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ABSTRACT 
Introduction. The incidence of obesity reached alarming rated in pediatric population resulting in a global public 
health problem. The aim of our study consists of the assessment of anthropometric and laboratory parameters in 
obese children. 
Material and method. We performed a retrospective observational study on 155 children, with the age between 5 
and 17 years admitted in the Pediatrics Clinic 1 Tg. Mures, who were divided according to BMI in: group I – 65 chil-
dren with a BMI over percentile (P) 95; group II – 90 children with normal BMI, between P5 and P85.
Results. The mean age of the obese children was significantly higher as compared to normal weight ones 
(p = 0.0007). Parental weight was significantly higher in obese children in comparison to normal weight ones 
(p = 0.0074, p = 0.0062). Anthropometric parameters had significantly higher values in group I as compared to group 
II (p < 0.0001). Most of CBC parameters had significantly higher levels in children with obesity, except for hemo-
globin. T Chol, LDL and TG levels were also significantly higher in obese children as compared to those from control 
group (p = 0.0229 / p = 0.0049 / p = 0.0058), while HDL was significantly higher in normal weight children 
(p = 0.0419). AST and ALT presented significantly elevated levels in case of group I (p = 0.0045 / p < 0.0001).
Conclusions. The incidence of obesity in small ages is increasing. Anthropometric and laboratory parameters might 
represent accurate indicators of obesity in children. 
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INTRODUCTION

Obesity has become during the last decades a glob-
al public health problem independently of the age. 
The evolution of this nutritional disorder is hindered 
by multiple short and long-term complications. Even 
though most of the studies published in the literature 
involve adult populations, the assessment of obesity 
in pediatric ages is particularly important since it is 
well-documented that an obese child is a future obese 
adult. Moreover, the incidence of obesity in pediatric 
patients has reached alarming rates. Thus, the World 
Health Organization stated that the prevalence of obe-
sity nearly tripled since 1975 (1). In 2016, 41 million 
children below the age of 5 years were identified as 
overweight or obese (1). This prevalence increases 
with age since it was noticed that above the age of 5 

years, over 340 million children and adolescent suffer 
from overweight or obesity (1). 

The etiology of obesity is multifactorial involving 
both genetic and environmental factors (2). Genetic 
predisposition expressed by different genes with in-
creased risk for developing obesity in mandatory in 
the determinism of this nutritional disorder (2). Nev-
ertheless, the decisive role for developing the pheno-
type is owned by environmental factors, also known 
as ‘obesogenic’ factors being proved that, except for 
genetic syndromes morbid obesity, in the absence of 
these factors, individuals with genetic predisposition 
will not develop this disorder. The multisystemic 
complications associated with obesity include type 2 
diabetes mellitus, dyslipidemia, metabolic syndrome, 
non-alcoholic steatohepatitis, hepatic fibrosis or cir-
rhosis, and least but not last, a wide spectrum of car-
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diovascular pathologies (3). Contemporary studies 
suggested that these complications might be a conse-
quence of low-grade systemic inflammation identi-
fied in obese patients regardless of the age (4,5). 

Taking into account all the above mentioned facts, 
the assessment of an obese patient might represent a 
multidisciplinary challenge for an early diagnosis of 
potential complications, and ever for their prevention. 
Contemporary medicine focuses on the approach of 
non-invasive or minimally invasive methods in all ar-
eas, especially in pediatric ages where child’s and par-
ents’ compliance are even more reduces when com-
pared to adult patients. Thus, the assessment of weight 
(W), height (H), body mass index (BMI), abdominal 
circumference (AC), hip circumference (HC), mid-
upper arm circumference (MUAC) and tricipital skin-
fold thickness (TST) are among the most used indica-
tors in obese patients. The assessment of 
inflammatory status associated to obesity by analyz-
ing the complete cellular blood count (CBC), acute 
phase reactants or different adipokines might also be 
extremely useful in children diagnosed with obesity 
(6,7). Obesity-associated hepatic conditions are an-
other key point in the assessment of pediatric patients 
with obesity. Despite the fact that hepatic biopsy re-
mains the gold-standard in the diagnosis of hepatic 
diseases, new ultrasonography-based techniques such 
as liver elastography might be useful in predicting he-
patic impairment in both obese adult and pediatric 
populations (8-10). 

AIM

The aim of our study consists in the assessment of 
demographic, anthropometric and laboratory param-
eters in obese children. 

