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Abstract  
Background: Overweight and obesity occur when excess  

fat accumulation increases risk to health, leading to expression  
of co-morbid diseases occur at different thresholds. That's  
why obesity is now recognized as a chronic or non-
communicable disease.  

Aim of Study:  To assess serum uric acid and diet contrib-
uting in its increased concentration level in relation to inflam-
mation in a subsample of obese medical students as compared  
to normal-weight medical students in Faculty of Medicine  
Ain Shams University.  

Subjects and Methods:  The current study is a case control  
study of 63 students among 1220 Ain Shams medical students.  
Our study group was divided into two groups. Group 1 included  
30 students with BMI between 18.5-24.9Kg/m 2 . Group 2  
included 33 students with BMI >!30Kg/m2 .  

Results:  There was significant difference between the two  
groups in weight, waist circumference and waist hip ratio,  
but not for height. As regards CRP serum level, the obese  
group showed significant increase in serum level. In the same  
time there was a significant positive correlation between the  
CRP serum level and BMI, WC and WHR in both groups. On  
the other hand, protein intake was significantly higher in  
obese group than normal weight group, as a part of increased  
caloric intake. When comparing serum uric acid level in the  
two groups there was a statistically significant difference,  
and on searching for a relation between the serum uric acid  
and BMI, WC, CRP and protein intake serum level, a positive  
correlation was found.  

Conclusion:  Serum UA level is a crucial biomarker, it  
could induce inflammation and hence increases adiposity or  
its increase results from increased obesity. Moreover, increased  
serum uric acid is correlated to increased protein intake in  
obese individuals with increased total caloric intake specially  
protein content.  
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Introduction  

THE  high prevalence of overweight and obesity  
represents a great challenge for prevention of  

chronic diseases [1] . The first step in community  
health planning is screening and categorizing over-
weight and obesity via easy and precise methods  
[2] . Obesity, defined as excess of body fat, can be  
detected accurately using Dual-energy X-ray Ab-
sorptiometry (DEXA) and Magnetic Resonance  
Imaging (MRI) techniques [3] . However, these  
methods, in addition to being expensive and time  
consuming, require special skills and they cannot  
be easily performed in large groups of population.  
Body Mass Index (BMI) is considered an accepted  
method for screening general obesity and can  
represent overall obesity without providing any  
information about body fat distribution in particular  
[4] . The use of waist circumference measurements  
is less time-consuming, convenient and simple  
method. It has also been suggested that WHR can  
be used for assessing central obesity, visceral fat  
and the risk factors for chronic diseases [5] . Also,  
Waist/Hip Ratio (WHR) is suggested as an anthro-
pometric indicator to assess central adiposity.  

The exact cause of obesity is not exactly certain;  
however, it seems like a combined relationship  
among biologic, psychosocial, and behavioral  
factors, which include genetic makeup, socioeco-
nomic status, and cultural influences [6] .  

As discussed previously adipose tissue is char-
acterized by increased production of pro-
inflammatory cytokines such as tumor necrosis  
factor-a  (TNF), interleukin-6 (IL-6), and inter-
leukin-1 0  (IL-1 β ), which may generate a frame of  
chronic low-grade inflammation [7] . Besides those  
cytokines, obese individuals present high concen- 
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t=–1.784  
p=0.079  

7 (23.3%)  23 (76.6%)  U=–0.199  
7 (21.2%)  26 (78.7%)  p=0.843  

Control 
 

30 21.5± 1.9 18-24  
Case 30 22.3± 1.7 18-25  
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trations of C-Reactive Protein (CRP), an acute  

phase inflammatory marker mainly produced in  

the liver in response to IL-6 [8] . On the other hand,  
Uric Acid (UA), the final product of purine degra-
dation, has been associated with obesity. Besides  

this UA was found to stimulate the release of  
chemokine monocyte chemoattractant protein-1  

and interleukin-1 β  (IL-1 β ), interleukin-6 (IL-6),  
and tumor necrosis factor- α  (TNF-α) synthesis [9] .  
Uric Acid (UA), the final product of purine degra-
dation, has been associated with obesity.  

Subjects and Methods  

Type of study: Case control study.  

Study setting:  The study was conducted at Ain  
Shams University (ASU) Hospitals.  

Study period: From Jan. 2020 – March 2020.  

Sampling method:  This study was performed  
on simple random sample.  

Sample size: 63 students were included in this  
study.  

Age:  Age group ranges from 19 to 24 years.  

Gender:  No sex predilection.  

Inclusion criteria:  Medical students with BMI  
between 18.5-24.9Kg/m2  and students with BMI  
≥30Kg/m

2
.  

