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Abstract 

Background: Obesity is a multifactorial metabolic disease resulting from behavioral and genetic factors. 

Obesity is linked to diabetes mellitus and hypertension, which are considered as major risk factors for 

chronic kidney disease (CKD); moreover, it has a direct effect on developing CKD and end stage renal 

disease (ESRD). Here was aimed to examine the association between uncoupling protein 2 (UCP2) gene 

expression and obesity in CKD patients.  

Methods: UCP2 gene expression was analyzed by real time polymerase chain reaction (RT-PCR) in 93 

participants divided into three groups. The groups included 31 non-obese CKD patients, 31 obese CKD 

patients, and 31 healthy, age-matched, unrelated volunteers as a control group.  

Results: UCP2 gene expression was significantly relevant when comparing the non-obese CKD and 

obese CKD groups to the control group (p< 0.001). No significant association was found when the 

groups were compared by gender; Chi-square (X2) was 2.38 and p= 0.304. A significant negative 

correlation was found between UCP2 gene expression and BMI in CKD (p< 0.05).  

Conclusions: These results indicate that UCP2 gene expression plays a significant role as a risk factor for 

obesity in CKD patients.  
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Introduction 
Chronic kidney disease (CKD) is characterized 

by kidney function or structure abnormalities 

for more than three months with health 

implications. Chronic kidney disease criteria are 

based on the presence of kidney damage, such 

as albuminuria or decreased glomerular 

filtration rate (GFR) (1). 

Kidney disease is increasing and considered 

a public health threat globally with an estimated 

more than 750 million patients (2). 

Epidemiologic data is mostly related to the 

disease’s late stages; more than 2 million 

patients are treated with renal replacement 

therapy (RRT), which includes renal 

transplantation, peritoneal dialysis, and 

hemodialysis, yet this number may describe 

 
 

 

only 10% of patients who need continuous 

treatment to survive (3). 

The worldwide prevalence of obesity and 

overweightness has doubled since 1980 to an 

extent that nearly one third of the world’s 

population is now classified as overweight or 

obese (4). Obesity and overweightness are 

defined by the World Health Organization 

(WHO) as excessive or abnormal 

accumulation of fatty tissue that represents a 

significant health risk. 

The body mass index (BMI) is a metric used 

to classify degrees of adiposity, calculated by 

dividing the body weight in kilograms by the 

height squared in meters. According to the 

National Institute of Health (NIH), obesity is  
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defined as BMI equal to or greater than 30 (5). 

Obesity adversely affects nearly all the 

body’s physiological functions and comprises 

a major health threat. It increases the risk for 

developing many disease conditions, such as 

cardiovascular diseases, diabetes mellitus 

(6,7), various cancers (8), an array of musculo-

skeletal disorders (9), and poor mental health 

(10), all of which have negative effects on the 

quality of daily life, productivity, and 

healthcare costs. 

Among its various complications, obesity 

has been shown to directly affect kidney 

function with or without other etiological 

factors (11) and is considered a major risk 

factor for chronic kidney disease development. 

Moreover, it has been linked to acceleration of 

existing kidney disease (12). 

In addition, obesity and overweightness in 

patients with end‐stage kidney disease represent 

a significant risk factor for its development after 

adjusting for other probable parameters 

including smoking, age, myocardial infarction 

(MI) history, hypertension, lipid profile, and 

diabetes (13). Thus, new therapeutic approaches 

are needed to prevent or decelerate obesity’s 

harmful effects on the kidney. 

Uncoupling protein 2 (UCP2) is located in 

the inner mitochondrial membrane. UCP2 is a 

transporter involved in dispersing the proton 

gradient, which can decrease reactive oxygen 

species (ROS) production and thus enhance cell 

survival (14). It is widely produced in various 

cell types, including renal tubular cells (15,16), 

and has a major role in controlling the 

mitochondrial production of ROS (17,18). 

Ultimately, UCP2 protects tissue cells from 

injury caused by oxidative stress. 

Moreover, UCP2 is involved in other 

pathological and physiological processes, 

including glucose metabolism, 

neurodegeneration, inflammatory response, 

fatty acid oxidation, and apoptosis. It is also 

involved in energy balance regulation (19). On 

the basis of the central role of UCP2 gene 

expression in the development of obesity and its 

consequences, it was hypothesized that UCP2 

gene expression is a risk factor for obesity in 

CKD patients. 

