given its non-invasive nature, it is absolutely advis-
able to measure blood pressure in the follow-up of obese
patients of all ages. HTN should be confirmed by averaging
at least three measurements in a suitable environment for
this purpose.

Another obesity-related complication is non-alcoholic
fatty liver disease. The prevalence among obese children
and adolescents varies depending on the selection crite-
ria used, be they clinical chemistry and/or imaging tests.
Although the most accurate test for diagnosis remains liver
biopsy, it is not a routine test in regular clinical practice
in paediatrics. Our sample showed a lower prevalence than
that reported by a Spanish group in 2015 in which up to
19.66% of individuals with overweight or obesity had hyper-
transaminasaemia (ALT >35 IU/1)?°. A recent meta-analysis
found a prevalence of non-alcoholic fatty liver disease of
34.2% in obese children and adolescents versus 7.6% in the
general paediatric population?’. We found a higher preva-
lence of this disorder in male patients (13.7% versus 2.7%),
but did not find a relationship to age or stage of puberty.
Thus, there is speculation as to the existence of other
determining factors, apart from sex steroids, to account for
this sexual dimorphism as of pre-puberty?’. We also found
the prevalence of non-alcoholic fatty liver disease to be
higher in individuals with a BMI above the median (1.4%
versus 15.1%). In summary, it seems advisable to determine
transaminase levels in initial testing in all obese patients.
Subsequent follow-up, in which liver imaging test results will
be assessed, will depend on the patient’s initial transami-
nase levels, degree of obesity and sex.

Of our patients, 13.4% were classified as metabolically
healthy; the predictive factors found in them were age and
BMI. It is difficult to make comparisons to other studies
as there is no consensus as to the criteria for consider-
ing a patient to be a metabolically healthy obese patient
in any age group, despite various attempts made in expert
meetings®’. Thus, today, there is no consensus for establish-
ing biochemical parameters, anthropometric measurements
or lifestyle factors to consider obese individuals metaboli-
cally healthy. In this regard, we believe that the paediatric
population requires different criteria based on age and stage
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Table 3 Comparison of biochemical data considering tertile of age, BMI and body fat.

Age (years)

BMI (Z-score)

Body fat (%)

1st 2nd 3rd p 1st 2nd 3rd p 1st 2nd tertile 3rd p
tertile tertile tertile tertile tertile tertile tertile (37.7—41.7) tertile
(<11.66) (11.66—14) (>14) (<2.69) (2.69-3.5) (>3.5) (<37.7) (>41.7)
25-hydroxy 18.62 19.44 16.64 ANOVA* 18.71 18.57 17.37 ANOVA 18.86 17.55 17.26 ANOVA
vitamin D (17.10— (17.56— (15.14— Post-hoc:  (17.05— (16.77— (16.05— NS (16.99— (16.09— (15.54— NS
(ng/mL) 20.15) 21.33) 18.13) 2-3* 20.36) 20.37) 18.65) 20.73) 19.02) 18.98)
HOMA 4.42 6.08 5.54 ANOVA* 5.04 4.72 6.66 ANOVA* 5.47 4.55 6.53 ANOVA*
(3.55— (4.99— (4.67— Post-hoc: (4.08— (3.96— (5.48— Post-hoc: (4.37— (3.73— (5.32— Post-hoc:
5.30) 7.17) 6.41) 1-2¢ 6.01) 5.48) 7.84) 2-3* 6.56) 5.37) 7.74) 2-3*
TGs 105.57 112.33 95.10 ANOVA 114.66 102.76 95.94 ANOVA 116.05 105.70 100.07 ANOVA
(mg/dl) (86.62— (89.30— (83.26— NS (91.10— (85.78— (85.25— NS (91.15— (84.22— (86.96— NS
124.71) 135.35) 106.94) 138.22) 119.74) 106.63) 140.94) 127.17) 113.18)
HDL-C 45.96 45.50 41.38 ANOVA* 44.98 45.32 42.88 ANOVA 46.86 43.79 41.86 ANOVA*
(mg/dl) (43.42— (42.67— (39.34— Post-hoc:  (42.57— (42.67— (40.45— NS (43.66— (41.44— (39.40— Post-hoc:
48.50) 48.33) 43.41) 1-3* 47.40) 47.97) 45.32) 50.05) 46.13) 44.31) 1-3*
AST 27.73 23.28 22.13 ANOVA 23.22 24.63 24.98 ANOVA 23.59 26.38 23.45 ANOVA
(IU/1) (23.50— (20.49— (17.34— NS (20.29— (20.28— (20.31— NS (20.81— (21.13— (18.49— NS
31.96) 26.07) 26.92) 25.45) 28.97) 29.65) 26.37) 31.63) 28.41)
ALT 28.89 25.10 27.85 ANOVA 21.29 28.64 31.64 ANOVA 23.17 29.21 30.29 ANOVA
(IU/1) (19.31— (19.89— (18.26— NS (18.97— (18.93— (22.30— NS (20.55— (18.80— (19.14— NS
38.47) 30.32) 37.44) 23.60) 38.35) 40.98) 25.79) 39.62) 41.44)
Uric acid 4.67 6.30 6.06 ANOVA** 5.46 5.49 5.66 ANOVA 6.02 4.95 5.91 ANOVA
(mg/dl) (4.14— (5.44— (5.41— Post-hoc:  (4.63— (4.95— (4.75— NS (5.07— (4.28— (5.11— NS
5.20) 7.15) 6.70) 1-2* 6.30) 6.03) 6.58) 6.97) 5.61) 6.71)
1_3**