Exclusion criteria:  Students on corticosteroids,  
students with autoimmune or other inflammatory  
diseases, students with incomplete data.  

Consent: A written informed consent was ob-
tained from each student after explaining the aim  

of the study & all the procedures that were done.  

Privacy & confidentiality were concerned. Approval  

was obtained from the ethical committee. The study  

was conducted according to the stipulations of the  

ASU ethical and scientific committee.  

Study method:  Convenience sample.  

Study tools: Using the data supplied by the  
participants project.  

Physical examination: Anthropometric data:  
Weight, height, body mass index, waist, waist hip  
ratio.  

Laboratory investigations:  Serum Uric acid  
level (method of measurement: Colorimetric) and  
Serum hs-CRP (method of measurement: Turbi-
dimetry).  

Dietary assessment: Dietary protein intake  
(method: Food composition analysis software).  

Statistical analysis:  

The collected data was coded, tabulated, and  

statistically analyzed using IBM SPSS statistics  
(Statistical Package for Social Sciences) software  

version 22.0, IBM Corp., Chicago, USA, 2013 and  
Microsoft Office Excel 2007.  

Descriptive statistics was done for quantitative  

data as minimum & maximum of the range as well  
as mean ±  SD (standard deviation) for quantitative  
normally distributed data, median and 1 st & 3 rd  

inter-quartile range for quantitative non-normally  

distributed data, while it was done for qualitative  

data as number and percentage. Inferential analyses  
was done for quantitative variables using Shapiro-
Wilk test for normality testing, independent t-test  
in cases of two independent groups with normally  

distributed data and Mann whiteny U in cases of  
two independent groups with non-normally distrib-
uted data. In qualitative data, inferential analyses  

for independent variables was done using Chi  
square test for differences between proportions.  

While correlations was done using spearman rho  
test for numerical non normally distributed and  

qualitative data. Linear regression model was used  
to find out independent factors affecting serum  
hepcidin. The level of significance was taken at  

p-value <0.050 is significant, otherwise is non-
significant.  

Results  

Statistical results:  

Descriptive statistics of the studied subjects:  

Table (1): Demographic and anthropometric characteristics of studied groups.  

Study  
groups  

No  
Age (years)  
Mean ±  SD  

Age  
range  

Significance Male  Female  Significance  

t 
 

: Independent - Samples t-test. 
U : Mann Whitney test (Chi-Square value). 
* : p<0.05: Is significant but p>0.05: Is not significant.  
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The ages of the participants ranged from 18 to  
25 years, 14 of them were males and 49 were  
females. There was no statistical significance for  
age and sex between different study group.  

Anthropometric measures in different study  

groups: As regards the relation of waist circumfer-
ence measurement, waist/hip ratio and our study  

groups there was a significant difference between  

the lean group and the obese group in females and  
males there was a significant difference between  

the lean group and the obese group with a p-value  
of (0.000*, 0.001*) and (0.034*, 0.047*). While  
height measurements were non sigificant with p-
value of (0.446) between study groups.  

t  
U  
*  

Table (2): Comparing the significance of anthropometric measures in different study groups.  

Groups  
Height  Waist circumferance  Waist/hip ratio  

Mean ±  SD Range  Mean ±  SD Range  Mean ±  SD Range  

Lean  164.67±8.3 151-181  F  76.15±4.8 70-85  F  0.77±0.05 0.65-0.86  
M  77.21±7.2 70-90  M  0.84±0.05 0.78-0.94  

Obese  163.16±7.3 150-183  F  98.55±8.5 89-115  F  0.79±0.16 0.8-1.04  
M  105.14±9.9 89-119  M  0.91 ±0.05 0.86-1.01  

t or U  t=0.776  F  U=0.000  F  t=–2.181  
M  U=1.000  M  t=–7.896  

p-value  0.446  F  p=0.000*  F  p=0.034*  
M  p=0.001 *  M  p=0.047*  

: Independent - Samples t-test.  
: Mann Whitney test (Chi-Square value).  
: p<0.05: Is significant but p>0.05: Is not significant.  

U  
t  
*  

CRP serum levels:  
A- CRP serum levels in different study groups:  

Table (3): Comparing the significance of CRP serum level in  

different study groups.  

CRP  
Groups  

Mean ±  SD  Median  Range  

Lean  2.6± 1.3  2.25  0.5-5.5  
Obese  9.5±6.8  10  7.7-10  
U  
p-value  

U=–6.926  
0.000*  

U: Mann Whitney test (Chi-Square value).  
*: p<0.05: Is significant but p>0.05: Is not significant.  

CRP serum level was found to be significantly  
higher in obese individuals than the lean individuals  
with a p-value of (0.000*).  

