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ABSTRACT 
The objective of this narrative review was to update the knowledge on the differential use of circulating cardiac 
biomarkers in patients with type 2 diabetes mellitus (T2DM) with hypertension. A number of circulating biomarkers 
have yet to be confirmed as prognosticators of clinical outcomes in pre-diabetic and diabetic individuals. The cardiac 
biomarkers reported here have been established as predictive and their role in prognosis remains under study. 
Cardiovascular (CV) risk may be assessed using conventional cardiac biomarkers, such as natriuretic peptides (NPs), 
LDH, high-sensitivity circulating cardiac troponins, and CK-MB. Various cardiac biomarkers have strengths and 
weaknesses that determine the price of their use, specificity, sensitivity, predictive value and superiority when compared 
to one another. Additionally, there have been conflicting reports regarding the predictability of their effects among 
patients without known cardiovascular disease. 
 KEYWORDS: - type 2 diabetes mellitus (T2DM), cardiovascular (CV), natriuretic peptides (NPs), Lactate dehydrogenase 
(LDH). 
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INTRODUCTION 
In the south Asia region, high blood pressure (BP) is ranked third as one of the main risk factors [1]. As a 
result of hypertension, cardiovascular health status and healthcare systems in India are substantially 
constrained [2, 3]. An analysis of worldwide data for HTN showed that 21,6% of Indian men and 21,9% of 
Indian women were suffering from hypertension in 2005 [4]. By 2025, India's rate of HTN in women will 
be 22.9 percent, and in men 23.6 percent, according to projections [4]. According to studies conducted in 
India, the prevalence of HTN is 25% in urban people and 10% in rural people [5]. In India, the WHO 
estimates that 32.5% of people had high blood pressure (33.2% men and 31.7% women) [6]. However, 
only 25.6% of those who were treated for HTN had their blood pressure under control, according to a 
multinational study addressing HTN awareness, treatment, and adequacy of control [7]. Among the rural 
and urban populations of north India, HTN prevalence is 14.5% (13.3–15.7) and 28.8% (26.9–30.8), 
respectively. Heterogeneity was significant in those populations as well [I2 = 99.3% (95% CI: 95–100; P 
<0.001); I2 = 91.1% (97–99; P< 0.001). HTN prevalence in North India was not significantly different 
between rural and urban areas (P = 0.07) [8]. 
Diabetes ranks among the top ten leading causes of death along with cardiovascular disease (CVD), 
respiratory diseases, and cancer [9]. World Health Organization (WHO) statistics show that non-
communicable diseases (NCDs) accounted for 74% of all deaths globally in the year 2019, including 1.6 
million deaths from diabetes. [10] By the year 2035, nearly 592 million people are expected to die from 
diabetes [11]. The National Family Health Survey, four surveys [12] conducted in 15 Indian states and 
union territories during the 2014–2015 fiscal year, found that the Andaman and Nicobar Islands had the 
highest prevalence of diabetes (26 and 14.5% among women and men, respectively), while Haryana had 
the lowest prevalence (8.2%) for men and Bihar (6.1%) for women. There was a higher prevalence in 
urban than rural areas. Secular Trends in Diabetes in India, a study that analyzed the change in diabetes 
prevalence between 2006 and 2016 in urban and rural areas of Tamil Nadu, found that the prevalence of 
diabetes increased from 18.6% in 2006 to 21.9 in 2016, while in smaller towns, it increased from 16.4 to 
20.3, and in peri-urban villages, from 9.2 to 13.4%, respectively [13]. 
There is a rising incidence of diabetes and prediabetes in India, as well as a rising prevalence of diabetes. 
Comparatively few longitudinal studies have been conducted to assess diabetes incidence and 
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prediabetes prevalence in India. Diabetes and prediabetes incidence rates in the Chennai Urban 
Population Study cohort were reported as 20.2 and 13.1 per 1000 person-years, respectively [14]. In the 
Chennai Urban Rural Epidemiology Study (CURES), the incidence rates for diabetes, prediabetes, and 
dysglycemia were found to be 22.2, 29.5, and 51.7 per 1000 person-years, respectively. Based on research 
reported by the National Diabetes Statistics Center, the conversion rate to diabetes was reported to be 
19.4% among those with normal glucose tolerance, 58.9% among those with prediabetes, and 78.9 cases 
per 1000 person-years in patients with prediabetes [15]. 
Diabetes has a multifactorial etiology. There are numerous non-modifiable risk factors such as genetics, 
age, ethnicity, and family history that are potentially associated with type 2 diabetes but the prevalence of 
the disease has likely increased because of modifiable factors. There are many reasons for this including 
sedentary lifestyles and lack of exercise, an increase in overweight/obesity, unhealthy diets (refined 
grains, fats, sugars, sweetened beverages, and reduced intake of fruits and vegetables), unhealthy habits 
(smoking and alcohol abuse), pollution exposure, a stress-related intrauterine environment, short sleep 
duration, and the built environment. According to the India state-level disease burden report [16], nearly 
10% of the total disease burden in India was caused by a cluster of risk factors that included unhealthy 
diet, being overweight/obese, high blood pressure, blood sugar, and cholesterol, which led to ischemic 
heart disease, stroke, and diabetes, which accounted for one quarter of the total disease burden in India in 
2016 [16]. 
CO EXISTENCE OF DIABETES AND HYPERTENSION 
Cardiovascular diseases are the gateway to DM and HTN, which never abandon any community or 
population. Approximately 366 million people will have diabetes by 2030, an increase of 171 million from 
2000. According to estimates, the number of adults affected by hypertension will increase by 60% by 
2025 to 1.56 billion [17]. It is estimated that up to 75% of people with DM also have HTN, and people with 
only HTN often have insulin resistance as well. HTN and DM are thus interconnected conditions that 
share many common underlying risk factors (e.g., ethnicity, family history, dyslipidemia, and lifestyle 
determinants [18]. HTN may precede the onset of diabetes mellitus. In 95% of the cases, the HTN is 
essential and the other 5% are secondary [19].  
 
