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Diseases of the pancreas, including chronic pancreatitis (CP) constitute not 

only gastroenterological, pancreatological problem, but also the issue of all internal 

medicine.  Confirmation of the importance of its studying is the fact of presence in 

Europe of 3 million patients with CP. In the general structure of digestive diseases in 

Ukraine the proportion of CP also increased (10.5%), especially the number of cases 

with primary chronic course [36] and frequent attacks. The cases of CP, accompanied 

by structural changes, associated with exo- and endocrine pancreatic insufficiency, a 

significant decrease in quality of life, the development of type 2 diabetes, and/or 

pancreatogenic origin, tumors of the pancreas also became more frequent.  

Upon recurrent course of CP, in 30% early complications with mortality of 

5.1% develop, connected not only with the combination of gastroduodenobiliary zone 

diseases, but also with another pathology of internal organs, in particular the 

cardiovascular system. Experts point out the importance of the study of disease and 

comorbidity, emphasize that syntropic comorbid lesions are the factors determining 

medical tactics and prognosis, moreover, a multiplicity of diseases has already been 

observed in teenagers and aged under 30 today [27]. In young people there is 

increasing proportion of early signs of metabolic syndrome, obesity [38], the 

development of the atherosclerotic process and preclinical forms of coronary heart 

disease (CHD)  [12].  

Therefore, this problem is urgent and acquires meaning when upon 

comorbidity of diseases characterized by substantial prevalence and factors of fatal 

cardiovascular complications. They include CP, CHD and chronic heart failure 



(CHF).  The prognosis of CHF remains disappointing as its lethality has reached 50% 

for 5 years. According to the literature, CHF with preserved left ventricular ejection 

fraction is detected in 40-55%, often develops on the background of essential 

hypertension (AH) and/or CHD, while risk and progression of CHF are significantly 

increased upon combination. It should be noted that the concomitant obesity, 

diabetes, chronic renal failure, etc. serve as the additional risk factors. Peculiarities of 

clinical course of CHD isolated form and its combination with hypertension are 

stated. Isolated CHD is characterized by severe symptoms, reducing exercise 

tolerance, the degree of left ventricular hypertrophy in greater extent than upon 

combination with hypertension [20]. 

Among the common etiological factors of CP, CHD and CHF, tobacco, 

alcohol, microbial and non-microbial factors, failure of a healthy way of life 

(especially the lack of physical activity) are of great importance. According to 

surveys conducted by the National Institute of Therapy n. a. L. T. Malaya, lack of 

physical activity is set in 38% of men and 54% of women in Ukraine, it does not 

depend on age. Typically, even in 50% of those aged 18-24, the level of physical 

activity is insufficient. Consequently, at a young age not only the risk of 

cardiovascular events is formed, but also digestive diseases (gastroesophageal reflux 

disease, biliary diseases and CP). In addition, studying the mechanisms of CP, CHD 

and CHF comorbidity remains relevant. One of the key mechanism is considered a 

low-intensity chronic generalized inflammatory reaction (low or sufficient intensity), 

which determines the progression of atherosclerosis in coronary vessels, myocardial 

tissue, pancreas and combined with general biological process of immune system 

response to injury. It is considered from the point of view of pathogenetic link of 

forming comorbidity diseases, complications, including the fatal cardiovascular ones.  

 Detailed examination and study of the epidemiological data may enable to 

develop appropriate methods of treating, preventing, recommendations for 

modification of cardiovascular risk factors, taking into account the comorbidity of 

these diseases, significantly contribute to the prevention of the progression of CHF,  

CP complications (ischemic pancreatitis), CHD.  



The aim of the literature review was to show the clinical and pathogenetic 

mechanisms of CP in combination with CHD and CHF.  

The common pathogenetic links of the development and progression of CP, 

CHD and CHF can include oxidative [41], carbonyl and nitrosol stresses [26],  low-

intensity chronic inflammation [22], atherogenic dyslipidemia (especially 

hypertriglyceridemia) [4],  insulin resistance (IR) [46], enhancing the development 

and persistence of atherosclerotic processes in the vessels [2].  Attention is paid to the 

endothelial dysfunction, impairing the microcirculation [45] and hemostatic process 

[9], contributing to the ischemia and maintenance of tissue hypoxia (taking into 

account the mechanisms of chronic DIC syndrome).  