p: degree of significance; NS: not significant.

" p<0.05.
" p<0.01.
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Table 4 Comparison of biochemical data considering sex and stage of puberty.

Sex Stage of puberty
Male Female p Tanner 1 Tanner Tanner 5 p
2—-4
25-hydroxy 18.29 18.15 Student’s 20.06 17.38 17.71 ANOVA*
vitamin D (17.01-19.56) (16.79—19.51) t (18.41-21.70) (15.74—19.02) (16.19—19.23) Post-hoc:
(ng/mL) NS 1-2*¢
HOMA 5.43 5.52 Student’s 4.23 6.18 5.66 ANOVA*
(4.70—6.17) (4.62—6.43) t (3.48—4.98) (5.15-7.22) (4.58—6.73) Post-hoc:
NS 1-2*
Triglycerides 103.14 106.22 Student’s 98.30 120.27 94.65 ANOVA
(mg/dl) (91.07—115.20) (89.23-123.18) t (82.31-114.29) (98.39—142.14) (80.44—108.87) NS
NS
HDL-C 44.82 44.36 Student’s 47.07 44.75 42.15 ANOVA*
(mg/dl) (42.82—46.81) (42.29—46.43) t (44.43—49.72) (42.23—47.26) (39.85—44.46) Post-hoc:
NS 1-3*
AST 27.24 21.22 Student’s 26.59 24.19 21.96 ANOVA
(1u/1) (23.05—31.43) (19.72-22.72) £ (23.74-29.43) (20.44—27.93) (17.28—26.64) NS
ALT 34.21 20.53 Student’s 26.17 28.59 26.18 ANOVA
(1u/1) (25.52—42.9) (17.96—23.09) t (22.07-30.27) (20.11-37.07) (16.96—35.40) NS
Uric acid 5.69 5.56 Student’s 4.30 6.07 6.18 ANOVA***
(mg/dl) (5.07—-6.31) (5.15-5.97) t (3.76—4.85) (5.49—6.66) (5.38-6.97) Post-hoc:
NS 1-2%, 13"

p: degree of significance; NS: not significant.

" p<0.05.
" p<0.01.
" p<0.001.
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of puberty. In addition, further studies are needed to analyse
these patients’ actual long-term cardiovascular risk.

Limitations

Our study was not without limitations. These included the
study’s cross-sectional nature and its lack of a control group.
Another limitation was that it was not possible to collect
data on race, which could be considered a risk factor in
obesity. Furthermore, as liver imaging test results were not
available for all patients to assess them for hepatic steato-
sis, this information was not included in this study. Finally,
25-hydroxy vitamin D levels were not determined during the
same season of the year in all patients.

Conclusions

Obese children in our setting were found to have a high fre-
quency of comorbidities. These findings presented us with
the challenge of diagnosing these abnormalities earlier tak-
ing into account the importance of various risk factors such
as age, time since onset of obesity; sex; degree of obesity
evaluated using BMI Z-score and body fat percentage; and
stage of puberty.
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