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Abstract
Background: Obesity is the most common chronic metabolic disease in children. The global prevalence of obesity
has doubled from 1990 to 2015. Worryingly, the increase is more in children than adults. It has reached epidemic
ranges and is a significant global problem. High-sensitivity C-reactive protein (hs-CRP) is a parameter that is used to
assess inflammation and risk factor for cardiovascular events. Some reports describe an association between hs-CRP
and obesity. The objective of the study is to evaluate anthropometric and metabolic parameters in obese Egyptian
children and correlate them with hs-CRP level.
Results: For anthropometric variables, they were significantly higher in obese group than normal weight except for
height (P value 0.001). A significant difference was reported for all lipid profile parameters between obese and
normal-weight groups (P value 0.001). Also, CRP showed a positive correlation with both BMI as well as total
cholesterol, while no correlation was observed with other parameters of obesity (r: 0.41, 0.29 respectively).
Conclusion: Elevated CRP may have a role in predicting altered lipid metabolism in obese children and this raises
the possibility of cardiovascular diseases. Hence, preventive measures to control obesity is necessary.
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Background
The global prevalence of obesity has doubled from
1990 to 2015. Worryingly, the increase is more in children than in adults. In just three decades, the number
of school-going children and adolescents with obesity
has increased by tenfold, and the International Association for the Study of Obesity and International Obesity
Task Force reckon that 200 million school children
worldwide are either overweight or obese [1]. Children
and adolescents who were obese from childhood to
adulthood were associated with increased risk of many
metabolic abnormalities and type 2 diabetes mellitus,
suggesting that obese individuals show an unfavorable
metabolic profile that is associated with high cardiovascular risk [2, 3]. Cardiovascular risk factors including

combined dyslipidemia, insulin resistance and hypertension. Also, it is associated with low-grade systemic
inflammation. High-sensitivity C-reactive protein (hsCRP) is a parameter that is used to assess inflammation,
and it is a risk factor for cardiovascular events [10] and
elevated arterial stiffness [11]. Moreover, several reports
have described an association between carotid atherosclerosis and hs-CRP [4].
Many studies demonstrated that the atherosclerotic
process starts without symptoms during childhood [5].
And if risk factors are identified early and the corrective
steps are taken, the process can be delayed [6].
This study was carried out to evaluate anthropometric
and metabolic parameters in obese Egyptian children
and correlate them with CRP level.
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Methods
Sample

This is a case-control study carried out in outpatient clinic
of pediatrics in Minia maternity and children hospital,
through the period from March 2018 to June 2019. This
study involved a population of one hundred children (47
females and 53 males) with an age range between 6-12
years, 50 children only with simple overweight as cases; the
obesity was defined according to the sex- and age-specific
growth charts proposed by National Research Center as
BMI ≥ 95th percentile and other 50 age-matched nonobese (BMI between 25th and 85th percentile) children as
controls. All participants were apparently healthy and exclusion criteria were as follows: diabetes, secondary causes
of obesity, chronic diseases or chronic medication as
steroids, and acute infection. Written informed consent
was obtained from the guardians of each participant after
explaining the aim of the study and the study approved by
the ethical committee of Minia University, Egypt.
Anthropometric measurements

All the measurements were taken while participants
were without shoes for height measurements and without sweater and jackets for weighing.
The following data were collected: personal (sex and
date of birth), anthropometric (weight, height, waist, and
hip measurements) were taken. Derived values were calculated according to standardized formulas (Table 1).
The definitions for being obese were derived from the
anthropometric measurement based on the calculation
of body mass index [7].
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profile was determined by the enzymatic
colorimetric method (Eli Tech Clinical Systems). TC
and TG were determined using the Trinder method
(intra-assay coefficient of variation of 1.35% and
2.58%, respectively) and HDL-C intra-assay
coefficient of variation (2.32%) using the method of
selective accelerating detergent (Mindray BS120).
LDL-C was calculated from the previously
mentioned lipids by means of the Friedewald
formula [10]. Measurement of CRP was done by the
method based on particle enhanced turbidimetric
immunoassay (PETIA) technique.
 hs-CRP levels less than 1 mg/dL are considered low
risk. Levels between 1 mg/dL and 3 mg/dL are
considered moderate risk and a level greater than 3
mg/dL is considered high risk for the development
of cardiovascular disease [11].
Blood pressure

Measurements were taken using a mercury sphygmomanometer and the results were plotted on sex-specific
SBP and DBP percentiles [12].
Statistical analysis

Data analysis was done using the SPSS statistical package version 20. Mean and standard deviations were
obtained for anthropometric indices and derived values
of both sexes. Student t test was done to establish the
presence of significant sexual differences. P value less
than 0.05 considered as statistically significant. Pearson’s
correlation coefficient was done to test the association
between CRP, blood pressure, and metabolic parameters.