 CHD and CP combination is characterized by more severe course, atypical 

pain, especially in the left side of the chest, creating difficulties in the diagnostic 

process, defining the high mortality and late adequate therapy [16].  Abdominal pain 

and dyspeptic syndromes wherein are associated with anginal attacks, worsening 

quality of life of patients [43].  In addition, the neuro-reflex pain reactions and dietary 

exposure under the existing pancreatic pathological decrease exercise tolerance to an 

even greater degree due to the viscero-visceral reflexes and abnormal hemodynamic 

response [39]. Hypertrophy of the left ventricle, increased homocysteine, lipoprotein  

α, triglyceride or fibrinogen concentrations, presence of pathogens and markers of 

inflammation in the body, increased procoagulants (plasminogen, factor VII, 

plasminogen  inhibitor type 1, and Willebrand factor) are also common [28].  In 

patients with CP in combination with CHD [12] intensity of proteolysis has been 

significantly increased (according to O. Zazdravnova et al.) about 2 times in 

comparison with a group of healthy. This fact suggests the possibility of  rise and  

formation of apoptotic activity in pancreatic tissue. The authors also detected 

significant decrease of fibrinolytic potential,  creating the conditions for the 

formation of microscopic platelet and fibrin clots in the system 

hemomicrocirculation, development and progression of chronic DIC syndrome in 

these patients. With the progression of the pathological process in the pancreas, these 

mechanisms are disturbing the local blood circulation, followed by increase of 



ischemia, hypoxia, membrane permeability, destruction of acinar cells and releasing 

of pancreatic enzymes in the blood flow [15]. Even a minimal intake of enzymes 

generates structural changes in the tissue, helping the fibrosing of parenchymal tissue 

with the development of exo- and endocrine insufficiency up to the symptoms of 

maldigestion and malabsorption [42].  

The unifying mechanism of these processes  may be named as the chronic 

systemic inflammation as a low-intensity immune system response to injury [15, 33].  

Positive correlation between the increasing C-reactive protein (CRP) in the blood and 

coagulation system activation (due to stimulation of the tissue factor release from 

monocytes, that initiates the coagulation and neutralizes platelet-activating factor, 

thus contributing atheromatosis and thrombus formation) is proved, which is 

inextricably linked with the persistence and progression of chronic inflammation, in 

particular ischemic pancreatitis [7].  

It is possible that a change in pH or redox homeostasis, accumulation of the 

products of proteolysis and/or oxidation of proteins and lipids can inhibit the ability 

of the fibrinolytic system to maintain a sufficient level of thrombolytic efficacy [9].  

This mechanism is peculiar to fibrin degradation products, the increase of which 

occurs not only in atherosclerosis, but also in CP, chronic relapsing pancreatitis. Its 

value consists in the binding of a certain amount of prostaglandins for the purpose of 

removing them from the bloodstream [28]. Presumably, this mechanism may be 

common for CP, as well as for its combination with CHD, CHF. The pancreas is very 

sensitive to ischemia, atherosclerotic and thrombotic processes [29], and can itself be 

a source of metabolic disorders [44], causing hemodynamic disorders with 

subsequent deployment of ischemic pathological processes in it [10, 13]. 

Cytokines’ cascade is believed as the main pathogenetic link of the low-

intensity inflammatory response of the immune system, upon CP and CHD 

comorbidity, since it regulates the reaction of the proteins of the inflammatory 

response.  The role of CRP is studied adequately, especially in the pathogenesis and 

progression of atherosclerotic and atherothrombotic processes [8]. Given common 

biological CRP role performing mediator, transport, immunomodulatory function, we 



can assume its direct presence locally not only in the tissue of the pancreas in CP [7], 

but in the structures of the coronary vessels, myocardium and atherosclerotic plaques 

[23] upon their comorbidity.  

 V.  V.  Velkov  found that activation of complement, monocytes, stimulation 

of adhesion molecule expression (sICAM-1, sVCAM-1, E-selectin) on endothelial 

surface, binding and modification of LDL with the participation of CRP were the 

signs of early stage of vascular wall damage and the formation of endothelial 

dysfunction, which was an obligatory part of the progression of the atherosclerotic 

process in the blood vessels [8], upon comorbidity of these diseases, including CHF.  

Consequently, according to modern views, CRP is not only a sensitive marker 

of inflammation, but also plays an important role in the pathogenesis and progression 

of vascular damage, occurence and destabilization of atherosclerotic plaques and 

thrombotic vascular occlusion.  K. Yasojima et al. [56] demonstrated that the level of 

CRP in atheroma was 7 times bigger than its concentration in the liver.  High level of 

this protein was detected in the tissue of an aortic aneurysm [25]. It should be noted 

that CRP along with traditional risk factors is considered as an independent predictor 

of diseases and their complications [37], an independent risk factor for CHF, diabetes 

type 2. This requires the conformation changes in the structure of CRP associated 

with the destruction of both endothelial cells and cardiomyocytes, accompanied by 

cardiac, vascular, cardiopulmonary and other systems and organs (gastroduodenal 

zone, liver and pancreas) [40].  

