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The physiological role of Indoleamine 2,3-
Dioxygenase and its relationship with 
obesity in patients with chronic renal 

failure in Nineveh Governorate 
   

A B S T R A C T  
The study included the determination of Indoleamine 2,3-dioxygenase 

(IDO) conc. with other parameters in patients of chronic renal failure (CRF) 

treated with hemodialysis and comparing with control cases, after separation 

of serum from blood samples IDO level has been determined in the serum 

and the conc. of urea, creatinine, Potassium, sodium, glucose, total 

cholesterol, triglycerides, low-density lipoprotein-cholesterol (LDL-C), 

high-density lipoprotein-cholesterol (HDL-C), very low-density lipoprotein-

cholesterol (VLDL-C), vitamin D, total protein, and GFR value in two 

groups. The results have been showing that the conc. of IDO in control cases 

(4.74 ±1.53 ng/ml) and IDO conc. significantly increased in patients 

compared with the healthy control. It has been found that the level of IDO 

increased significantly with age and non-smokers CRF patients and control 

cases. IDO conc.  significantly showed an increment with BMI increasing in 

the two groups. the level of urea, creatinine, Potassium, and glucose showed 

a significant increase while sodium, total cholesterol, HDL-C, LDL-C, 

vitamin D, total protein, and GFR values showed a significant decrease in 

patients compared to control cases.  By using linear regression analysis 

(Pearson correlation coefficient) the results showed a positive correlation 

between IDO and urea, creatinine, and triglycerides and a negative 

correlation with total cholesterol, LDL-C, and GFR. We concluded that IDO 

conc. can be a bioindicator of obesity and could be a promising target to treat 

and control insulin resistance and obesity.  
© 2024JWUPS, College of Education for Girls, University of Mosul. 
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وعلاقته بالسمنة لدى مرضى   داي اوكسجنيز 3-2الدور الفسيولوجي لانزيم اندول امين 

 نينوى محافظة في الفشل الكلوي المزمن
 )2(، رنا فاضل جاسم)1(فاطمة محمد يونس

   جامعة الموصل، الموصل، العراق للبنات،كلية التربية قسم الكيمياء، ( 2،1)

 الخلاصة:

ث ىب رضممملبحث اممموبحثلمزيبحثان لباحثا  ثيالبببدحيبحا سممميا انب-2,3تضمممالبحث تقبتر تربتر انبحمنتنبحم امبح الب

ب ث تمنةبحث  زتةبا ر رمته ب عب يازعةبحلاصمممت فببد   بداممموبحثااممموب لبما لتبحث  بحثتابتنبدا ه ببب  ربتر انبحلامنتنبب

اتالببا ذثكبتر انب وب لبحثازرت باحثلرت ت الباحث زت سمماز باحثاممزدتز باحثلمز زلباحثلزثسممترامبحثلماباحثلماسممرت ح باحث ر

حثم ن ابعم ثابحثلفم دمةبااحلكبحثلفم دمةبااحلكبحثلفم دمةبدم حربثملزثسممممتراثزحث راتالبحثلماباداتم  البديبا اامةب  م مبحثتر مممما ب

اثزحظبحرت  عب   زيبدابتر انبب (ng/ml  1.53± 4.74) حثل ا اببحاقبحظهر بحث ت ئجبحنبتر انبحلامنتنبث ىبحلاصت فببمغ

ف.ب ا بثزحظبحرت  عبدابتر انبحلامنتنب عبحثتر  بب ث اربث ىبحثارضمملباحلاصممت ف.بحلامنتنبث ىبحثارضمملب ر رمةبب لاصممت 

داب لابحثايازعتال.با  بحظهر بحث ت ئجبحرت  عب   زيببt  ذثكبثزحظبحرت  عبدابتر انبحلامنتنب عبلت دةب ؤ ممرب تمةبحثيسممن

زيبدابتر انبحثامزدتز باحثلزثسمترامبحثلماببدابتر انبحثازرت باحثلرت ت الباحث زت سماز باحثلمز زلببا ا بثزحظبحمف   ب   

احث راتالبحث ن ابع ثابااحلكبحثلف دةبثملزثسمممترامباحث راتالبحثلمابادات  البديبا   مبحثتر ممما بحثل ا ابث ىبحثارضممملبب