B- Correlation between CRP serum levels and  
different anthropometric measures:  

Table (4): Correlation between CRP serum levels and BMI,  

waist circumferance and waist/hip ratio.  

BMI Waist circumferance 
 

Waist/hip ratio  

CRP 
 ρ=0.787 ρ=0.745 ρ=0.267  

p=0.000* p=0.000* p=0.035*  

ρ : Spearman correlation (non-parametric).  
*: p<0.05: Is significant but p>0.05: Is not significant.  

Regarding the correlation between CRP serum  

levels and different anthropometric measures (BMI,  

waist circumference and waist/hip ratio) there was  

a statistically significance difference, with a p-
value of (0.000*, 0.000*, 0.035*) successively  
showing positive correlation.  

Uric acid serum levels:  
A- Uric acid serum levels in different study groups:  

Table (5): Comparing the significance of uric acid serum level  

in different study groups.  

Uric Acid  
Groups  

Mean ±  SD  Median  Range  

Lean  8.9± 1.7  8.7  5.3-12.1  
Obese  
t  
p-value  

10.3± 1.90  10.2  
t=–3.094  

0.003 *  

7.2-17.9  

: Mann Whitney test (Chi-Square value). 
: Independent-Samples t-test. 
: p<0.05: Is significant but p>0.05: Is not significant.  

Uric acid serum level was found to be signifi-
cantly higher in obese individuals than the lean  

individuals with a p-value of (0.003 *).  

B- Correlation between uric acid serum levels and  
different anthropometric measues:  

Regarding the correlation between uric acid  

serum levels and different anthropometric measures  
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BMI, waist circumferance and waist/hip ratio there  

was a statistically significance difference with a  
p-value of (0.020*, 0.024*) successively showing  
positive correlation. As for WHR there was no  

statistically significance difference, between WHR  

serum uric acid with a p-value of (0.251).  

Table (6): Correlation between uric acid serum levels and  

BMI, waist circumferance and waist/hip ratio.  

Table (9): Correlation between uric acid serum levels and  

protein intake.  

Protein intake/kg  

Uric Acid r=0.300  
p=0.017*  

ρ : Spearman correlation (non-parametric).  
*: p<0.05: Is significant but p>0.05: Is not significant.  

BMI Waist circumferance 
 

Waist/hip ratio Discussion  
Uric Acid 

 ρ=0.293 ρ=0.284 ρ =0.147  
p=0.020* p=0.024* p=0.251  

ρ : Spearman correlation (non-parametric).  
r: Pearson correlation (parametric).  
*: p<0.05: Is significant but p>0.05: Is not significant.  

C- Correlation between uric acid Serum levels and  
CRP:  

Table (7): Correlation between uric acid serum levels and  

CRP.  

CRP  

Uric Acid r=0.293  
p=0.020*  

r: Spearman correlation (non-parametric).  
*:  p<0.05: Is significant but p>0.05: Is not significant.  

Regarding the correlation between uric acid  

serum levels and CRP there was a statistically  
significance difference with a p-value of (0.020*)  
showing positive correlation.  

Protein intake:  
A- Protein intake in different study groups:  

Table (8): Comparing the significance of protein intake serum  

level in different study groups.  

Protein intake  
Groups  

Mean ±  SD  Median  Range  

Lean  1.12±0.19  1.1  0.47-1.39  
Obese  1.31±0.26  1.2  1.01-2.05  
U  –2.438  
p-value  0.015*  

U: Mann Whitney test (Chi-Square value).  
* : p<0.05: Is significant but p>0.05: Is not significant.  

Protein intake serum level was found to be  

significantly higher in obese individuals than the  
lean individuals with a p-value of (0.015*).  

B- Correlation between uric acid serum levels and  
protein intake:  
Regarding the correlation between uric acid  

serum levels and protein intake there was a statis-
tically significance difference with a p-value of  
(0.017*) showing positive correlation.  

Obesity has been considered as one of the most  

neglected public health problems, affecting both  
developed and developing countries [10] . The prev-
alence of obesity has increased markedly in the  
last few decades [11]  and a further increase is  
expected in the future due to high consumption of  
high-calorie diets and a sedentary lifestyle.  

Obesity is usually defined as body mass index  
(BMI=kg/m2). Specifically, overweight is defined  
as a BMI between 25.0-29.9kg/m 2  and obesity is  
defined as a BMI of ≥30.0kg/m

2 
 [10] .  

The exact cause of obesity is unknown; how-
ever, there appears to be a complex relationship  
among biologic, psychosocial, and behavioral  
factors, which include genetic makeup, socioeco-
nomic status, and cultural influences [6] .  