MATERIAL AND METHOD

Our study was a retrospective observational one 
which included 155 children with the age between 5 
and 17 years admitted in the Pediatrics Clinic I Tg. 
Mures since May 2017 until October 2019. Depend-
ing on the BMI, the children were divided into two 
groups as it follows: group I, study group, which in-
cluded 65 children with a BMI above percentile (P) 
95 – obese children; and groups II, control group, 90 
children with a BMI between P5 and P85 – normal 
weight children. The inclusion criterion consisted in 
the age between 5 and 18 years, whereas the exclusion 
criteria were: secondary obesity, associated chronic 
disorders, infectious diseases suggested by symptoms 
or laboratory tests, patients with incomplete data or 
those whose care-givers refused to sign the informed 

consent prior to the inclusion in the study. All patients 
included in the study underwent anamnesis, clinical 
exam with the assessment of anthropometric parame-
ters (W, H, AC, MUAC, HC, TST, and laboratory pa-
rameters (CBC, erythrocyte sedimentation rate – ESR, 
total cholesterol – T Chol, HDL-cholesterol – HDL, 
LDL-cholesterol – LDL, triglycerides – TG, aspartate 
aminotransferase – AST, alanine aminotransferase – 
ALT, glycaemia – GLI, total proteins – T Prot). Re-
garding anthropometric parameters, all patients were 
assessed by a single trained person. Thus, W was 
measured with a scale with an error of ±10 g, for H we 
used a daily calibrated pedometer with a standard er-
ror of 0.1 cm, MUAC was measured at the midpoint 
between shoulder and elbow, TST mas measured at 
the same point on the posterior area of the arm with a 
caliper, AC was assessed at the midpoint between cos-
tal rip margin and anterior ilium spine, and HC was 
assessed on the buttocks. 

The statistical analysis comprised descriptive sta-
tistics elements (mean, median, standard deviation) 
and elements of inferential statistics. Shapiro-Wilk 
test was applied for assessing the distribution of ana-
lyzed series of data. In order to compare the means we 
used t-Student test for unpaired data, t-Student test 
with Welch correction and Mann-Whitney test for 
median comparison. The significance threshold for p 
value was 0.05. The statistical analysis was performed 
using GraphPad Prism trial variant.

All parents/care-givers signed the informed con-
sent for the children inclusion in the study, The study 
was performed according to the principles of the Hel-
sinki Declaration and it was approved by the Ethics 
Committee of the „George Emil Palade“ University of 
Medicine, Pharmacy, Sciences and TechnologyTg. 
Mures no 35/07.04.2017. 

RESULTS

Our study performed on 155 children comprised 
65 obese children and 90 normal weight ones. The 
mean age of obese children included in the study was 
significantly smaller than of normal weight ones, i.e. 
10.25 ± 3.28 versus 12.18± 3.48 years (p = 0.0007). 
The children included in the study group has a sig-
nificantly higher birth weight as compared to those 
from control group, but without statistical signifi-
cance (p=0.1828). Regarding the height, children with 
normal weight included in our study were significant-
ly taller as compared to the obese ones (152.40±15.83 
versus 145.40±18.58 cm, p = 0.0111). We also as-
sessed parental weight, and we noticed that both 
mother’s and father’s weight are significantly higher 
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in case of obese children as compared to the normal 
weight ones (p = 0.0074 / p = 0.0062).

All demographic data of the patients included in 
our study are mentioned in Table 1. 

The anthropometric parameters assessed in both 
groups included in our study comprised BMI, MUAC, 
TST, AC and HC. Thus, all these parameters presents 
significantly higher values in obese children as com-
pared to normal weight ones: BMI 26.87±4.833 kg/m2 
versus 18.9±2.92 kg/m2 (p < 0.0001); MUAC 
29.27±4.546 cm versus 23.59±3.798 cm (p < 0.0001), 
TST 19.34±6.745 mm versus 23.59±3.798 mm (p < 
0.0001), HC 89.2±14.97 cm versus 74.16±12.4 cm (p 
< 0.0001), AC89.29±15.05 cm versus 67.82±9.118 
cm (p < 0.0001) (Table 2). 

Regarding the laboratory tests, we assessed both 
CBC and multiple biochemical parameters in the two 
groups included in our study (Table 3). Most of the 
CBC parameters were significantly higher in obese 
children as compared to normal weight ones, except 
for hemoglobin, which was higher in control group, 
but without statistical significance. ESR as an acute 
phase reactant was also significantly higher in obese 
children as compared to normal weight ones (p = 
0.0344). Among the lipid profile parameters, T Chol, 
LDL and TG were significantly higher in children in-
cluded in the study group in comparison to those from 
control group (p = 0.0229 / p = 0.0049 / p = 0.0058). 
Contrariwise, HDL was significantly higher in chil-
dren with normal weight when compared to obese 

TABLE 1. The demographic characteristics of the two groups
Variables Children with obesity (Study group) Normal weight children (Control group) p

Mean±SD 
(Median) 

Range
[min-max]

Mean±SD 
(Median)

Range
[min-max]

