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Abstract
    This study delves into the intricate biochemical mechanisms underlying heart failure in individuals with type 2 diabetes, aiming 
to provide valuable insights through a few compelling case studies. The prevalence of heart failure in type 2 diabetics has been a 
growing concern, necessitating a thorough exploration of the biochemical pathways that contribute to this complex interplay between 
metabolic disorders and cardiovascular complications. The limitations of current prediction models for assessing cardiovascular 
risk in individuals with diabetes present a significant challenge This research employs an epidemiology and etiology approach, 
combining clinical data and biochemical analyses, to unravel the nuanced connections between diabetes and heart failure. This study 
underscores the importance of a comprehensive approach to managing heart failure in type 2 diabetics, emphasizing the need for 
tailored treatment strategies that can address the specific biochemical imbalances identified in individual cases. By leveraging the 
biochemical insights gleaned from these case studies, clinicians and researchers alike can contribute to the development of more 
effective and targeted therapeutic interventions, ultimately improving outcomes and quality of life for individuals grappling with the 
challenging intersection of type 2 diabetes and heart failure.
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Introduction
Numerous studies have contributed to some understanding 

of diabetes mellitus (DM) in the context of cardiovascular dis-
ease (CVD), however additional efforts are required to improve 
the identification and measurement of the cardiovascular risk 
in patients with DM [1,2]. In the dynamic landscape of modern 
healthcare, the intersection of cardiovascular diseases, diabetes, 
and drug interactions presents a complex and challenging realm 
for medical professionals. Among the myriad cardiovascular com-
plications, myocardial infarction (MI) and heart failure (HF) stand 
out as critical concerns, particularly when coupled with the intri-
cate interplay of diabetes and drug interactions. This multifaceted 
nexus requires a thorough exploration to unravel the pathophysi-
ological and biochemical intricacies that underlie the manifesta-
tion of myocardial infarction and heart failure in diabetic patients 
induced by drug-drug interactions. Despite the implementation of 

global risk assessment through various biomarkers, the accuracy 
of risk prediction for type 2 diabetes (T2D) and cardiovascular dis-
ease (CVD) remains less than optimal. Consequently, there remains 
a quest for additional biomarkers to enhance predictive capabili-
ties. In this regards we tried to look deeply at biochemical param-
eter (very economical) for evaluating the potential clinical utility 
of biomarkers for combined diseases like cardio-metabolic disease 
risk prediction. 

Diabetes and heart failure (HF) are both global epidemics with 
tremendous costs on society with increased rates of HF hospitaliza-
tions and worsened prognosis when co-existing, making it a signifi-
cant “deadly duo.” Several case studies are presented, each offer-
ing a unique perspective on the biochemical basis of heart failure 
in type 2 diabetes [3]. Through a meticulous examination of these 
cases, commonalities and distinctive factors emerge, shedding light 
on potential biomarkers. 
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As diabetes continues to reach epidemic proportions glob-
ally, its coexistence with cardiovascular disorders raises profound 
clinical implications [4]. The interweaving of these conditions is 
exacerbated by the intricate pharmacological landscape, where 
drug interactions can either ameliorate or exacerbate the risk of 
cardiovascular events. Myocardial infarction, commonly known 
as a heart attack, and heart failure, a chronic condition impairing 
the heart’s ability to pump blood effectively, pose formidable chal-
lenges when they occur in tandem with diabetes.

This exploration embarks on a journey through few case stud-
ies, each a unique narrative encapsulating the complexities of these 
interconnected health issues. By delving into the specific instances 
where drug-drug interactions play a pivotal role in precipitating 
or mitigating cardiovascular events, we aim to enhance our under-
standing of the underlying mechanisms. These case studies serve 
as real-world vignettes, offering valuable insights into the intricate 
web of pathophysiological and biochemical factors influencing the 
cardiovascular health of diabetic individuals.

Diabetes drugs were divided into 2 categories based on their 
date of FDA approval: first-generation drugs were approved before 
2000, and second-generation drugs were approved after 2000. All 
drugs were identified in Part D using National Drug Codes. First-
generation diabetes drugs include metformin, sulfonylureas, Thia-
zolidinedione, α-glucosidase inhibitors, meglitinides, and insulin. 
Second-generation Diabetes drugs include amylin analogs (e.g., 
pramlintide), glucagon-like peptide-1 (GLP-1) receptor agonists 
(e.g., exenatide, Liraglutide, albiglutide, dulaglutide), dipeptidyl 
peptidase 4 (DPP-4) inhibitors (e.g., Saxagliptin, saxagliptin), and 
sodium-glucose cotransporter 2 (SGLT-2) inhibitors (e.g., Cana-
gliflozin, dapagliflozin, empagliflozin). The mechanism of action of 
some of these drugs has been revealed in this study with respect to 
their impact on HF [5].