PATHOPHYSIOLOGY OF HYPERTENSION IN DIABETES 
Several factors are involved in the pathophysiology of hypertension in diabetes, including maladaptive 
changes of the autonomic nervous system, a maladaptive immune system, and enhanced activity of the 
renin-angiotensin-aldosterone (RAAS) system. Hypertension is attributed to the following factors, some 
of which have been targeted for therapeutic intervention [20] 

 Sedentary Lifestyle 
The combination of sedentary behavior and excessive intake of calories can lead to increased adiposity, 
which has been linked to an increased risk of insulin resistance [21]. 

 Elevated Intravascular Volume 
Increased sodium concentration within the bloodstream stimulates water transport along the osmotic 
gradient, thus increasing intravascular volume. According to the Frank Starling Law, an increased 
intravascular volume leads to increased venous return to the heart, increasing cardiac output and 
increasing arterial pressure [22]. Increasing evidence suggests that increased sodium inward transport in 
endothelial cells contributes to increased arterial stiffness and elevated blood pressure in states of 
obesity and insulin resistance, such as found in most T2DM patients. 

 Premature Vascular Aging 
Individuals with diabetes can develop symptoms such as vessel remodeling, low grade inflammation, 
fibrosis, and stiffening as a result of high blood pressure. Diabetic patients, therefore, experience 
accelerated premature vascular aging due to impaired endothelial mediated relaxation, enhanced 
vascular smooth muscle contraction, and increased stiffness [23]. 

 Renin Angiotensin Aldosterone System 
RAAS is physiologically activated by hypovolemia, resulting from renal hypoperfusion. The release of 
renin from the juxtaglomerular apparatus leads to an increased production of angiotensin II. The direct 
effects of angiotensin II involve direct vasoconstriction as well as aldosterone secretion, which lead to 
sodium and water retention, and restores intravascular volume. 

 Environmental and Socioeconomic Factors 
Dietary components that are traditionally considered healthy and promoted as components of the DASH 
diet [24] are often not available to the general population for economic or access reasons. Instead, they 
consume high salt and high calorie foods that lead to obesity and hypertension [25]. Further, lack of 
access to safe outdoor spaces discourages exercise, and targeted advertising encourages poor health 
decisions such as smoking. 
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WAYS OF DETECTION OF HYPERTENSION 

 A blood test may be required to determine if you suffer from secondary hypertension as a result 
of a serious health condition. 