Age (years) 10.25 ± 3.28 (10) [5.00-17.00] 12.18± 3.48 (13) [5.00-17.00] *0.0007
Birth weight (kg) 3.31±0.54 (3.3) [2.095-4.880] 3.28±1.052 (3.2) [2.060-3.670] *0.1828
Actual weight (kg) 59.35±22.54 (58.3) [22.60-109.00] 45.08±14.05 (45.95) [18.30-76.50] <0.0001
Height (cm) 145.40±18.58 (145) [106.00-188.00] 152.40±15.83 (155) [116.00-183.00] *0.0111
Mother’s weight (kg) 75.56±14.18 (75) [47.00-112.00] 69.21±13.60 (66) [45.00-105.00] *0.0074
Father’s weight (kg) 92.92±16.05 (91) [65.00-135.00] 86.16±17.55 (85) [58.00-170.00] *0.0062

TABLE 2. The anthropometric parameters of the two groups

Variables
Study group Control group

pMean±SD 
(Median) 

Range
[min-max]

Mean±SD 
(Median) 

Range
[min-max]

BMI (kg/m2) 26.87±4.833 (26.1) [19.1-40.9] 18.9±2.92 (18.6) [13.5-27.4] <0.0001
MUAC (cm) 29.27±4.546 (29) [20-40] 23.59±3.798 (24) [15-32] <0.0001
TSF (mm) 19.34±6.745 (18.1) [5-37.5] 12.96±4.741 (12.71) [4.56-31.87] *<0.0001
HC (cm) 89.2±14.97 (88) [62-127] 74.16±12.4 (75) [14.36-103] *<0.0001
AC (cm) 89.29±15.05 (89) [59-134] 67.82±9.118 (68) [49-86] <0.0001

TABLE 3. Laboratory parameters of the two groups

Variables
Study group Control group

pMean±SD 
(Median) 

Range
[min-max]

Mean±SD 
(Median)

Range
[min-max]

Erythrocytes (103/µl) 4.969±0.3864 (4.98) [3.66-5.91] 4.821±0.3666 (4.75) [4.191-6.13] *0.0010
Hemoglobin (g/dl) 13.38±1.289 (13.6) [8.3-15.8] 13.53±1.1 (13.3) [10.6-17.1] *0.7841
Leukocytes (103/µl) 8178±2915 (7470) [1222-22720] 7138±1904 (6640) [4180-12190] *0.0045
Neutrophils (103/µl) 4483±2284 (3790) [1950-14180] 3850±1803 (3450) [1170-10050] *0.0464
Lymphocytes (103/µl) 2897±1014 (2680) [1060-7820] 2373±718 (2300) [880-4690] *0.0001
Platelets (103/µl) 337.3±91.48 (321.5) [99-553] 290.6±66.46 (284) [157-485] *0.0008
ESR (mmHg) 13.14±8.782 (12) [2-39] 10.92±8.822 (6) [2-31] *0.0344
T Chol (mg/dl) 159.6±27.32 (156.2) [106.7-233] 149.8±29.6 (146.3) [50.76-220.5] *0.0229
HDL (mg/dl) 44.44±11.31 (43.26) [22.86-76.87] 48.97±12.43 (47.15) [26.77-88.60] *0.0419
LDL (mg/dl) 91.74±25.07 (91.02) [46-169] 80.80±22.25 (77.27) [41-135.9] *0.0049
TG (mg/dl) 105.8±57.01 (90.8) [39.4-358] 85.22±42.39 (77.75) [26-292.8] *0.0058
AST (u/l) 28.4±25.5 (23.9) [12-214.9] 22.44±12 (20.4) [11.1-109.2] *0.0045
ALT (u/l) 28.43±46.65 (18.2) [8.4-373.4] 14.54±9.671 (12.1) [6.6-74.5] *<0.0001
T Prot (mg/dl) 7.559±0.4866 (7.52) [5.84-8.69] 7.497±0.4314 (7.49) [6.34-8.47] 0.4050
Gli (mg/dl) 86.6±10.17 (85.6) [58.5-114.1] 85.63±9.143 (84.4) [49.4-111.5] *0.6597
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ones (p = 0.0419). The assessment of liver function 
pointed our higher values of both transaminases, AST 
and ALT in children diagnosed with obesity as com-
pared to the normal weight ones (p = 0.0045 /  
p < 0.0001). We noticed higher values of T Prot and 
Gli in obese children in comparison to those with nor-
mal weight, but without statistical significance (p = 
0.4050 / p = 0.6597). 