Our aim was to dissect the pharmacokinetic and pharmacody-
namic nuances of such drug interactions, scrutinize the altered 
biochemical milieu in diabetes, and decipher the molecular and 
biochemical cascades triggering myocardial infarction and heart 
failure. Through this exploration, we aspire to contribute to the 
evolving landscape of personalized medicine, where a nuanced 
understanding of individual patient profiles, coupled with insights 
from case studies, can guide clinicians in navigating the labyrinth 
of cardiovascular complications in diabetic populations [6]. Fur-

ther we try to unravel the intricacies of pathophysiological and 
biochemical case studies of myocardial infarction and heart failure 
in diabetic patients induced by drug-drug interactions. This may 
not only underscore the pressing need for precision in therapeutic 
interventions but can also pave the way for a holistic approach to 
cardiovascular care in an era marked by the convergence of diverse 
medical challenges.

Methods and Materials
Patient’s selection

•	 Inclusion criteria: Only those patients were selected who 
were confirmed diabetics and were suffering from CVD, with 
the help of attending health professionals.

•	 Exclusion criteria: Patients suffering from only or other 
heart diseases and patients with other comorbidities (non-
diabetics) were excluded in this study.

Patient’s demography
Patients demographics were collected in a prepared question-

naire, after obtaining their consent. 

Biochemical parameters
Collection of blood samples for biochemical evaluations: 5ml 

blood samples from all patients were collected for various analysis 
and diagnostic tests. All Standard diagnostic protocols were used 
in this study. 

•	 HbA1C Test: This test is a simple blood test performed to 
check the sugar level over the past 3 months it is commonly 
used to diagnose diabetes and prediabetes. Methodology in-
volved in this test is immunoturbidimetry.

•	 Fasting Blood sugar Test: This measures the blood sugar 
after an overnight fast. A fasting blood sugar level of 99 mg/
dL or lower is normal, 100 to 125 mg/dL indicates the pre-
diabetes, and 130 mg/dL or higher indicates the diabetes.

•	 Random Blood Sugar Test: This measures the blood sugar 
at the time being tested. This test can be performed at any 
time and does not need to fast. A blood sugar level of 200 
mg/dL or higher indicates the diabetes.

Lipid profile test
A lipid profile or lipid panel test is a panel of blood test used to 

find abnormalities in lipids such as cholesterol, triglycerides. The 
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results of the test identify certain genetic diseases and approxi-
mate risk of cardiovascular disease. The lipid profile test usually 
consists of low density cholesterol levels (LDL), high density cho-
lesterol (HDL), triglycerides and total cholesterol. This test is per-
formed upon fasting for 10-12 hrs.

Liver function test
This test is used to diagnose and monitor liver disease or dam-

age; it measures the level of enzymes which are made by the liver 
and few proteins in the blood. These include Albumin, alkaline 
phosphatase (ALP), ALT/ SGPT (alanine transaminase), AST/SGOT 
(aspartate aminotransferase), and gamma glutamyl transferase 
(GGT). 

Other biochemical parameters measured include: Bilirubin 
(direct and indirect), a waste product made by the liver. Lactate 
dehydrogenase (LD) an enzyme released into the blood when cells 
have been damaged by disease or injury. Prothrombin- a protein 
involved in blood clotting. This can help distinguish among differ-
ent types of liver disorders, gauge the extent of known liver dam-
age, and monitor the response to treatment. Some or all of these 
measurements are also carried out on individuals taking certain 
medications, to ensure that these medications are not adversely 
impacting the liver of the patient.

TSH (Thyroid stimulating Hormone)
This test measures the value of thyroid hormone whether too 

high i.e. hyperthyroidism or low i.e. hypothyroidism. This TSH 
blood test measures thyroid stimulating hormone (TSH), which 
stimulates the thyroid to produce two additional hormones, T4 
(thyroxine) and T3 (triiodothyronine), both of which play a critical 
role In controlling the body’s metabolism and normal functioning 
of thyroid gland. 

Blood grouping test
This test is mainly performed in order to identify the blood 

group of a person. A blood type lab test identifies certain inherited 
substances (antigens) that are present on the surface of red blood 
cells and classifies them into four common groups: A, B, AB, Or O, 
and is known as the ABO system. In addition, a second system, the 
Rh system, determines if the red blood cells are Rh-positive or Rh-
negative. It is Rh-positive when it has the Rh factor. It is important 
to know both the ABO and Rh types in that a mismatch is capable of 
inducing an Intense immunogenic reaction that can be fatal.
Combination Therapeutic recommendations used in these 
case studies

Combination therapies for type 2 diabetes mellitus (T2DM) and 
cardiovascular disease (CVD) comorbidities aim to manage both 
conditions concurrently. Drugs are recommended for tight glycae-
mic control, and simultaneously for cardiac disease. Further, drugs 
are selected based on CVD screening, and adhering to recommend-
ed lifestyle modifications upon receiving their T2DM diagnosis. 
Some of the basic drugs used in this study are listed in the results. 
We also discussed their importance in this study and how they im-
pact the comorbidity. 