Biochemical parameters
 Blood samples were taken early in the morning with

the participants fasting (minimum 12 h). Lipid
Table 1 Anthropometric variables and derived values in the
present study: technique of measurements or equation for
calculation
Measurements

Equipment, technique, or equation

Weight

Using standard weighing scale
(to the nearest kg)

Height

Using a stadiometer (to the nearest cm)

Waist circumference
(WC)

By applying the non-stretchable tape at the
midway level between the highest point of the
iliac crest and costal margin at quiet
respiration [8]

Hip circumference
(HC)

By applying the non-stretchable tape at the level
of the highest protrusion of the buttocks [9]

Body mass index
(BMI)

BMI = body weight (in kg) divided by (height)2
(in m2 ) [7]

Waist to hip ratio
(WHR)

WHR = waist circumference (in cm) divided by
hip circumference (in cm) [8]

Results
A total of 100 participants were included 53 boys and 47
girls with a mean age (8.6 ± 3.4 and 8.7 ± 3.1) for control and obese group respectively.
Table 2 showed a non-significant difference between
obese and normal-weight group as regarding age, height,
W/hip ratio and SBP. For other anthropometric variables, they were significantly higher in the obese group
than normal weight. DBP and metabolic parameters
were significantly higher in the obese group than those
of normal weight group except for HDL which was
significantly lower in the obese group.
The participant’s BP was mostly in the normal range,
the percentage of participants with a normal BP in the
normal and obese groups was 52.28% and 47.72%, respectively. The highest percentage of total cholesterol was
found in “high” category in obese children (66.66%). The
highest percentage of triglyceride was found in “high” category in obese children (56.7%). The most prevalent LDLC group was obese children in the “high” range at 62.5%
and the highest percentage of participants in terms of
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Table 2 Statistical differences in anthropometric measures,
blood pressure, and metabolic parameters in normal weight
and obese children
Normal weight (N = 50)

Obese (N = 50)

P value

8.6 ± 3.1

8.56 ± 3.57

0.33

Weight/kg

31.92 ± 10.88

52.81 ± 19.56

0.0001

Height/cm

135.82 ± 21.02

134.36 ± 20.23

0.79

BMI (kg/m )

19.47 ± .97

32.14 ± 1.89

0.001

WC/cm

55.16 ± 4.14

87.64 ± 4.95

0.001

Age
Anthropometric
measures

2

HC/cm

69.68 ± 8.04

89.79 ± 10.21

0.001

WHR

0.81 ± 0.06

0.91 ± 0.07

0.28

SBP (mmHg)

99.63 ± 9.45

109.84 ± 8.91

0.68

DBP (mmHg)

63.12 ± 6.13

72.68 ± 8.15

0.048

Blood pressure

Metabolic profile
TC (mg/dl)

141.73 ± 37.26

169.64 ± 25.04

0.006

HDL (mg/dl)

61.42 ± 9.01

47.59 ± 16.13

0.001

LDL (mg/dl)

85.74 ± 1.14

109.35 ± 35.12

0.001

TG (mg/dl)

98.26 ± 9.72

129.84 ± 26.48

0.001

hs-CRP

2.2 ± 1.16

4.19 ± 1.94

0.001

Hb A1c

4.98 ± 1.24

5.11 ± 0.45

0.001

BMI body mass index, WC waist circumference, WHR waist to hip ratio, SBP
systolic blood pressure, DBP diastolic blood pressure, TC total cholesterol, HDLC high-density lipoprotein cholesterol, LDL-C low-density lipoprotein
cholesterol, TG triglyceride, hs-CRP high-sensitive C-reactive protein, HbA1c
glycated hemoglobin

HDL-C was obese children in the “borderline” category at
75% (Table 3).
Children were divided into three subcategories based
on their hs-CRP levels (< 1, 1-3, and > 3 mg/L) and there
was a highly significant difference between the two studied groups (Table 4).
Statistical analysis of the anthropometric measures,
blood pressure, and metabolic parameters for obese children with hs-CRP < 3and those with CRP > 3 revealed
that all variables showed insignificant difference except
for waist circumference and waist/hip ratio (Table 5).
Correlation between hs-CRP and other parameters
revealed that in the obese group, both BMI and TC
showed a positive significant correlation with hs-CRP
levels while no correlation was observed between hsCRP and other parameters of obesity (Table 6).