 ر رمةبب لاصممت فباب سممتف ح بتتماوبحلامت حربحثفمابم    وبحرت  لببارسممزنظبدر بظهر بعلا ةب   زتةبحتي باةببالبتر انبب

حلامنتنبابالبحثازرتم باحثلرتم تا الباحثلماسممممرتم ح بحثفلامامةببا ام بثزحظبادزدبعلا مةب   زتمةبعلسممممامةببالبتر انبحلامنتنبابالبب

تر انبحثلزثسممترامبحثلماباحث راتالبحث ن اباحلكبحثلف دةبثملزثسممترامبا   مبحثتر مما بحثل ا ا.بمسممت تجب لبلثكبحنبتر انبب

ب.ا  بتلزنبن د بعلادا باحع حربثمسامرةبعملب ر ا ةبحلامسزثالباحثسا ةحلامنتنب  بت  ب ؤ رحبعملبحثسا ةب
بمممممممممممممبمممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممبممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممممم

بحثلرت تا الببحثلمز زلببحثسا ةببحثا خ الببحثلماسرت ح بحثفلاماة.ببالكلمات المفتاحية:

https://uomosul.edu.iq/womeneducation/jwups/
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1-INTRODUCTION: 

The damage of the kidney or the glomerular filtration rate (GFR) decreasing lower than 60 

mL/min/1.73m2 over three months is known as Chronic renal failure (CRF). The disease 

progresses with age, diabetes, high blood pressure, high concentration of elements and 

glomerulonephritis [1], [2]. The important role of the kidney is the expel and eliminate waste 

products from the body and regulate acid-base balance and the level of water and electrolytes[1] 

Imbalance of electrolytes and acid-base are the key Causes associated with demineralization of 

bone, muscle catabolism, increasing the risk of CRF and Cardiovascular diseases, and 

mortality. As kidney disease develops it has to deal with the imbalance of electrolytes: sodium, 

potassium, phosphate, magnesium and calcium [2], [3]. Indoleamine 23ب-dioxygenase (IDO) is 

an intracellular cytoplasmic enzyme that stimulates and maintains immunosuppression. It looks 

almost linked to several immune cells, including macrophages, dendritic cells, and monocytes. 

However, IDO affects mainly lymphocytes[4]. IDO is the major catalyzer enzyme of the 

kynurenine pathway (KP), and it has a wide range of immunological action in inflamed areas, 

ranging from activation to immunosuppression. Innate immune cells express IDO1 leading to 

local tryptophan (TRP) catabolism and kynurenine generation, both mechanisms that contribute 

to the immunosuppressive effect[5]. The enzyme also inhibits metabolism in many biological 

systems, which include the reproduction of mammals, viruses, stem cells and the digestive 

system[6]. IDO associates in reciprocal relationship with chronic renal failure disease, where 

the enzyme had been found in glomerular filtration, tubular cells and nephritis as well as IDO 

is associated with diabetic nephropathy and renal fibrosis. IDO affects kidney inflammation 

which is a sign of the beginning of kidney damage[7]. 

Obesity is associated with kidney disease, which leads to glomerular hypertrophy, changes 

in blood circulation, kidney hyperfiltration in addition to increased hyperalbuminemia, Obesity 

promotes a variety of disorders, including metabolic syndrome, high blood pressure, and 

diabetes, which are the leading causes of chronic renal disease[8]. 

 

2-AIM OF THE RESEARCH: 

In the last few years, chronic renal failure and obesity increased in Iraq and there were 

limited studiesببon indolamine 2,3-dioxygenase and obesity, so we suggested studying the 

relationship between the enzyme and obesity in the patients and the correlation of the enzyme 

with some clinical variables. 

 

3-MATERIAL AND METHODS: 

Blood samples were collected from 88 healthy people, including 44 males and 44 females 

with age (15-˃70 years), also blood samples from 74 patients of CRF, including 45 males and 

29 females with age (15-˃70 years) and treated with hemodialysis were collected from Ibn Sina 

Teaching Hospital-Nephrology Unit in Mosul city of Iraq, and the following variables were 

estimated in sera: 

IDO conc. was determined by WUHAN Fine Biotech Co., Ltd Kit (China) using Enzyme-