Results 
Elevated cardiovascular disease (CVD) risk in type 2 diabetes 

mellitus (T2DM) stems from a intricate interplay of both tradi-
tional and non-traditional risk factors. These factors play a crucial 
role in initiating and advancing atherosclerosis throughout its ex-
tended natural progression, encompassing endothelial dysfunction 
to eventual clinical events.

Case studies
Primarily all patients selected for the case-studies were long 

term diabetic patients suffering from diabetes for more than 10 
years and were on medication. These patients were admitted to 

Parameters P1 P2 P3 P4 P5
Age 47 70 65 63 56

Gender M M M F F
Weight 62 70 65 63 62

Occupation Businessmen RTC Driver Electrician Housewife Housewife
Habits Ex-tobacco chewer and chronic alcoholic Alcoholic Tobacco chewer Not available Not available

Diabetes since last 12yrs 20yrs 15yrs 12yrs 10 years
Table 1: Patients Epidemiological Details and Risk Factors.
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Intensive care units (ICU) of the hospital due to heart problems. 
Upon admission to the Hospital, the following data was collected 
as shown below.

Among the above five patients, 3 were males and 2 were fe-
males with a history of T2DM. We found all men had the habit of 
smoking and alcohol. And all 5 cases had a diabetic history of 10-
20 years and the reason for their admission to the hospital was due 
to severe chest pain. 

Sugar levels in Blood Reference range P1 P2 P3 P4 P5
HbA1C 4.6-6.2% 12.3 10.3 7.0 8.1 6.5

Fasting Blood Sugar 70-110 227 447 159 106 179
Random Blood Sugar 70-160mg/dl 415 433 115 208 183

Table 2: Sugar Test.

The habit of tobacco chewing and smoking is correlated with a 
decline in metabolic control among individuals with diabetes. This 
connection is linked to a heightened risk of both macrovascular and 
microvascular complications, as well as increased mortality in dia-
betes.

The patients were further tested for the following parameters.

Elevated blood glucose levels are a hallmark of diabetes. Per-
sistent hyperglycaemia can lead to damage of blood vessels and 
the heart muscle over time, contributing to the development and 
progression of heart failure. HbA1c reflects average blood glucose 
levels over the past 2-3 months. Higher HbA1c levels indicate 
poorer glycemic control and are associated with an increased risk 
of cardiovascular complications, including heart failure. Glycated 
hemoglobin (HbA1c) stands as the foremost benchmark for evalu-

ating glycemic control and gauging the effectiveness of therapy in 
individuals diagnosed with type 1 (T1D) and type 2 (T2D) diabetes.

In one study it was reported that hyperglycemia and its effect 
on CVD outcomes in patients with T2DM showed how controlling 
blood sugar levels before meals (prandial) versus between meals 
(fasting) affects the risk of heart problems in people with Type 2 
Diabetes after a heart attack. 

Cholesterol Reference range P1 P2 P3 P4 P5
Total cholesterol 150-200 326 221 135 125 150

Triglycerides 50-150 580 168 80 90 89
HDL- Cholesterol M-40-55,F- 45-60 50 50 44 35 35
LDL- Cholesterol <130mg/dl 160 137 75 72 97

VLDL- Cholesterol 20-30 116 34 16 18 35

Table 3: Biochemical Tests - Lipid Profile Test.

People with type 2 diabetes often experience dyslipidaemia, 
characterized by elevated triglycerides and reduced levels of high-
density lipoprotein (HDL) cholesterol. These lipid abnormalities 
contribute to atherosclerosis, increasing the risk of coronary ar-
tery disease and heart failure. In type 2 diabetes mellitus (T2DM), 
insulin resistance (IR) enhances the release of free fatty acids 
from adipose tissue. Additionally, three mechanisms contribute 
to heightened hepatic production of very low-density lipoproteins 
(VLDL): increased lipogenesis, exacerbated substrate availability, 

and reduced degradation of apolipoprotein B-100 (ApoB). These 
alterations lead to a lipid profile characterized by low levels of 
high-density lipoprotein cholesterol (HDL-C), elevated triglycer-
ides (TGs), increased synthesis of ApoB, and the presence of small 
dense LDL particles.