 A urine test is required. 
 A home blood pressure monitor (HBPM) is available 
 Ambulatory Blood Pressure Monitoring (APBM) 
 Electrocardiogram (EKG) 
 Echocardiogram. 
 Ultrasound. 
 CT Scan or MRI. 

BIOCHEMICAL CARDIAC MARKERS USED IN HYPERTENSION 
Biochemical Markers used in hypertensive patients. 

 Aspartate aminotransferase. 
 Lactate dehydrogenase and its isoenzyme LD1 
 Creatine kinase and its isoenzyme MB  
 Myoglobin 
 Cardiac Troponins. 
 C-reactive protein (Inflammation marker)  
 Cardiac Natriuretic Peptides 

 
ASPARTATE AMINOTRANSFERASE.(AST) 
For the first time, AST was used as a cardiac biomarker in 1954.The AST marker is found in the liver, 
heart, skeletal muscles, brain and kidneys, but is no longer used for diagnosing AMI because of its lack of 
specificity for the cardiac tissue [26-27]. 
AST, also known as aspartate aminotransferase or (serum) glutamic oxaloacetic transaminase (GOT, 
SGOT), is a Pyridoxal phosphate (PLP)-dependent transaminase enzyme first recognized by Arthur 
Karmen in 1890. AST catalyzes the reversible transfer of a α-amino group from aspartate to glutamate, 
making it an important enzyme in amino acid metabolism. Serum AST (alanine transaminase) and ALT 
(alanine transaminase) levels, as well as their ratio (AST/ALT ratio) are routinely measured clinically to 
evaluate liver health [28]. 
A key function of the AST is the metabolism of amino acids, maintenance of a healthy NAD+/NADH ratio 
in cells, Krebs cycle activity, purine/pyrimidine synthesis, urea and protein synthesis, and 
gluconeogenesis. There are two genetically distinct iso-enzymes of AST in humans: cytoplasmic AST and 
mitochondrial AST. Both types of AST are found in the body. AST activity is found in most tissues of the 
body with the highest levels in the heart, liver, skeletal muscle, kidney, and brain. As a result of tissue 
damage (plasma membrane disruption or apoptosis), plasma membrane bleb formation, increased tissue 
expression, and macroenzymes (complexes of AST and plasma proteins) elevated AST activity may 
indicate these factors. The extent of myocardial necrosis is associated with increased serum AST activity 
in patients with acute myocardial infarction [29]. 
AST levels are associated with cardiovascular disease or mortality with positive, inverse or U-shaped 
association patterns, according to epidemiological research. AST levels that are not elevated in the 
presence of inflammatory liver disease may indicate an increased cardiovascular risk associated with 
nonalcoholic fatty liver disease (NAFLD), cardiometabolic risk factors (metabolic syndrome, abdominal 
obesity, insulin resistance, and diabetes), chronic alcoholism and structural heart disease (myocardial 
infarction). A positive association between AST and CVD is more common in epidemiological studies in 
Asian population Low levels of AST may reflect increased cardiovascular risk caused by vitamin B6 
deficiency, chronic kidney or liver disease, or inflammation. High and low levels of AST are clinically 
relevant, and both should be considered [30]. 
LACTATE DEHYDROGENASE (LDH) 
A key enzyme in the anaerobic metabolic pathway is lactate dehydrogenase (LDH). It is an enzyme that 
catalyzes the reversible conversion of lactate to pyruvate with the reduction of NAD+ to NADH [31]. 
Lactate Dehydrogenase is an oxidoreductase enzyme that regulates the reversible conversion of pyruvate 
to lactate using NADH. As a result, it plays a role in the anaerobic metabolism of glucose in the absence or 
in limited amounts of oxygen. 