Linked Immunoassay Technology. The conc. of Urea, creatinine, total protein, glucose, TC, TG 

and HDL-C were estimated using a BIOLABO kit (France), also the conc. of sodium and 

potassium were determined by BIOSYSTM Kit (Spanish), and Vitamin D3 conc. was estimated 

using the BIOMERIEUX kit (France), while LDL-C conc. and VLDL-C conc.ببcalculated by 

Friedewald equation: 

 LDL-C (mmol/L) =Total cholesterol – HDL-C– (TG/2.2) [9],  

and the equation: VLDL-C (mmol/L) =TG (mmol/L)/2.2 [10] respectively.بب 

Furthermore, the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 

equation is used to compute the Glomerular Filtration Rate (GFR)[11]:  
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3-1 Data analysis: 

SPSS was utilized to analyze our study data, and conventional statistical procedures were 

applied to obtain mean and standard division. The T-test was used to compare two variations, 

ANOVA one way was used to analyze more than two variants, and Pearson correlation 

coefficient (r) was used to identify the relationship between different parameters, with P ≤ 0.05 

regarded as statistically significant [12]. 

 

4- The Results and Discussion: 

4-1 IDO concentration in CRF patients and control group: 

The normal conc. of IDO is (4.74 ±1.53 ng/ml) in healthy control group, it wasببconsistent 

with[13] who found the conc. (4.78±0.15 ng/ml) of IDO and close to the conc. (2.60 ± 1.29 

ng/ml) found by[14], as shown in Table (1). 

 

Table (1): IDO conc. in CRF patients and control group  

IDO conc. (ng/ml) mean ± S. D 

Control  Patients 

4.74 ±1.53 13.02 ±4.88*** 
*** Significant variance if p≤ 0.001,         S. D= stander division 

           

As showed in figure (1), we found that IDO conc. significantly increased in patients of 

CRF compared with control group and This result was consisting with[15], [16]. 

Inflammation, insufficiency immune response and immune imbalance is clear features of 

CRF. IDO play essential role in immune regulation and control of inflammation, and increased 

level of IDO is an indicator to impaired in immunoregulation ability in CRF, also, IDO conc. 

indicate to hypoxia and renal ischemia [16]. 

 
Figure (1): IDO level in CRF patients compared with control  

*** Significant variance if p≤ 0.001 
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4-2 IDO level in CRF patients and control group according to the age: 

The results a significant increase in IDO level with age in each group as illustrated in Table 

(2), this result was in agreement with [16]. 

 

Table (2): IDO level in CRF patients and control group according to the age 

Age(year) 
IDO level (ng/ml) mean ± S. D 

Control Patients 

15-35 2.65 ±1.15 10.03 ±3.27 

36-56 6.257 ±1.86 * 14.95 ±2.34 ** 

57-77 7.200 ±2.06 ** 18.09 ±5.43 *** 
* Significant variance vertically at p≤ 0.05, ** if p≤ 0.01, *** if p≤ 0.001 

   S. D= stander division 

 

Pro-inflammatory cytokines increased with Aging and can cause many diseases related to 

age such as CRF. Also, IDO levels increased in inflammation and autoimmune disorders [17]. 

 

4-3 IDO level in CRF patients and control group according to the Smoking: 

As shown in Table (3), The level of IDO in smokers decreased significantly compared with 

non-smokers in each group and this result was consistent with[18]. 

 

Table (3) IDO level in CRF patients and control group according to the smoke 

Smoke 
IDO level (ng/ml) mean ± S. D 

Control group Patients 

non-

smokers 
6.26±2.24 15.94±5.37 

Smokers 2.98 ±1.01* 9.79 ± 2.34 ** 
* Significant varianceبvertically at p≤ 0.05, ** at p≤ 0.01. 

 

Cigarette smoking reduces the activity of IDO, consequently, attenuates the 

immunosuppressive effects of IDO. Many studies showed that tobacco decreases dendritic cell 

number in an animal's lung tissue, and tobacco has an immunosuppressive influence on 

dendritic cell functions. Also, Nicotine affects receptors in dendritic cells leading to defect Th1 

response and reducing interferon IFN-γ production, a potent inducer of IDO. So, Smoking may 

have an indirect effect on IDO via lowering IFN- levels[19]. 

4-4 IDO level in CRF patients and control group according to the BMI: 

The data in Table (4) revealed a significant increase in IDO levels with increasing body 

mass index in each group, and this was consistent with[7]. 