Chronic inflammation is common in diabetes and is linked to 
cardiovascular complications. Inflammation can contribute to en-
dothelial dysfunction, atherosclerosis, and myocardial damage, all 
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Reference range P1 P2 P4 P4 P5
Serum sodium 135-155 142 142.3 138.2 138.9 142.5

Serum potassium 3.5-5.5 mEq/l 3.73 4.38 5.25 3.87 4.12
Serum creatinine 0.7-1.4 mg/dl 0.8 m/dl 1.5 4.3 1.0 1.0

Table 4: Serum Analysis.

of which play a role in heart failure development. Diabetes is a lead-
ing cause of chronic kidney disease. Impaired renal function is a 
significant risk factor for heart failure. Monitoring kidney function 
is important for assessing cardiovascular risk in individuals with 
type 2 diabetes.

LFT Test Reference range P1 P2 P3 P4 P5

Total Bilirubin 0.2-1.2md/dl 2.5 0.4 0.7 0.6 0.5

Direct Bilirubin 0-0.2mg/dl 0.8 0.2 0.2 0.2 0.2

Indirect Bilirubin 1.7 0.2 0.5 0.4 0.3

Alkaline Phosphatase (women) 64-306U/L 128 201
Alkaline Phosphatase (Men) 82-306U/L 152 163 177

AP (children) 180-1200U/L
SGPT 5-35u/l 86 28 16 28 23
SGOT 8-40u/l 88 38 31 25 65

Total protein 6.0-8.0g/dl 6.9 7.1 6.7 6.9
Albumin 3.8-5.0g/dl 7.5 3.9 3.9 4.0 3.8
Globulin 2.3-3.5g/dl 4.1 3 3.2 2.7 3.1

HIV Non-reactive Non -reactive Non-reactive Non -reactive Non -reactive
HBsAg Negative Negative Negative Negative Negative

HCV
Anti HCV Negative Negative Negative Negative Negative

Elevated levels of hs-CRP have been correlated with insulin re-
sistance (IR), type 2 diabetes mellitus (T2DM), and the onset of 
cardiovascular disease (CVD). Notably, inflammation, particularly 
associated with endothelial dysfunction, is acknowledged as a key 
cardiovascular risk factor, clustering within the insulin resistance 
syndrome or metabolic syndrome.

Table 5: Liver Function Test.

Elevated levels of homocysteine are associated with an in-
creased risk of cardiovascular disease. People with type 2 diabetes 
may have higher homocysteine levels, contributing to the develop-
ment of heart failure. Further, elevated levels of natriuretic pep-
tides are indicative of heart failure. Individuals with diabetes may 
have an increased risk of heart failure, and measuring these pep-
tides can help in the early detection and management of cardiac 
dysfunction. Increased levels of alanine aminotransferase (ALT) 
within the high-normal range is associated with type 2 diabetes in-
dependently along with other confounding factors such as obesity.

Patients’ blood grouping was done only to see any commonality 
between blood grouping and diabetes, As seen in the above table O 
positive ad A group is common among these patients. Further we 
also measured BP of these patients and (Table- not included) and 
realised that Hypertension is a common comorbidity in individuals 
with type 2 diabetes. Elevated blood pressure can strain the heart 

P1 P2 P3 P4 P5
Blood Group O”+” A”+” O”+” AB “+” A”+”

Table 6: Blood Group of Patients.
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and increase the risk of heart failure. Monitoring and managing 
blood pressure are crucial for preventing cardiovascular complica-
tions.

A Complete Blood Picture (CBP) is essential in CVD patients with 
T2DM as it provides valuable information about various aspects of 
their health, including the presence of anemia, infections, inflam-
mation, kidney function, and potential side effects of medications. 
Regular monitoring allows for timely interventions and improved 
management of both diabetes and cardiovascular disease. Some 

CBP Reference range P1 P2 P3 P4 P5
Haemoglobin 13-17g/dl 15.4 13.3 12.6 11.9 11.8

PCV 40-50% 43.5 38.8 36.7 32.0 33.4
RBC 4.5-5.5L/cumm 4.5 4.3 3.26 3.86 4.0
MCV 83-101fl 94.9 90.3 112.7 85.0 83.3
MCH 27-32pg 33.6 30.9 38.7 30.8 29.4

MCHC 31.5-34.5g/dl 35.4 34.3 34.3 36.3 35.3
Total White Cell Counts 4000-11000 cell/

cumm
4700 13000 13209 6900 22400

Differential count
Neutrophils 40-70% 68 85 80 69 85

Lymphocytes 20-40% 25 12 16 27 12
Eosinophils 1-6% 1 1 02 02 01
Monocytes 2-10% 6 2 02 02 02
Basophils 0-1% 0 0 0 0 0
Platelets 1.5-5.0 lakhs/cumm 1.6 3.24 2.81 2.11 3.67

Absolute neutrophils 
count

1500-8000/cumm 3196 11815 10560 4761 19040

Absolute lymphocytes 1000-4800/cumm 1175 1668 2112 1863 2688

(Childrens) 3000-9500/cumm

Peripheral smear Normocytic/
Normochromic

Normocytic/
Normochromic

Normocytic/
Normochromic

Normocytic/
Normochromic

Normocytic/
Normochromic

medications commonly prescribed for diabetes or cardiovascular 
conditions may have side effects on blood cell counts. Monitoring 
CBC helps in identifying and managing such side effects. Serum cre-
atinine can provide insights into kidney function.