Materials and Methods 

The study was conducted in the Medical 

Biochemistry and Internal Medicine 

Departments, Faculty of Medicine, Zagazig 

University. Approval for the study was obtained 

from the Institutional Review Board (IRB). 

This case-control study included 93 adult 

subjects divided into three groups; group I 

included 31 CKD patients with BMIs> 30, 

group II included 31 normal-weight CKD 

patients, and group III included 31 healthy 

subjects as controls who were age- and sex-

matched with the patients. Individuals on 

hormonal therapy and/or with histories of 

congenital renal disorders were excluded.  

Blood Sampling 

Whole blood samples were collected in sterile 

EDTA-containing tubes and stored at -20 °C 

until analysis. Total RNA was extracted from all 

samples using a Simply P kit (Qiagen, 

Germany).  

Reverse Transcription 

RNA was reverse transcribed using a Maxime 

RT Premix kit with these conditions: 75 °C for 5 

min, 60 °C for 60 min, and 90 °C for 5 min. 

Real-Time RT-PCR 

Real-time PCR was conducted using a real-time 

cycler. All reactions were performed in 

duplicate. Samples were amplified in 20 μL 

reactions containing 1 µL of template DNA, 1 

µL of each primer (1 µM), and 10 µL of 2X 

PCR Master mix solution (Qiagen, Germany). 

Relative gene expression changes were 

calculated using the 2-ΔΔCT method, as described 

by Livak and Schmittgen (12). 

Statistical Analysis 

Data were analyzed using SPSS version 23, and 

expressed as mean±SD, median, frequency, and 

percentage. Student's t test, ANOVA F-test, and 

chi-squared (X2) test were used when 

appropriate. p< 0.05 was considered statistically 

significant. The analysis was based on the 

accuracy of the identified UCP2 gene to 

diagnose the presence of obesity in CKD patients
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as determined using receiver operator 

characteristic (ROC) curves as area under the 

curve (AUC) value, sensitivity, and specificity. 

Results 
Group I included 16 males and 15 females 

with a mean age of 55.2±6.3. Their mean BMI 

was 33.99±1.4 Kg/m2. Group II included 18 

males and 13 females, with a mean age of 

52.8±6.3 years. Their mean BMI was 

23.1±1.04 Kg/m2 (Tables 1 and 2) No 

significant association was found when the 

groups were compared according to gender 

(X2 was 2.38 and p= 0.304). (Table 1). The 

UCP2 gene expression means were 0.2 in 

group I, 0.63 in group II, and 0.95 in the 

control group. UCP2 gene expression showed 

a significant association between groups I and 

II when compared with the control group (p< 

0.001) (Table 3).  

A scatter plot identified a significant 

negative correlation between UCP2 gene 

expression and BMI for group II (p= 0.001) 

(Fig. 1). 

The sensitivity and specificity of UCP2 

expression in group II sera, a good predictive 

test for obesity, were assessed using ROC 

curve analysis. UCP2 expression levels 

showed high sensitivity and specificity, at 96.8 

and 91.2% respectively, with a cut off value≤ 

0.375% (Fig. 2). 

 

Table 1. Socio-demographic characteristics of control, non-obese CKD, and obese CKD groups. 

Control group 

(N= 31) 

Non obese CKD 

Group 

(N= 31) 

Obese CKD 

group 

(N= 31) 

Test of sig. p 

Age per year 

Mean ±SD 

Median (min-max) 

52.7±2.5 

53(47-57) 

52.8±6.3 

53(43-66) 

55.2±6.3 

55(42-65) 

F=2.1 0.13 

Sex no. (%) 

Male 

Female 

10(32.3) 

21(67.7) 

13(41.9) 

18(58.1) 

16(51.6) 

15(48.4) 

χ 2 

= 2.38 

0.304 

 

Table 2. Anthropometric measures of control, non-obese CKD, and obese CKD groups.  

Control group 

(N= 31) 

Non obese 

CKD group 

(N= 31) 

Obese CKD 

group 

(N= 31) 

F test p value 

Weight/kg 

Mean ±SD 

Median 

(Range) 

75.29±5.1 

74 

(65-85) 

75.1±3.7 

74 

(68-83) 

100.5±8.4 

97 

(88-115) 

178.9 <0.001 

Height/cm 

Mean ±SD 

Median 

(Range) 

181±6.5 

181 

(169-191) 

180.4±6.1 

180 

(169-191) 

171.8±5 

170 

(165-182) 

23.9 <0.001 

BMI 

Mean ±SD 

Median 

(Range) 

22.9±0.98 

23.2 

(21.9-24.4) 

23.1±1.04 

23.6 

(20.9-24.4) 

33.99±1.4 

34 

(30.2-36.3) 

919.9 <0.001 

 

 

Table 3. UCP2 gene expression in control, non-obese CKD, and obese CKFD groups.  