 

Table (4): IDO level in CRF patients and control group according to the BMI 

BMI 
IDO level (ng/ml) mean ± S. D 

Control group Patients 

Normal 3.31±1.86 9.13±3.19 

Obesity 7.0±1.77 ** 13.42±2.90* 

Over 

obesity 

8.63±2.27*** 17.12 ±5.12** 

* Significant differenceببvertically at p≤ 0.05, ** at p≤ 0.01, *** at p≤ 0.001. 

 

Body mass index (BMI) activates the immune enzyme IDO as well as CKD, Obesity is 

linked to abnormal metabolism of amino acids particularly, tryptophan (Trp), which metabolize 

by IDO to kynurenine (Kyn), which is upregulated in the obese subjects. Overexpression of 

IDO1 depletes Trp and decreases the production of other metabolites of Trp such as serotonin, 

which involves in the suppression of appetite and generation of satiety [20]. 
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Adipose tissue is a storage of energy that maintains homeostasis of glucose and lipid. Also, 

it is considered an endocrine organ that secretes many cytokines, such as interleukin-6, 

adiponectin, and leptin, which can cause obesity. In obese individuals, excessive glucose is 

transported into adipocytes to synthesise triglycerides and to form lipid droplets that are stored 

in adipocytes which become hypertrophy and induced to produce proinflammatory cytokines, 

which can cause insulin resistance [7]. 

 Mature adipocytes are critical for the metabolism of Kyn, in obese subjects. So, the 

deficiency of IDO in adipocytes decreases Kyn and protects from obesity. the excessive Kyn 

induces overexpression of the aryl hydrocarbon receptor, which then activated the IL6 

signalling, that can cause the development of insulin resistance and obesity. Additionally, 

vitamin B6 efficiently catalyzes the catabolism of Kyn, reduces the amount of Kyn, and is 

rescued from obesity. Therefore, prevention the accumulation of Kyn could be a promising to 

treat insulin resistance and obesity [7], [20]. 

 

The concentration of some clinical parameters in CRF patients in comparison to the 

control group: 

The results in Table (5) showed a significant increase in the concentration of urea and 

creatinine in patients compared to the control group and these findings were similar to those in 

[21], the kidney failed to remove these metabolites from the blood, thereby its concentration 

increased in the blood[22].  

 Potassium concentration showed a significant increase while sodium concentration 

showed a significant decrease in patients compared to the control group, and these results were 

consistent with [23], [24], Potassium is the cation that is most abundant in intracellular fluid, 

so the impaired in renal regulatory mechanisms can cause high blood potassium level 

(hyperkalemia) which is common in CRF patients because of decrease in eGFR and 

reabsorption [23], Sodium represent the chief mineral in the extracellular fluid that keeps 

balance of fluids in the body and helps muscles and nerves to work properly. Impaired Kidneys 

function and dysfunction of the aldosterone and renin-angiotensin system leads to extra losses 

of fluids, and poor ability to maintain water balance so the patients are more likely to develop 

hyponatremia[25]. 

 The findings also revealed a significant increase in glucose level in patients and these 

results were consistent with [26]. The filtered glucose is completely reabsorbed into the 

circulatory system, which leads to an increase in the conc. of glucose in the blood[27].ب 

A significant decrease had been showed in Table (5) in cholesterol, LDL-C, and HDL these 

results were identical to those [28], [29], the cause may be due to malnutrition or inflammation 

which is a complication of kidney disease, the toxins that not removed by dialysis from the 

body of the patients can interfere with the smell and taste of the patients, so the food loses its 

appeal [29]. 

 the decrease in HDL indicates the progression of chronic kidney disease because HDL 

losses the ability to enhance the efflux of cholesterol from macrophages as well as losses 

antioxidant and anti-inflammatory properties, the cause of the decline in HDL-C level is renal 

dysfunction and decreased eGFR. Also due to reduced synthesis and increased catabolism of 

ApoA-I.  [30].  

The results in Table (3) showed a significant decrease in total Protein conc. in patients 

compared to the control group, and these results were consistent with those found in[31] 

because protein leaks through kidney filters to the urine which cais lled proteinuria[32]. 