Monitoring and managing these biochemical parameters 
through lifestyle modifications, medication, and regular medical 
check-ups are essential in preventing and managing the cardio-
vascular complications associated with type 2 diabetes, including 
heart failure.

Table 7: Complete Blood Picture of Patients.

TSH levels Reference range P1 P2 P3 P4 P5
TSH 0.35-5.5 4.45 2.48 4.83 6.51 0.50

Trop1 -Quantitative <19ng/L 1.6 1253.2 226.5 2.5 8.8

Table 8: Thyroid Test.
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Thyroid function tests are generally important in assessing 
overall health, and abnormalities in thyroid function. This can have 
implications for both type 2 diabetes mellitus (T2DM) and cardio-

vascular disease (CVD). Thyroid hormones play a role in regulating 
metabolism, and imbalances that can affect insulin sensitivity. Both 
hypo- and hyperthyroidism can impact glucose metabolism.

Drugs P1 P2 P3 P4 P5
S.no 1. Clopidogrel Clavin Clavin Clavin Vildasmart

2. Aspirin Metxl Lanoxin Glycomet
3. NA NA NA NA NA

Injection Heparin Heparin Heparin Heparin
Insulin Insulin Lasix Insulin Insulin

 Table 9: A few important drugs for Diabetes and CVD control (not exhausive) with local names.

NA- not available.

Various drugs can influence biochemical parameters in individ-
uals with type 2 diabetes, and some medications may impact the 
risk of heart failure. It’s important to note that the effects of medi-
cations can vary from person to person, and healthcare profession-
als carefully consider the individual’s overall health and medical 
history when prescribing medications. Patients with T2DM have 
an increased risk of cardiovascular events, and antiplatelet medi-
cations like Clopidogrel may be prescribed to reduce the risk of 
clot formation and cardiovascular events in these individuals.

Clavin Tablet is an antibiotic that helps the body fight infections 
caused by bacteria.

Vildasmart Tablet is used in the treatment of Type 2 diabetes 
mellitus.

Lanoxin Tablet is prescribed for the management of heart 
failure, often in conjunction with other medications. It facilitates 
symptomatic relief by enhancing the efficiency of the heart’s 
blood-pumping function. Additionally, this medication is employed 
to address abnormal heart rhythm (arrhythmia), aiding in the res-
toration and maintenance of a regular and steady heartbeat.

Insulin is always effective and is often used when other treat-
ments fail to achieve the desired level of glycemic control. How-
ever, it comes with the risk of hypoglycemia and weight gain. It is 
also observed that Sulfonylureas (e.g., glyburide, glipizide) may 
cause hypoglycemia, and long-term use may be associated with 
weight gain. Metformin reduces glucose production by the liver 

Figure 1: Metabolic, structural and biochemical changes in diabetes and the development of heart failure. Source: Power point slide. 

Citation: Kaiser Jamil., et al. “Leveraging the Biochemical Basis of Heart Failures in Type2 Diabetics, Through a Few Case Studies and Review of  
Literature". Acta Scientific Biotechnology 4.6 (2023): 40-50.



47

Leveraging the Biochemical Basis of Heart Failures in Type2 Diabetics, Through a Few Case Studies and Review of Literature

and improves insulin sensitivity. Generally it is well-tolerated, but 
in rare cases, it may cause lactic acidosis, especially in individu-
als with impaired kidney function. The findings presented in this 
study not only enhance our understanding of the intricate relation-
ship between diabetes and heart failure but also pave the way for 
personalized and targeted interventions

Hyperglycaemia and insulin resistance play significant roles in 
the onset of heart failure, engaging through various mechanisms 
that act both independently and synergistically. These include im-
paired microvascular endothelial function, altered cardiac metab-
olism (shifting myocardial glucose utilization towards less efficient 
fatty acid oxidation), heightened myocardial fibrosis, increased 
oxidative stress, and the local activation of the renin-angiotensin 
system and sympathetic nervous system. These factors collectively 
contribute to the development of heart failure.