Cytokines (IL-1, IL-6, TNF-α), Gram-negative bacteria lipopolysaccharide, 

relevant mediators (anaphylatoxins, glucocorticosteroids) start and control the 

synthesis of CRP [22]. Cytokines are the primary promoters of certain genes whose 

work activates in inflammation, while glucocorticoids play the role of modulators of 

cytokine action. Activated cytokines (IL-1, TNF-α  IL-6, interferons), increasing the 

production of glucocorticoids, stimulate leukocytosis, contribute to an increase in 

ESR, fever, activation of the complement and coagulation processes, reduction of 

serum iron and zinc [28], which is very important for destabilization of acinar and β-

cells of the pancreas. 



In conditions of chronic inflammation, infection or damage (that accompany  

CP course in conjunction with CHD, CHF), plasma CRP is synthesized by 

hepatocytes under the influence of cytokines of "first generation" — IL-1, IL-6.  

They have inflammatory properties and can activate the transcription of nuclear 

factor system — NF-kappa-B. CRP promoter gene contains regulatory elements 

interacting with interleukins.  Regulation of protein synthesis occurs both at the level 

of transcription and at the post-translation stage [50]. However, in contrast to short-

living cytokines and characterized by daily fluctuations, CRP levels are stable due to 

the long period of this protein’s extraction from organism.  

 Low-intensity inflammation (defined in terms of a high-sensitive CRP) allows 

to predict the risk of atherosclerotic complications (myocardial infarction, insult) in 

patients with CP, especially ischemic one [18]. American Heart Association 

recommends the following criteria for evaluating the ratio of the level of high-

sensitivity CRP and cardiovascular risk: less than 1 mg/L — low risk, 1-3 mg/L —

medium risk, more than 3 mg/L — high risk [57]. Independent experts believe that 

this test can be used in practically all healthy adults for the purpose of allocating risk 

groups for preventive measures, especially the medical ones aimed at the prevention 

of CHD complications, taking into account the combined course with CP [32]. 

Role of the lipid metabolism in the development not only of CHD, but CP is 

proved [31, 47, 48], which contributes to the development or progression of IR [54].  

It should be emphasized that IR is activated by fatty acid oxidation monocytes at the 

normal level of glucose in the cytosol and at the blockade of lipolysis [35]. Upon 

increasing level of non-esterified fatty acids in the intracellular medium, cells 

passively absorb and immediately oxidize them. The process is typical both for the 

biological function of adaptation, biological stress response, as well as inappropriate 

biological function of digestion (upon high content of palmitic fatty acid, transfer 

reaction of fatty acids to the cells and the blockade of apoE/B 100-endocytosis). It is 

carried out upon biological function of inflammation, lipid-redirecting CRP synthesis 

that as a vector forwards fatty acids from myocytes to interstitial cells, implementing 



systemic inflammatory processes [35], not excluded — upon the chronic course of 

CP and CHD comorbidity.  

The described mechanism increases the activity of all the loose connective 

tissue cells by connecting to an exchange of myocardial cells, causing structural 

changes in the myocardium at each CP attack (in our case) and activating the 

atherosclerotic process, forming CHF, contributing to the progression of its 

functional class.  

O. V. Korkushko et al. [30] showed that an imbalance in sympathetic and 

parasympathetic nervous systems in the elderly characterized the state of stress, 

leading to myocardial ischemia, hypertension, impaired glucose tolerance [21, 51]. 

However, it disturbs not only carbohydrate metabolism with the IR development, but 

the lipid one [49].  

 The connection is stated between obesity, IR, and liver enzymes activity [17], 

which may change upon CP and non-alcoholic fatty disease of the liver, pancreas 

(which becomes a cause of CP) [34], upon diabetes, CHD, CHF [28]. Thus, 

according to O. V. Stepanova, men without diabetes level of gamma-glutamil 

transferase (GGT), and not ALT or AST, is inversely related to insulin sensitivity 

independently on the abdominal obesity and is a sensitive IR marker. At the same 

time, the level of GGT in women is positively correlated with the ratio waist/hips, but 

not with insulin sensitivity. Ascertained gender characteristics indicate that GGT may 

be a marker of liver fat accumulation. Gender differentiation may indicate the 

distribution of fat and be used as a significant causal factor in the development of 

fatty liver disease in women [14]. 