Vitamin D3 showed a significant decrease in concentration in patients, and these results 

were consistent with those found in [33] this may be due to malnutrition which results from 
lack of appetite or impaired vit D gastrointestinal absorption, or maybe because of an impaired 

in the enzyme 1α-hydroxylase that converts 25-(OH)vitamin D into 1,25 dihydroxy-vitamin D 

(the active form) [34]. 
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The results presented in Table (5) showed a significant decrease in glomerular filtration in 

patients compared to the control group, and these results were consistent with those in [35], the 

reason for the decrease is due to poor nephron function and may result from diabetic 

nephropathy or an increase in protein concentration This leads to an increase in the pressure of 

the glomerular capillaries[36]. 

 

Table (5): some clinical parameters concentration in CRF patients compared to control. 

Clinical parameters 
Control group 

mean ± S. D 

Patients 

mean ± S. D 

Urea mmol\l 4.68 ± 0.75 24.59 ± 7.99 *** 

Creatinine mmol\l 77.80 ± 11.46 909.5 ± 277.2 *** 

Potassium mmol\l 3.98 ± 0.244 4.47 ± 0.83 * 

Sodium mmol\l 138.9 ± 4.69 129.8 ± 11.27** 

Glucose mg/dl 5.03 ± 0.78 7.7 ± 2.69 * 

TC mg/dl 4.27 ± 0.94 3.28 ± 0.70 ** 

TG mg/dl 1.44 ± 0.341 1.76 ± 0.40 

LDL mg/dl 2.47 ± 0.77 1.68 ± 0.61** 

VLDL mg/dl 0.64 ± 0.26 0.78 ± 0.22 

HDL mg/dl 1.16 ± 0.30 0.76 ± 0.16*** 

Total Protein mg/dl 69.40 ± 3.73 53.61 ± 14.69 *** 

Vitamin D3  ng/ml 30.47 ± 7.26 14.79 ± 4.79 *** 

GFR µmol/l 99.13 ± 19.78 5.23 ± 1.66*** 
* Significant differenceببvertically at p≤ 0.05, ** at p≤ 0.01, *** at p≤ 0.001. 

 

 Correlation between IDO level and some parameters in CRF patients and control 

group: 

Our results in Table (6) showed a significant positive correlation between the level of IDO 

and the concentration of urea, creatinine, and triglycerides and a significant negative correlation 

between the level of IDO and the concentration of cholesterol, LDL, and GFR values. 

 

Table (6): Correlation between IDO concentration and some parameters in controlبgroup and 

CRF patients 

Clinical Parameters 
Control group Patients 

r-value P- value r-value P- value 

Urea mmol\l 0.56 0.029* 0.715 0.0027** 

Creatine mmol\l 0.318 0.247 0.675 0.0080 ** 

Potassium mmol\l 0.472 0.075 0.106 0.7048 

Sodium mmol\l -0.442 0.098 -0.127 0.6498 

Glucose mg/dl 0.238 0.392 0.366 0.1792 

TC mg/dl -0.515 0.059 -0.632 0.0115* 

TG mg/dl 0.243 0.382 0.634 0.0111* 

LDL mg/dl -0.497 0.070 -0.531 0.0414* 

VLDL mg/dl 0.203 0.467 0.387 0.1537 

HDL mg/dl -0.284 0.323 -0.421 0.1176 

Total Protein mg/dl -0.194 0.486 -0.053 0.8492 

Vitamin D3  ng/ml -0.346 0.205 -0.362 0.2033 

GFR µmol/l -0.535 0.048* -0.515 0.0493* 
* Significant differenceببvertically at p≤ 0.05, ** at p≤ 0.01. 

 

Chronic inflammation can increase the level of IDO and causes CRF that the kidneys fails 

to remove the wastes products from the blood, such as urea and creatinine which leading to 

increase their concentration in body, with decline in GRF[37]. 
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Inflammation, oxidative stress, malnutrition, and uremic toxins were proposed as risk 

factors of cardiovascular disease and dyslipidemia in CRF patients which cause increase TG, 

decrease HDL-C, TC and LDL-C level. Also, Inflammation and oxidative stress induce 

IDO[38].  IDO level correlates negatively with GFR because of association of IDO level with 

severity of CRF, since GFR is an important indicator of CRF severity [39]. 

 

5-Conclusion: 

IDO level could be a marker of inflammation in CRF undergoing hemodialysis, and there 

was a strong relation between IDO level and oxidative stress thus TRP to KYN ratio may 

indicate the oxidative stress state in CRF patients. 
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