Discussion
The high prevalence of obesity has become a major
global health challenge, since obesity is associated with
severe health consequences, contributing to the increase
in cardiovascular morbidity and mortality [1].
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The present study was done on two groups of comparable age and sex: obese children and control group of
normal-weight children. Regarding age and gender, the
study revealed no significant difference between both
groups. This is similar to the results reported by Pyke
[13] who found no significant difference between boys’
and girls’ obesity. Also, Bahar et al. [14] reported no
significant difference in serum lipid levels between the
boys and the girls in any age group. On the other hand,
LaFrance et al. [15] found that boys’ obesity was higher
than girls’ obesity. These differences may be due to the
difference in localities, sample size, cultural, and/or
socioeconomic causes, and BMI is the most frequently
used measure of weight in relation to height. It has been
described as the backbone of the obesity classification
system and surveillance statistics. In the present study,
we found that the BMI was significantly higher in obese
children as compared to normal-weight children.
Although BMI does not distinguish between weight associated with muscle and weight associated with fat [16].
On the other hand, data of prospective studies showed
that each increase of 5 kg/m2 in BMI was associated with
40% higher cardiovascular mortality [17]. Anthropometric measurements are non-invasive and inexpensive
method to assess patients’ nutritional status and have
been suggested for wide use in clinical practice [9].
Measuring abdominal circumference in addition to general obesity has been recommended in order to improve
cardiometabolic risk assessment. As the pattern of fat
distribution has been shown to have a large influence on
cardiometabolic risk and as a result, abdominal obesity
seems to predict the development of cardiovascular
diseases better than overall obesity [18]. Waist circumference is an indicator of the distribution of abdominal
or visceral fat, and also is an indicator for insulin resistance, type 2 diabetes, dyslipidemia, and cardiovascular
disease in the form of high blood pressure in childhood
and adulthood [19]. In the present study, WC was
significantly higher in the obese group than the normal
weight one. This is in accordance with the International
Diabetes Federation has recommended including WC as
a screening marker of abdominal obesity in children and
has defined WC as one of the risk criteria for metabolic
syndrome in children > 10 years old [20]. Also, it was
observed that obese individuals had higher nonsignificant WHR levels than those with a normal weight.
The mean systolic BP did not differ significantly among
the two study groups; however, the mean diastolic BP
showed a significant difference. Obese children had
higher diastolic blood pressure than normal-weight children, by 9.56 mm Hg. In the present study, two of the
obese group was actually hypertensive. These results in
accordance with studies conducted in Shanghai, China,
the Caribbean, and Turkey, which all indicated that
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Table 3 Sample distribution by lipid profile and blood pressure in normal weight and obese children
Variables

Normal weight (N = 50)

Obese (N = 50)

Total (N = 100)

47 (52.8%)

42 (47.2%)

89 (100%)

Blood pressure
Normal (< 90th percentile)
Pre-hypertensive (90-95th percentile)

3 (33.33%)

6 (66.66%)

9 (100%)

Hypertensive (> 95th percentile)

0

2 (100%)

2(100%)

39 (54.92%)

32 (45.08%)

71 (100%)

Total cholesterol (mg/dl)
Acceptable (< 170)
Borderline (170-199)

8 (40%)

12 (60%)

20 (100%)

High (≥ 200)

3 (33.33%)

6 (66.66%)

9 (100%)

20 (62.5%)

12 (37.5%)

32 (100%)

Triglyceride
Acceptable (< 90)
Borderline (90-129)

17 (44.7%)

21 (55.3%)

38 (100%)

High (≥ 130)

13 (43.3%)

17 (56.7%)

30 (100%)

Acceptable (> 45)

42 (60%)

28 (40)

70 (100%)

Borderline (40-45)

5 (25%)

15 (75%)

20 (100%)

High (< 40)

3 (30%)

7 (70%)

10 (100%)

36 (55.4%)

29 (44.6%)

65 (100%)

HDL-C (mg/dl)

LDL-C (mg/dl)
Acceptable (< 110)
Borderline (110-129)

11 (40.7%)

16 (59.6%)

27 (100%)

High (≥ 130)

3 (37.5%)

5 (62.5%)

8 (100%)

overweight and obese children had higher BP [21, 22].
Obesity predisposes to hypertension because of concomitant metabolic and hemodynamic abnormalities
leading to inadequate lowering of systemic resistance
and, therefore, to more severe cardiovascular burden
[23]. Many of cardiovascular complications related to
obesity may begin in childhood and adolescence. Furthermore, it has been shown that obesity is associated
with the development of early myocardial and coronary
artery changes in children [24]. Hypertension may also
increase cardiovascular risk by causing chronic endothelial injury promoting structural and functional vascular
alterations, especially in the microvascular network [25].
Dyslipidemia is a fat metabolism disorder that occurs
as a result of the interaction between genetic and environmental factors. Regarding lipid profile, there was no
significant difference between obese girls and boys, but
LDL, serum TG, and serum TC were significantly higher
in obese children as compared to control. However,
HDL was significantly lower in obese as compared to
normal-weight children.
Table 4 hs-CRP levels in normal weight and obese children
hs-CRP levels