Discussion
In this study we are trying to leverage if biochemical param-

eters can be useful to unravel new biomarkers into why T2DM 
is a risk factor for MI or HF. A Complete Blood Count (CBC), is a 
common blood test that provides important information about the 
cellular components of the blood. In the context of cardiovascu-
lar disease (CVD) patients who are already suffering from Type 2 
Diabetes Mellitus (T2DM), there are several reasons why a CBP is 
considered essential for example, Platelets are crucial for blood 
clotting. An abnormal platelet count can be associated with both 
diabetes and cardiovascular disease. Too many platelets can con-
tribute to blood clot formation, while too few can lead to bleeding 
issues. CBP includes platelet count, which is valuable in assessing 
these risks [7]. People with diabetes, particularly those with poorly 
controlled blood sugar levels, may be at a higher risk of infections. 
Infections can further stress the cardiovascular system. The white 
blood cell count (WBC) component of the CBP helps in monitoring 
for signs of infection. While HbA1c reflects 3-month glycemic con-
trol, it overlooks short-term glycemic variability (GV), daily fluc-
tuations in blood glucose, and hypoglycemic events. Though the 
mechanisms are not fully understood, evidence suggests that daily 
glucose fluctuations are associated with endothelial dysfunction, 
inflammation, and oxidative stress, factors contributing to vascu-
lar damage and atherosclerosis [8]. Chronic inflammation is a com-
mon feature of both diabetes and cardiovascular disease. CBC may 
include markers such as C-reactive protein (CRP), which can pro-
vide information about the level of inflammation in the body and 

determining the cholesterol levels could indicate the heart disease 
condition [9].

Following is the list of drugs linked with heart failure in type 2 
diabetic patients Thiazolidinedione, Sulphonylureas, Meglitinides, 
Metformin, Saxagliptin, Alogliptin, Glumetza. Diabetes patients 
face an elevated risk of heart failure due to the aberrant cardiac 
processing of glucose and free fatty acid (FFAs) and the impact of 
diabetes-related disruptions on the cardiovascular system [10]. 
The metabolic hazard of diabetes in heart failure is exacerbated by 
the administration of antidiabetic medications [11]. Glucose-low-
ering agents may contribute to heart failure development through 
various pathophysiological mechanisms, such as heightened insu-
lin levels, water retention, and reduced glucose availability for the 
heart and muscles. 

There is evidence to suggest that subclinical hypothyroid-
ism (a mild form of underactive thyroid) may be associated with 
an increased risk of developing T2DM. Also, thyroid dysfunction, 
especially hypothyroidism, has been associated with various risk 
factors for cardiovascular disease, such as elevated cholesterol lev-
els, increased blood pressure, and impaired vascular function. Ab-
normalities in thyroid-stimulating hormone (TSH), free thyroxine 
(FT4), and free triiodothyronine (FT3) levels can indicate thyroid 
dysfunction, which may warrant further investigation and manage-
ment [12,13].

One very important parameter linking biochemical parameters 
to Heart failure is the fact that that Advanced Glycation End Prod-
ucts (AGEs) are formed when glucose reacts with proteins in the 
body. They can contribute to vascular damage and stiffness, increas-
ing the risk of heart failure in individuals with diabetes [14,15].

Unravelling the potential adverse effects of glucose-lowering 
drugs is challenging, as it involves deciphering more than just the 
negative consequences of excessive glucose reduction in diabetic 
individuals. While insulin itself does not induce hyperglycaemia, 
improper dosing or administration may lead to hypoglycaemia. 
Hypoglycaemia can trigger a stress response that may temporarily 
increase blood pressure and heart rate. The Vildasmart Tablet com-
bines two anti-diabetic medications: Metformin and Vildagliptin. 
Metformin, classified as a biguanide, is an anti-diabetic agent that 
reduces glucose production in the liver, delays glucose absorption 
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from the intestines, and enhances the body’s responsiveness to in-
sulin [16].

Lanoxin tablets prescribed to our patients in case studies were 
for the treatment of chronic cardiac failure, particularly when sys-
tolic dysfunction was the primary issue. The most significant ther-
apeutic advantages were found in patients with ventricular dilata-
tion. Specifically, Lanoxin tablets are recommended when cardiac 
failure is concurrent with atrial fibrillation [17].

Each drug class has its own advantages and disadvantages in 
terms of efficacy, safety, weight influence, and cost. Combination 
therapy often achieves better glycemic control [18]. The modified 
systemic and cardiac glucose metabolism observed in patients 
spanning from impaired glucose control to diabetes mellitus plays 
a pivotal role in the structural and functional anomalies affecting 
the heart, ultimately leading to cardiac dysfunction. In individu-
als with diabetes, the onset of heart failure is not solely attributed 
to underlying coronary artery disease but is also influenced by 
various pathophysiological and metabolic irregularities stemming 
from altered glucose metabolism. The compromised cardiac glu-
cose metabolism, coupled with the transition from glucose to free 
fatty acid (FFA) oxidation in diabetic hearts, significantly impairs 
cardiac contractility and function. This, in turn, induces left ven-
tricular systolic and diastolic dysfunction, even in the absence of 
coronary artery disease (CAD) or other structural heart conditions. 
Combination therapies for managing both the diseases has been 
a challenge for the physicians [19]. The concurrent use of SGLT-2 
inhibitors and MRAs has the potential to diminish cardiovascular 
events more effectively when compared to the use of either SGLT-2 
inhibitors or MRAs in isolation. This combined approach emerges 
as a promising treatment strategy for patients with both Type 2 
Diabetes and CVD. 