DISCUSSIONS

Childhood obesity reached alarming rates world-
wide resulting in an increase of associated complica-
tions. A study performed on children from Romania 
proved that 11.6% of those below the age of 8 years 
are diagnosed with obesity, whereas 26.8% are over-
weight (11). Similarly, the mean age of the obese chil-
dren included in our study was significantly smaller 
as compared to normal weight children. Multiple 
studies proved that birth weight is influenced by ma-
ternal excessive gestational weight, being significant-
ly higher in newborns from mothers with excessive 
gestational weight gain as compared to those whose 
mothers gained a normal weight during pregnancy 
(12-15). Moreover, a study performed on Romanian 
obese children pointed out a higher birth weight in 
obese children as compared to the normal weight ones 
suggesting that increased birth weight might lead in 
an excessive weight gain during childhood (5). Our 
findings sustain these studies since our study group 
also present a higher birth weight as compared to con-
trol group. Parental weight might influence offspring’s 
weight regarding both genetic factors and dietary hab-
its or sedentary lifestyle (16). Similarly, our study 
proved that parent’s weight was higher in case of 
obese children as compared to normal weight ones. 

Anthropometric parameters are important as a part 
of the non-invasive assessment of obese children, be-
ing correlated with different indicators of visceral fat. 
A study similar to ours, which included 121 obese 
children and 143 normal weight ones pointed out sig-
nificantly higher values of MUAC, TST, AC and HC 
in case of children with obesity than of those included 
in control group (17). Similarly, our results showed 
higher values of anthropometric parameters in obese 
children as compared to normal weight ones. 

CBC parameters are used in diagnosing low-grade 
systemic inflammation associate to obesity (5) given 
the wide-spectrum of complication that result from 
this systemic inflammation. According to a study per-
formed on 223 patients, an increase in BMI is associ-
ated with a higher count of leukocytes, lymphocytes, 
neutrophils and platelets (18). Moreover, it was hy-
pothesized that inflammatory status is better reflected 

by neutrophil count, while the nutritional and general 
ones are better expressed by lymphocyte count (19), 
and the degree of obesity is directly related to the neu-
trophil count (20). Acute phase reactants such as C-
reactive protein and ESR are other parameters that 
were directly correlated with the systemic inflamma-
tory status identified in obese patients (21,22). Other 
studies proved that an increase in platelets count 
might represent an important risk factor in obese pa-
tients (23). Regarding our study, the findings are sim-
ilar to those mentioned above since we also noticed a 
significantly higher number of leukocytes, neutro-
phils, lymphocytes and platelets in obese children as 
compared to those from control group. Moreover, 
obese children presented higher values of ESR in 
comparison to the normal weight ones. 

Lipid profile own a particular importance in the 
assessment of pediatric patients with obesity since 
this disorder is associated with early atherosclerosis, a 
major cardiovascular risk factor that persists into 
adulthood (24). Thus, it was proved that increased 
levels of LDL along with decreased ones of HDL con-
tribute to the formation of atherosclerotic plaques 
(25). Moreover, the association between hypertriglyc-
eridemia and a decrease in HDL might lead to insulin 
resistance (26). Assessing these cardiovascular and 
metabolic risk factors in our study, we noticed that 
despite the small age of the studied population, the 
levels of T Chol, LDL and TG were significantly 
higher in patients diagnosed with obesity as compared 
to those with a normal nutritional status. Moreover, 
significantly lower levels of HDL were identified 
among children from the study group as compared to 
those included in control group. 

It is well-known that obese patients suffer from 
different degrees of liver impairment, from simple 
steatosis to advanced fibrosis, and even cirrhosis. 
Non-alcoholic fatty liver disease has become during 
the last decades the most common form of chronic 
hepatic condition, with a prevalence of 5-17% in 
Western countries (27). Thus, the routine assessment 
off transaminases, bilirubin, fasting glucose and lipid 
profile parameters are useful in patients with meta-
bolic syndrome for the prediction of hepatic impair-
ment (28). Similarly, the obese children included in 
our study had higher values of transaminases and gly-
caemia as compared to normal weight ones. 

The limitations of our study consist of the relative-
ly small sample, the lack of evaluation of genetic fac-
tors and dietary habits in the determinism of obesity, 
but also the fact that the studied population comes 
from a single area of our country. Nevertheless, our 
study might be considered a pilot one being among 
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the few that assessed both anthropometric and labora-
tory parameters in children. 

CONCLUSIONS

Obesity in pediatric ages might represent either a 
risk factor for long-term complications, or the ideal 
moment for their prevention. Anthropometric param-
eters are correlated with obesity in children and might 
represent useful tools for the diagnosis of this disor-
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der. Systemic inflammation associated to child’s obe-
sity might be diagnosed through the assessment of 
CBC parameters or ESR, whose values are higher in 
obese children. Moreover, the evaluation of lipid pro-
file an liver function might prove the early settlement 
of negative multisystemic effects associated to obesi-
ty. Further studies taking into account also other envi-
ronmental factors in order to establish the precise role 
of each of them in childhood obesity determinism. 
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