Control group 

(N= 31) 

Non obese CKD 

group 

(N= 31) 

Obese CKD 

group 

(N= 31) 

F test p value 

UCP2 gene expression 

Mean ±SD 

Median 

(range) 

0.997±0.25 0.95 

(0.42:1.53) 

0.618±0.144 

0.63 

(0.35:0.91) 

0.196±0.093  

0.2 

(0.02:0.43) 

158.6 <0.001 
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.  

Fig. 1. Scatter plot showing the correlation between UCP2 gene expression and BMI for group I. 

 
Fig. 2. Receiver operating characteristic (ROC) curve analysis.  

 

Discussion 
Obesity prevalence has risen globally over the 

past thirty years (20). The WHO defines obesity 

as excessive accumulation of fatty tissue, which 

represents a significant risk to health (4). 

Despite its simple definition, obesity is actually 

a syndrome that results from positive energy 

balance chronicity. Excessive carbohydrates are  

 

converted to fat, which is stored in adipose 

tissue that increases in size, leading to 

increasing body fat and weight gain (21). As a 

mitochondrial transporter protein regulating 

glucose oxidation, lipid metabolism, and energy 

homeostasis, UCP2 plays a pivotal role in the 

development and management of obesity. 
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Damage to the mitochondria or its dysfunction 

are linked to various kidney diseases, including 

acute renal injury and CKD (22). 

A significant mitochondrial function is to 

supply energy required by the kidney to clear 

wastes from blood and to regulate water and 

electrolyte balance. The energy production in 

cells occurs via the electron transport chain 

(ETC), which is located on the inner 

mitochondrial membrane and participates in the 

process of oxidative phosphorylation (23). 

UCPs, also found on the inner mitochondrial 

membrane, comprise a superfamily of anion 

carrier proteins that uncouple oxidation from 

energy production with energy released as heat 

(23). Therefore, we explored the possible role 

of UCP2 gene expression in Egyptians as risk 

factor for obesity in CKD patients. 

There was a significant association of UCP2 

gene expression in the non-obese and obese 

CKD groups when compared with the control 

group. However, no significant association was 

seen when the groups were compared according 

to gender.  

Moreover, our results showed a significant 

negative correlation between UCP2 gene 

expression and BMI for the obese CKD group 

(group II).  

Our results agreed with those of Kovesdy et 

al., as they reported that obesity affects kidney 

function; also, Ikizler et al. and Stenvinkel et al. 

found that adipose tissue‐specific events may 

contribute to pathological changes that 

aggravate CKD complications and negatively 

influence outcomes (24, 25, 26). 

These findings could be attributed to pro-

inflammatory adipokines and hormones 

released from adipose tissue, such as tumor 

necrosis factor (TNF)-α, interleukin (IL)-6, and 

leptin, which have been incriminated in the 

development of vascular and renal injury 

observed in obese individuals (27). 

In line with our data, Oberkofler et al. and 

Sujata et al. showed that UCP2 gene expression 

was less in obese subjects than in controls (28, 

29). Our results also agreed with Nordfors et al., 

who reported that UCP2 gene expression was 

28% less in obese subjects than in controls (p= 

0.001) (30). 

Moreover, Margaryan et al. and Brandao et 

al. reported that UCP2 mRNA expression was 

less in obese than in normal weight subjects. 

The reduction in UCP2 expression might 

induce less active thermogenesis and adipose 

tissue fat accumulation (31, 32). Oliveira et al. 

findings also supported ours, as they found that 

UCP2 gene expression was down regulated in 

obese patients (33). 

On the other hand, Millet et al. found no major 

alteration of UCP2 gene regulation in obese 

subjects (34). In another study, Simoneau et al. 

suggested that UCP2 expression is not related to 

basal energy expenditure in humans (35). 

This could be attributed to different study 

parameters as Millet et al. examined the effect 

during fasting, and in case of Simoneau et al., 

there was decrease in the lean body mass. 

Our results suggest that UCP2 gene expression 

could be used as a genetic obesity biomarker in 

Egyptian CKD patients. 
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