Several case studies have offered a unique perspective on the 
biochemical basis of heart failure in type 2 diabetes. Through a 
meticulous examination of our cases, commonalities and distinc-
tive factors have emerged, shedding light on potential biomarkers, 
pathways, and therapeutic targets. The findings presented in this 
study not only enhance our understanding of the intricate rela-
tionship between diabetes and heart failure but also pave the way 
for personalized and targeted interventions. In patients with CVD, 
platelets are often hyperactive, contributing to the formation of 
blood clots. Clopidogrel helps reduce the risk of clot formation by 

inhibiting platelet function. Clopidogrel is an antiplatelet medica-
tion that inhibits the activity of platelets, preventing the formation 
of blood clots [20]. It achieves this by irreversibly binding to the 
P2Y12 receptor on platelets, inhibiting ADP-induced platelet ag-
gregation.

The impairment of cardiac function in diabetic individuals 
manifests through diverse mechanisms, including reduced glu-
cose transport and carbohydrate oxidation, elevated FFA utiliza-
tion, diminished sarcolemmal calcium transport, and alterations 
in myofibrillar regulatory contractile proteins. Multiple points in 
cardiac glucose metabolism are compromised in diabetes mellitus 
patients, including glucose uptake, glycolysis, and intramitochon-
drial pyruvate oxidation. The decrease in glucose uptake is attrib-
uted to the sluggish rate of glucose transport across the sarcolem-
mal membrane into the myocardium, resulting from a reduction in 
the myocardial concentration of glucose transporter type 1 (GLUT 
1) and glucose transporter type 4 (GLUT 4) [21,22]. Additionally, 
individuals with diabetes mellitus exhibit higher plasma levels and 
myocardial uptake of FFAs. The elevated circulating FFAs and their 
increased oxidation are primarily responsible for inhibiting both 
glycolysis and glucose oxidation in the heart. T2DM is character-
ized by insulin resistance and impaired insulin secretion. Hyper-
glycemia and insulin resistance can contribute to inflammation, 
oxidative stress, and endothelial dysfunction, which are factors 
that increase the risk of cardiovascular complications [23]. While 
it has not been easy to select a particular biomarker but this study 
has resulted in some understanding of the “Deadly Duo”. Regular 
monitoring of the biochemical parameters allows for timely inter-
ventions and improved management of both diabetes and cardio-
vascular disease. Additional efforts are needed to advance our un-
derstanding of the disease state and its influence on cardiovascular 
function, aiming to improve medical interventions and cardiovas-
cular outcomes in individuals with diabetes.

Conclusion
In order to determine emerging risk parameters to be of genu-

ine utility, they must exhibit a substantial enhancement in predict-
ing the risk of future diabetes to mitigate CVD. A mere compari-
son between conventional risk factors readily accessible through 
historical data, basic examination measures, or routine blood tests 
may not solve the problem. Alternatively, these novel parameters 
should offer valuable insights into the accelerated progression of 
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microvascular or macrovascular diseases in individuals with dia-
betes or non-diabetic hyperglycemia—an aspect that has been 
inadequately explored until now. Furthermore, even if these epi-
demiological risk factors demonstrate efficacy in predicting risk, 
critical considerations such as cost–benefit relationships and the 
standardization of testing procedures must be thoroughly ad-
dressed before their widespread implementation.

Acknowledgement
We are grateful to the Chairman of our Institute and to the Re-

search Director for their encouragement.

Conflict of Interest
None.

Funding
No funds were received for this work.

Ethical Approval
We conducted this study according to the guidelines stipulated 

in the Declaration of Helsinki. The institutional IEC board of Bhag-
wan Mahavir Medical Research Centre, approved this study.

Bibliography
1.	 Ma CX., et al. “Cardiovascular disease in type 2 diabetes mel-

litus: progress toward personalized management”. Cardiovas-
cular Diabetology 21 (2022): 74. 

2.	 Einarson TR., et al. “Prevalence of cardiovascular disease in 
type 2 diabetes: a systematic literature review of scientific ev-
idence from across the world in 2007-2017”. Cardiovascular 
Diabetology 17 (2018): 83. 

3.	 Lemma Demissie Regassa., et al. “Prevalence of Cardiovascu-
lar Disease and Associated Factors Among Type 2 Diabetes 
Patients in Selected Hospitals of Harari Region, Eastern Ethio-
pia”. Frontiers in Public Health 8 (2020). 

4.	 Martín-Timón I., et al. “Type 2 diabetes and cardiovascular 
disease: Have all risk factors the same strength?” World Jour-
nal of Diabetes 5.4 (2014): 444-470. 