Hyperglycemia in IR at first causes compensatory hyperinsulinemia, which 

increases glucose uptake by peripheral tissues and reduces the formation of hepatic 

glucose [19]. Correspondingly, in IR progression, β-cells of the pancreas produce 

insufficient amount of insulin for its compensation. The resulting relative deficiency 

of insulin, in turn, enhances hyperglycemia. Upon the depletion of reserve 

possibilities of the pancreatic β-cells, hyperinsulinemia leads to increased levels of 

free fatty acids and glucose, strengthening IR, causing a deficiency of intracellular 



glucose [24]. There is a transition to an alternative energy substrate — fatty acids —

and enhanced hepatic glucose production. Increasing free fatty acids’ production 

reduces glucose uptake to a greater extent [54].  

Hyperglycemia and hyperinsulinemia are proved to be the factors affecting the 

dysfunction of endothelial cells due to the activation of the sympathetic nervous 

system, increasing synthesis of prostaglandins, endothelin-1, angiotensin-converting 

enzyme with increased activity of protein kinase C in these cells [6, 54]. There are 

two views on the causes of endothelial dysfunction in IR [46]. Authors, who hold 

first point of view, consider that endothelial dysfunction develops because of 

hyperglycemia, arterial hypertension, atherogenic dyslipidemia, while other authors 

consider that it is the cause of IR and the associated hyperglycemia, hypertension and 

atherogenic dyslipidemia [5, 52]. Nevertheless, these theories have no effect on the 

approaches to therapy improving the functioning of the endothelium, because 

preparations are prescribed to improve the exchange of nitric oxide, which is 

pathogenetically justified.  

Molecular genetic studies of polymorphism of genes, involved in the regulation 

of carbohydrate metabolism, led to the deeper understanding of the mechanisms of 

development of metabolic disorders in other diseases [53]. Peroxisome proliferators-

activated receptors (PPAR-α, PPAR- b, PPAR-γ) have direct relevance to the 

development of obesity, diabetes and cardiovascular disease that is associated with 

natural polymorphism of genes, external causal factors, level of fats consumption 

[11]. Receptors of genes (according to O. Y. Babak et al. [3]) represent transcription 

factors from the nuclear hormone receptors family. They control the activity of many 

genes and are not only central regulators of lipid and carbohydrate metabolism, 

development and differentiation of adipose tissue, but also modulators of gene 

expression in many tissues — adipocytes, epithelial cells, lissocells of the vascular 

endothelium and macrophages under the influence of Pro-Pro genotype of PPAR-γ 

gene. 

Thus, one aspect of IR formation is to reduce gene expression of nuclear PPAR 

receptors family, especially of PPAR-γ type, which contribute to depositing of fatty 



acids, increase leptin gene expression, glucose transporter gene, decrease IR, which is 

very important in the prognosis of comorbidity course of CP with CHD and CHF. 

Patients with Pro-Pro genotype had the highest atherogenicity of blood plasma with a 

reduction in HDL and increased total cholesterol, which is functioning as the 

formation of atherosclerosis. It is important that PPAR-γ1 and PPAR-γ2 isoforms can 

affect hemodynamic factors, causing the risk of cardio-vascular system lesions, 

including the development of CHF.  

So, peculiarities of the inflammatory response (systemic chronic low-intensity 

one) for damage are: intensity of response of IL-6, CRP, type of cytokine cascade, 

reaction of complement system and cell-mediated immunity, severity of atherogenic 

dyslipidemia, IR, which promote the development of atherosclerosis, 

atherothrombosis. In addition, state of gene regulation of these processes (endothelial 

NO-synthase [1], endothelial oxidative stress, hemostatic reactions), state of 

endocrine and exocrine pancreatic function, functional and structural lesions of the 

liver represent big importance.  

Thus, the above mentioned pathogenesis links may be employed both in CP 

and its combination with CHD. It is not excluded that CHD, which is caused by the 

progression of oxidative, carbonyl, nitrositive stress, hypoxia, endotoxemia, may act 

as a mechanism for the development of both local chronic inflammation in the 

pancreatic tissue and systemic chronic one. Activation of cytokine cascade, acute 

phase proteins of inflammation, chronic DIC syndrome are important for both 

diseases, as microthrombosis promotes angiogenesis, apoptosis, and the final stage of 

inflammation — fibrosis. All this requires a detailed study, but the significance of 

these mechanisms of such disease comorbidity remains understudied. There is a need 

to identify a number of common pathogenetic links to refine mutually aggravating 

mechanisms for the development of effective therapeutics, prevention and 

rehabilitation measures to improve the quality of life of patients.  
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The article reveals the possibility of some mechanisms of development, 

progression and complication of chronic pancreatitis comorbidity with coronary 

artery disease upon chronic heart failure. It also highlights the role of chronic low-

intensity generalized systemic and local inflammatory reaction, atherogenic 

dyslipidemia, insulin resistance, endothelial dysfunction. 