< 1 mg/L 1-3 mg/L > 3 mg/L X2

Normal weight group 2

42

6

Obese group

27

22

1

P value

12.74 0.002

This was in accordance with Kim et al. [26] found that
all types of lipids were significantly associated with obesity. Also, Horri and Vakil [26, 27] stated that serum TG
and cholesterol levels were significantly higher in obese
children and adolescents. In addition, HDL-cholesterol
was significantly lower in the obese children than
control. Total cholesterol levels in the blood are greatly
affected by a person’s food intake. Diets high in saturated fat can raise the levels of total cholesterol in the
blood stream. Also saturated fats, carbohydrates can
affect total cholesterol levels [28].
A study on overweight and obese children indicated
that high sedentary activity is associated with low HDLC [21] which is a known risk factor for cardiovascular
disease. In the present study, 22 subjects out of 50 of the
obese group were having CRP more than 3 mg/L. This
high level of CRP obtained was probably a reflection of
presence of subclinical inflammation. As all participants
were examined systemically to rule out any recent infection or other inflammatory states. A positive significant
correlation was observed between BMI and CRP levels
in obese children, but the same degree of correlation
was not seen between CRP and other anthropometric
measurements. Earlier studies also have shown similar
positive correlation between BMI, WC, and CRP [29].
Although obese children had significant differences in
lipid levels as compared to controls, the correlation
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Table 5 Anthropometric and biochemical characteristics of the obese children according to hs-CRP level
Parameters

With hs-CRP < 3 (N = 28)

With hs-CRP > 3 (N = 22)

P value

Age (years)

8.41 ± 3.57

8.51 ± 3.44

0.87

Anthropometric measures
Weight (kg)

49.87 ± 18.45

51.57 ± 19.64

0.75

Height (cm)

129.78 ± 24.43

133.58 ± 22.65

0.73

BMI (kg/m2)

31.54 ± 3.04

32.15 ± 2.17

0.12

WC (cm)

87.14 ± 3.11

87.31 ± 4.84

0.03

HC (cm)

86.24 ± 7.32

88.82 ± 10.24

0.64

WHR

0.88 ± 0.11

0.91 ± 0.02

< 0.001

SBP (mmHg) > 120

111.02 ± 8.04

109.97 ± 9.87

0.32

DBP (mmHg) > 70

72.33 ± 7.92

73.87 ± 8.04

0.93

HDL-C (mg/dL)

47.27 ± 13.67

41.02 ± 11.64

0.45

LDL-C (mg/dL)

104.95 ± 29.87

108.24 ± 31.45

0.79

Blood pressure

Metabolic profile

TG (mg/dL)

116.54 ± 23.64

124.33 ± 21.57

0.67

TC (mg/dL)

169.37 ± 19.83

174.12 ± 21.45

0.69

Hb A1c

5.75 ± 0.81

6.13 ± 0.65

0.62

BMI body mass index, WC waist circumference, WHR waist to hip ratio, SBP systolic blood pressure, DBP diastolic blood pressure, HDL-C high-density lipoprotein
cholesterol, LDL-C low-density lipoprotein cholesterol, TG triglyceride, TC total cholesterol, HbA1c glycated hemoglobin

between CRP and parameters of lipid profile in the
present study was not significant except for total
cholesterol. The adverse cardiovascular risk profile in
obese individuals is characterized by high blood pressure, dyslipidemia, and hyperglycemia, elevated level
of CRP and a higher level of other biomarkers of
cardiovascular risk [30].
Table 6 Correlation analysis between hs-CRP and other
parameters for the study group
Pearson correlation
coefficient

P value

Age (years)

−0.99

0.42

Weight

0.14

0.14

Height

0.24

0.64

BMI (kg/m2)

0.41

0.02

WC

0.31

0.08

WHR

0.12

0.19

SBP

0.06

0.72

DBP

-0.04

0.61

TC (mg/dL)

0.29

0.04

HDL-C (mg/dL)

0.13

0.14

LDL-C (mg/dL)

0.11

0.39

Hb A1c

0.08

0.62

BMI body mass index, WC waist circumference, WHR waist to hip ratio, SBP
systolic blood pressure, DBP diastolic blood pressure, TC total cholesterol, HDLC high-density lipoprotein cholesterol, LDL-C low-density lipoprotein
cholesterol, HbA1c glycated hemoglobin

Conclusion
Elevated hs-CRP may have a role in predicting altered
lipid metabolism in obese children and this raises the
possibility of cardiovascular diseases. Hence, preventive
measures to control obesity are necessary.
Obese children exhibit several risk factors for the development of cardiovascular diseases, and that metabolic
syndrome is already a reality for many children, being
present in 27.3% of the obese children investigated here.
Exercise intervention reduces CRP, may be effective in
preventing the occurrence of cardiovascular events.
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