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ABSTRACT 

Background: Cardiometabolic disorders, including cardiovascular disease and type 2 diabetes mellitus (T2DM), represent 

a major global health burden and are closely associated with metabolic abnormalities such as obesity, dyslipidemia, and 

impaired glucose regulation. Disease progression is strongly influenced by chronic low-grade inflammation and 

dysregulated immune responses. Tryptophan, an essential amino acid, plays an important role in immune regulation and 

maintenance of inflammatory homeostasis. Overactivation of the kynurenine pathway leads to the accumulation of toxic 

metabolites, which promote inflammation and increase the risk of atherosclerosis, pulmonary arterial hypertension 

(PAH), and non-alcoholic fatty liver disease (NAFLD). 

 

Methods: This study was conducted between October 2024 and February 2025 and included total 150 participants. 

Ninety patients with cardiometabolic disorders were enrolled, including 30 patients with coronary artery disease (CAD) 

combined with T2DM, 30 patients with CAD combined with PAH, and 30 patients with CAD combined with NAFLD.  

Sixty apparently healthy individuals served as a control group. Venous blood samples were collected from all 

participants. Hematological parameters were evaluated using an automated complete blood count analyzer. Serum levels 

of indoleamine 2,3-dioxygenase (IDO) and tryptophan 2,3-dioxygenase (TDO) were determined using enzyme-linked 

immunosorbent assay techniques. CD8+ T cell expression was determined using flow cytometry. All patients had 

angiographically confirmed coronary artery disease. 
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Results: Serum IDO levels were significantly elevated in patients with CAD combined with T2DM (4.85 ± 1.21 ng/mL), 

CAD combined with PAH (4.32 ± 1.08 ng/mL), and CAD combined with NAFLD (5.01 ± 1.34 ng/mL) compared to the control 

group (2.13 ± 0.74 ng/mL; P < 0.01). Similarly, serum TDO levels were significantly higher in CAD + T2DM (3.76 ± 0.98 

ng/mL), CAD + PAH (3.54 ± 0.87 ng/mL), and CAD + NAFLD (3.92 ± 1.05 ng/mL) than in controls (1.89 ± 0.63 ng/mL; P < 

0.01). CD8⁺ T-cell proportions were also significantly increased in CAD + T2DM (32.4 ± 5.8%), CAD + PAH (30.7 ± 5.1%), 

and CAD + NAFLD (31.9 ± 6.0%) compared to healthy controls (21.3 ± 4.2%; P < 0.01).  

 

Novelty of the Study: This study is among the first to simultaneously evaluate CD8⁺ T cell expression and IDO and TDO 

enzyme activity in several cardiometabolic disorders, highlighting their combined prognostic significance in inflammation-

driven metabolic pathology. 

 

Conclusions: These findings suggest that inflammation-related activation of tryptophan metabolism through the 

kynurenine pathway plays an important role in immune disturbances and disease progression in cardiometabolic 

disorders. IDO and TDO enzymes may serve as valuable diagnostic biomarkers and potential therapeutic targets in 

inflammation-induced metabolic diseases. 

 

Keywords: Chronic inflammation; Tryptophan metabolism; IDO and TDO enzymes; Kynurenine pathway; Cardiometabolic 

disorders; Functional food biomarkers 

 

 
 

Graphical Abstract: Tryptophan degradation and risk of developing ischemic heart diseases. 
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INTRODUCTION  

Cardiometabolic disorders (CMD), including 

cardiovascular disease (CVD), type 2 diabetes mellitus 

(T2DM), pulmonary arterial hypertension (PAH), and 

non-alcoholic fatty liver disease (NAFLD), are a major 

global cause of morbidity and mortality. [1]. Metabolic 

abnormalities such as dyslipidemia, central obesity, and 

impaired glycemic regulation are well-known risk factors 

that contribute to the development and progression of 

cardiometabolic diseases [2]. Increasing evidence 

indicates that dysregulated innate immune responses 

and persistent low-grade inflammation play a central role 

in the pathophysiology of insulin resistance, T2DM, and 

CVD [3-4]. As a result, CMDs represent a major public 

health challenge and are responsible for a large 

proportion of healthcare-related morbidity and mortality 

worldwide [3]. Heart disease and diabetes alone account 

for approximately 15% of total healthcare expenditure, 

placing significant pressure on the healthcare system. [4]. 

Atherosclerosis and ischemic heart disease arise 

primarily from reduced coronary blood flow and are 

strongly associated with chronic vascular inflammation 

[5]. T2DM is a metabolic disorder characterized by 

persistent inflammasome activation mediated by several 

proteins, including RNA-binding proteins such as S100A8 

and S100A9 [6]. These proteins promote inflammation by 

interacting with immune cell receptors, particularly Toll-

like receptor 4 (TLR4), which leads to increased secretion 

of pro-inflammatory cytokines, including tumor necrosis 

factor-alpha (TNF-α) and interleukin-6 (IL-6). This 

inflammatory cascade contributes to microvascular 

damage affecting tissues such as the retina, kidney and 

peripheral nerves, which represents an important 

pathological feature of diabetes-related complications 

[7]. 