 Pyruvate + NADH + H+ --> Lactate + NAD+ 
A cell's oxidative phosphorylation process becomes disrupted when it is exposed to anaerobic or hypoxic 
conditions. In these conditions, LDH is upregulated to accommodate the need for energy production, 
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which is why cells produce energy by alternate metabolism. As a result of anaerobic conversion of 
glucose, lactate is produced, but it cannot be further metabolized in any tissue except the liver. The lactate 
is released into the bloodstream and transported to the liver, where it is converted into pyruvate by LDH 
through the Cori cycle [32]. 
Generally, serum levels (normal values may vary widely depending on the technique) increase within 12 
to 24 hours after myocardial infarction, reach their peak in 2 to 4 days, and gradually return to normal by 
the eighth to fourteenth day after the infarction. The correlations are sometimes as high as 100%, but 
there have been numerous reports of "false" positives and negatives as well. A number of conditions have 
been associated with elevated levels, including severe congestive failure, pulmonary thrombosis, bacterial 
pericarditis, digitalis intoxication, cardiac catheterization, cardiac surgery, including valve implants, as 
well as diseases of the liver, muscles, kidneys, neoplastics, and hematopathology (especially 
hemolytics).In the overall clinical context, these "false" positives usually occur as isolated instances of the 
entities noted, and rarely pose any major limitations on the physician [33]. 
They do, however, emphasize the lack of specificity of serum values and of the recent concept that what is 
measured as overall LDH activity consists of several molecular entities that are actually distinct - 
isozymes. This concept of molecular heterogeneity led to the development of methods for detecting the 
serum component originating in the myocardium Electrophoretic studies have identified five LDH 
isozymes; the most rapidly migrating fractions are observed in heart LDH (as well as kidney and 
erythrocyte LDH), and the "slow" fractions appear in liver and skeletal muscle.Therefore, when 
myocardial infarction occurs, serum LDH activity is principally influenced by the rapid fraction; elevated 
rapid fraction levels have been seen in accepted cases of infarction with normal total serum levels, and 
have persisted for a period of up to 10 days after normal serum levels have returned.Two promising new 
methods have gained greater acceptance due to the consideration that the rapidly migrating "heart" LDH 
isozyme may be a more sensitive, specific, and long-lasting indicator of myocardial necrosis than total 
LDH activity [34] 
 
CREATINE KINASE 
These enzymes are mainly found in heart muscle cells, which is why this test measures levels of creatine 
kinase-MB in the blood CK-MB is one of three forms (isoenzymes) of creatine kinase (CK) These include 
CK-MM (found in skeletal muscles and the heart) CK-MB, which is a form of creatine kinase. Creatine 
kinase provides energy for the regeneration of ATP [35]. 
In 1966, the first creatine kinase enzymes were found in various tissues. There are two main CK 
isoenzymes, BB and MM, which are polypeptide chains of either type B or type M. BB isoenzymes are 
found in the central nervous system, and MM isoenzymes are found primarily in skeletal muscles [36]. 
CK-MB is found at 15% concentration in the myocardium and CK-MM at 85% concentration in the 
skeleton [37-38]. 