It is evidently reported that pro-inflammatory  

markers were significantly higher in obese patients  

compared to healthy individuals. Furthermore,  
obese patients with high IL-6 levels also had in-
creased CRP levels, which is a critical risk factor  

for cardiovascular diseases and type 2 diabetes.  

On the other hand, UA stimulates the release of  
chemokine monocyte chemoattractant protein-1  

and interleukin-1 β  (IL-1 β ), interleukin-6 (IL-6),  
and tumor necrosis factor- α  (TNF-α) synthesis [9] .  
Uric Acid (UA), the final product of purine degra-
dation, has been associated with obesity.  

In an attempt to clarify the relationship of UA  

with the systemic inflammatory response, we in-
vestigated the relationship between serum UA  
levels and inflammatory biomarkers as CRP in  

relation to obesity and relation of protein intake  

to uric acid production or in other words UA serum  

level.  

The present study included 63 subjects:  30  
students with BMI between 18.5-24.9kg/m 2  and  
33 students with BMI ≥30kg/m

2
. This study is a  

part of the Nutritional Assessment of Medical  

Students of Ain Shams University (NAMS/ASU),  
the project was designed to evaluate the nutritional  

status of the undergraduate medical students. All  
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participants were subjected to taking of full medical  

history, 24hrs food recall, general clinical exami-
nation, and assessment of the anthropometric meas-
urement. A serum sample was obtained from all  

subject to estimate their serum levels of hs-CRP  
and uric acid. Finally, the dietary protein intake  

was assessed through the food composition analysis  

software according to Egyptian Food Composition  
tables was prepared by National Nutrition Institute  
(National Nutrition Institute, 2006).  

Regarding anthropometric measures, height-
and weight-based measurements are the most prac-
tical tools for assessing nutritional status because  
of their simplicity and low cost. Of these tools,  
Body Mass Index (BMI) is recommended as a  
globally accepted index for screening general  

obesity and can represent overall obesity without  

providing any information about body fat distribu-
tion and in particular, abdominal obesity [4] . Ac-
cordingly, in our study we divided the students  
into two groups depending on the BMI control  
group with BMI between 18.5-24.9kg/m 2  and obese  
group with BMI >_30kg/m2 . And as expected the  
weight measurements were significantly higher in  

the case group than the control individuals. As  
regards the relation of waist circumference meas-
urement, waist/hip ratio in our study groups there  

was a significant difference between the lean group  

and the obese group.  

CRP was measured in serum of all 63 subjects.  
Serum levels were higher in obese group when  
compared to control individuals. As part of being  
a marker of inflammation in confirming the role  

of adipose tissue in initiating and sustaining low  
grade of inflammation, significant difference in  

its levels between patients and control group is  
expected. This was in agreement with many liter-
atures as Aneta et al., [12] .  

It is not surprising to find significant relation-
ship between CRP and waist circumferenc, CRP  

and waist/hip ratio, which is an indicator of visceral  

obesity since, according to current knowledge, the  

principal place of production of inflammatory  

cytokines and proteins is visceral tissue. This  
finding was also in agreement with previous studies  

[12] .  

On the other hand, protein intake was signifi-
cantly higher in obese group than normal weight  

group, as a part of increased caloric intake. When  

comparing serum uric acid level in the two groups  

there was a statistically significant difference as  

other studies [13] , and on searching for a relation  
between the serum uric acid and BMI, WC, CRP  

and protein intake serum level, a positive correlation  

was found. This indicates that whenever BMI [13] ,  
WC [13] , CRP [14]  and protein intake [15]  increase  
the serum uric acid level increases. The above data  

shows the mutual relation between uric acid and  
obesity as well as inflammation. In other words,  
increased UA level could be caused by increased  

purine catabolism due to increased protein intake  

as a part of increased caloric intake in obese, or  

due to increased adipose tissue hypoxia creating  
a state of low-grade inflammation and so XOR  

activity and thus uric acid production. Another  

explanation could be due to the state of low-grade  

inflammation caused by UA production that leads  

to NADP oxidase activity in adipocytes and thus  
increasing the CRP level and inducing adipogenesis.  

Conclusion:  

Results suggest that CRP as an inflammatory  

biomarker that plays a role obesity. As low grade  
inflammatory process associated with obesity is  
reflected on the CRP serum level in otherwise  

healthy individuals. Additionally, Uric Acid serum  
level is a crucial biomarker, it could be a cause  
that induce inflammation and hence increases  
adiposity or its increase results from increased  

obesity. Moreover, increased serum uric acid is  
correlated to increased protein intake in obese  

individuals with increased total caloric intake  

specially protein content.  
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