Tryptophan (TRP) is an essential amino acid 

obtained exclusively through dietary intake and plays an 

important role in immune regulation, neurophysiological 

processes, and maintenance of inflammatory 

homeostasis [8]. A large part of tryptophan metabolism 

occurs via the kynurenine pathway, which acts as a 

critical interface between metabolism and immune 

signaling [7,8]. Indoleamine 2,3-dioxygenase 1 (IDO1) is 

widely expressed in the cytoplasm of various cells, with 

particularly high expression in immune cells such as 

monocytes and macrophages [8,9]. Together with IDO, 

tryptophan 2,3-dioxygenase (TDO) plays an important 

role in regulating tryptophan catabolism through the 

kynurenine pathway [10]. 

IDO and TDO catalyze the initial and rate-limiting 

step of tryptophan degradation by converting tryptophan 

to N-formylkynurenine [9-10], which is then metabolized 

into several biologically active compounds. These 

metabolites are involved in immunomodulation and link 

chronic inflammation to the pathogenesis of several 

metabolic and cardiovascular disorders [11-13]. IDO 

activity is strongly induced by pro-inflammatory 

cytokines, including IL-6 and TNF-α, resulting in increased 

tryptophan-to-kynurenine conversion and subsequent 

changes in immune responses in various pathological 

conditions [9]. 

Cytotoxic CD8⁺ T-lymphocytes play a fundamental 

role in the immune system but can also contribute to the 

development of chronic inflammatory conditions such as 

cardiometabolic diseases. Interactions between 

tryptophan-metabolizing enzymes and immune cells can 

increase metabolic inflammation, thereby increasing the 

risk of atherosclerosis and cardiovascular disease. 

Chronic inflammation of the vascular endothelium 

promotes atherosclerotic plaque formation, immune cell 

infiltration, tissue damage, and thrombosis, ultimately 

increasing the risk of myocardial infarction and stroke 

[10]. Diabetes mellitus further increases atherosclerotic 

risk through vascular dysfunction, mitochondrial 

impairment, and sustained inflammatory responses [11]. 

Chronic inflammation associated with insulin 

resistance and excessive adipose tissue accumulation is a 

common pathological feature linking T2DM and PAH. 
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These conditions increase IDO and TDO activity, resulting 

in increased production of kynurenine metabolites that 

exacerbate metabolic dysregulation and metabolic 

disturbances, and increase the risk of coronary heart 

disease [12]. Non-alcoholic fatty liver disease is one of 

the most prevalent chronic liver diseases worldwide and 

is increasing rapidly in both developed and developing 

countries [13]. NAFLD is characterized by hepatic lipid 

accumulation, oxidative stress, and inflammation, which 

increase the risk of progression to cirrhosis and 

hepatocellular carcinoma [14]. 

Given the central role of inflammation-driven 

tryptophan metabolism in cardiometabolic disease 

pathogenesis, this study aimed to investigate whether 

inflammation activation in CMD is associated with 

increased tryptophan degradation via the kynurenine 

pathway. 

 

MATERIALS AND METHODS: 

Study Population: A total of 150 participants were 

included in this study. Ninety participants were 

diagnosed with cardiometabolic disorders and classified 

into three groups. The first group included 30 patients 

with coronary artery disease (CAD) and type 2 diabetes 

mellitus (T2DM), with a mean age of 57.95 ± 10.34 years. 

The second group included 30 patients with coronary 

artery disease and pulmonary arterial hypertension 

(PAH), with a mean age of 56.38 ± 13.14 years. The third 

group included 30 patients with coronary artery disease 

and non-alcoholic fatty liver disease (NAFLD), with a 

mean age of 55.38 ± 10.70 years. Participants were 

recruited from Al-Karama Teaching Hospital and Al-Zahra 

Teaching Hospital in Wasit Province, Iraq, between 

October 2024 and February 2025. Demographic data 

including age, sex, and family history were recorded for 

all participants. In addition, 60 apparently healthy 

individuals were registered as a control group. Control 

subjects had a mean age of 53.28 ± 9.46 years and had no 

history of coronary heart disease, hypertension, renal 

disease, endocrine disorders, metabolic diseases, 

infections, or acute or chronic inflammatory conditions. 

These people went to hospital for routine health checks. 

General demographic data, including age, sex, and 

medical history were collected for each participant. All 

participants provided written informed consent, and the 

study protocol was approved by the Ethics Committee of 

the College of Medicine, Al-Qadisiyah University, and by 

Iraqi Ministry of Health. 

 

METHODS 
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Statistical analysis: 

 

RESULTS 

General characteristics of CMD patients and the control 

group: 
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Table 3: Comparison of hematological parameters between CAD-combined cardiometabolic groups and healthy controls. 
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Representative flow cytometry plots showing CD8+ T-cell gating strategy and distribution in CMD patients and 

controls. 
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T2DM, type 2 diabetes mellitus; 

NAFLD, non-alcoholic fatty liver disease; PAH, pulmonary 

arterial hypertension; IDO, indoleamine 2,3-dioxygenase; 

TDO, tryptophan 2,3-dioxygenase; CMD, 

Cardiometabolic disorders; CVD, cardiovascular disease; 

TLR4, Toll-like receptor 4; TNF-α, tumor necrosis factor-

alpha; IL-6, interleukin-6; TRP, Tryptophan; IDO1, 

Indoleamine 2,3-dioxygenase 1; CAD, coronary artery 

disease;
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