CARDIAC TROPONIN 
The troponin complex consists of three protein molecules: troponin T, troponin I, and troponin C. They 
are found in actin filaments in skeletal and myocardial muscle cells. Troponin T and troponin I come in 
several forms; one is specific to cardiac muscle, and the other is not expressed in adult skeletal muscle 
[39]. Myocardium contains 3 units of troponin attached to the actin filaments of the tropomyosin 
complex, though there is also unbound/free troponin in the cytosol, also called the cytosolic pool. In the 
event of myocardial damage, the unbound troponin is released first [40].Approximately 6% of the total 
troponin in the myocardium is unbound. The rest, which is bound to actin, is released slowly with 
structural damage, leading to a prolonged period of elevated troponin levels in the plasma [41-42]. 
Troponin elevation > 99th percentile is generally considered the cutoff value for diagnosing AMI. 
Troponin concentrations rise 4 to 6 hours after onset of symptoms, peak by about 18 to 24 hours, and 
remain detectable for a period of 72 to 96 hours [43-44]. There is greater specificity for troponin in 
cardiac muscle compared to CKMB, and current methods for measuring troponin are more sensitive and 
specific than those used to measure CK-MB. Since CK-MB can be expressed in skeletal muscle, and 
because CK-MB relative index is ineffective and there are numerous other causes of CK-MB elevation 
other than AMI, Troponin has been identified as a viable biomarker for detecting myocardial damage [45]. 
MYOGLOBIN 
Due to its relatively low molecular weight, myoglobin may leak from muscle tissue into the blood stream 
as a result of skeletal or cardiac muscle damage. Myoglobinuria and myoglobinemia have been used to 
diagnose myopathies and cardiopathies. The myocardium is composed of bundles of striated muscle 
fibers which produce cardiac-specific contractile proteins (actin and myosin), regulatory proteins 
(troponins and tropomyosins), and proteins necessary for converting chemical energy into work (muscle 
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contraction), e.g., myoglobin; and enzymes active in metabolism of lactic acid and creatine kinase.These 
proteins are released into the circulation in the presence of cardiac tissue damage, and serve as cardiac 
injury biomarkers [46]. 
CRP 
Increased CRP has been linked to several disease conditions, including coronary heart disease and 
ischemic stroke. It has also been associated with insulin resistance, hypertension, metabolic syndrome, 
and peripheral arterial disease. Its role as a sign of coronary heart disease has been extensively studied. 
At the Rockefeller Institute for Medical Research, in New York, William Tillet and Thomas Francis first 
discovered CRP in 1930. Inflammation, in its multiple forms, is the most studied process, both as a cause 
and a predictor of cardiovascular disease. CRP has been the forerunner of the hunt for inflammatory 
markers, and extensive research has been conducted on it worldwide [47]. CRP is a preeminent marker of 
inflammation and has been the subject of intense research in numerous studies worldwide. Unlike other 
markers of inflammation, CRP is stable over long periods, has no daily variations, can be measured 
inexpensively by available high-sensitivity assays, and has been specifically linked to CVD outcome [48]. 
The presence of CRP in atherogenesis may be due to the fact that it inhibits nitric oxide synthase and 
prostacyclin synthase activity, and binds LDL-C and influences its uptake by macrophages, which is a 
crucial step of atherogenesis. CRP may also alter the expression of adhesion molecules on endothelial 
cells [49]. 
CARDIAC NATRIURETIC PEPTIDES 
Natriuretic peptides regulate the rate of natriuresis, electrolyte and water retention, vascular 
permeability and vasodilatation, cardiac contractility and blood pressure; as a consequence, NPs are 
physiologic antagonists of the renin-angiotensin-aldosterone system as well as the sympatho-adrenal 
system [50]. Numerous types of NPs are released primarily from the myocardium, the atrium (ANP) and 
the brain (BNP) NPs, and vessels, bones and the brain (C-type NPs) [51]. Through physiologic effects, NPs 
bind to NPR-A, NPR-B, and NPR-C. These receptors are extensively expressed on the surface of target 
cells, where they regulate NP bioavailability independently of circulating neprilysin activity [52]. There is 
an increase in the metabolism of nonessential proteins, predominantly ANP and BNP, in response to 
myocardial stretching and fluid overload, while ischemia/hypoxia, inflammation hormones 
(catecholamines, aldosterone, renin) and growth factors (transforming growth factor beta, vascular 
endothelial growth factor) have direct and indirect effects on these processes [53]. C-type NPs regulate 
vascular function, bone ossification, and brain development through their autocrine activity. In addition, 
they inhibit the lipolytic activity of adipocytes by inhibiting the expression of NPR-A and NPR-C by 
adipocytes [54]. 
 
CONCLUSION  
Diabetes and hypertension share common pathways such as SNS, RAAS, oxidative stress, and insulin 
resistance. These pathways interact and influence each other and may even cause a vicious cycle. 
Hypertension and diabetes are both end results of the metabolic syndrome. They may, therefore, develop 
one after the other in the same individual. The biochemical cardiac markers such as CK-MB, LDH have a 
great role in prediction and assessment of cardiac changes, which may lead to various cardio vascular 
diseases. Cardiac biomarkers are of great importance in the timely, accurate diagnosis and management 
of hypertension in diabetic patient as well as the prognosis. Diagnosis in the golden period is of outmost 
importance to start therapy at the earliest and possibly reverse the cardiac damage. Cardiac biomarkers 
are also a powerful tool for triaging.  
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