5.	 Isabelle Johansson and Francesco Cosentino. “The combina-
tion of coronary artery disease and type 2 diabetes: a thera-
peutic challenge (2019)”. European Heart Journal 21 (2019): 
C37-C39.

6.	 Joshua J Joseph., et al. “Comprehensive Management of Car-
diovascular Risk Factors for Adults With Type 2 Diabetes: A 
Scientific Statement From the American Heart Association”. 
Circulation 145.9 (2022): e722-e759.

7.	 Leon BM and Maddox TM. “Diabetes and cardiovascular dis-
ease: Epidemiology, biological mechanisms, treatment recom-
mendations and future research”. World Journal of Diabetes 
6.13 (2015): 1246-1258. 

8.	 CVD-MA-1 Sun L., et al. “Current advances in the study of dia-
betic cardiomyopathy: from clinicopathological features to 
molecular therapeutics (review)”. Molecular Medicine Reports 
20 (2019): 2051-2062.

9.	 Khil J., et al. “Changes in total cholesterol level and cardiovas-
cular disease risk among type 2 diabetes patients”. Scientific 
Report 13 (2023): 8342. 

10.	 Sharma A., et al. “Diabetes and cardiovascular disease: inter-
relation of risk factors and treatment”. Future Journal of Phar-
maceutical Sciences 6 (2020): 130. 

11.	 L Ravikumar., et al. “Dapagliflozin and Sitagliptin Combination 
Therapy: An Overview of Clinical Utility in Type 2 Diabetes 
Mellitus with Multiple Cardiovascular Risk Factors”. Cardiol-
ogy and Cardiovascular Medicine 7 (2023): 141-144.

12.	 Kalra S., et al. “Thyroid Dysfunction and Type 2 Diabetes Mel-
litus: Screening Strategies and Implications for Management”. 
Diabetes Therapy 10.6 (2019): 2035-2044.

13.	 Zhu P., et al. “TSH levels within the normal range and risk of 
cardiovascular and all-cause mortality among individuals with 
diabetes. Cardiovascular Diabetology 21 (2022): 254.

14.	 Peppa M and Raptis SA. “Advanced glycation end products and 
cardiovascular disease”. Current Diabetes Reviews 4.2 (2008): 
92-100. 

15.	 Fishman SL., et al. “The role of advanced glycation end-prod-
ucts in the development of coronary artery disease in patients 
with and without diabetes mellitus: a review”. Molecular Medi-
cine 24 (2018): 59.

Citation: Kaiser Jamil., et al. “Leveraging the Biochemical Basis of Heart Failures in Type2 Diabetics, Through a Few Case Studies and Review of  
Literature". Acta Scientific Biotechnology 4.6 (2023): 40-50.

https://doi.org/10.1186/s12933-022-01516-6
https://doi.org/10.1186/s12933-022-01516-6
https://doi.org/10.1186/s12933-022-01516-6
https://doi.org/10.1186/s12933-018-0728-6
https://doi.org/10.1186/s12933-018-0728-6
https://doi.org/10.1186/s12933-018-0728-6
https://doi.org/10.1186/s12933-018-0728-6
https://doi.org/10.3389/fpubh.2020.532719
https://doi.org/10.3389/fpubh.2020.532719
https://doi.org/10.3389/fpubh.2020.532719
https://doi.org/10.3389/fpubh.2020.532719
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4127581/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4127581/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4127581/
https://doi.org/10.1093/eurheartj/suz037
https://doi.org/10.1093/eurheartj/suz037
https://doi.org/10.1093/eurheartj/suz037
https://doi.org/10.1093/eurheartj/suz037
https://doi.org/10.1161/CIR.0000000000001040
https://doi.org/10.1161/CIR.0000000000001040
https://doi.org/10.1161/CIR.0000000000001040
https://doi.org/10.1161/CIR.0000000000001040
https://pubmed.ncbi.nlm.nih.gov/26468341/
https://pubmed.ncbi.nlm.nih.gov/26468341/
https://pubmed.ncbi.nlm.nih.gov/26468341/
https://pubmed.ncbi.nlm.nih.gov/26468341/
https://doi.org/10.3892/mmr.2019.10473
https://doi.org/10.3892/mmr.2019.10473
https://doi.org/10.3892/mmr.2019.10473
https://doi.org/10.3892/mmr.2019.10473
https://doi.org/10.1038/s41598-023-33743-6
https://doi.org/10.1038/s41598-023-33743-6
https://doi.org/10.1038/s41598-023-33743-6
https://doi.org/10.1186/s43094-020-00151-w
https://doi.org/10.1186/s43094-020-00151-w
https://doi.org/10.1186/s43094-020-00151-w
https://www.fortunejournals.com/articles/dapagliflozin-and-sitagliptin-combination-therapy-an-overview-of-clinical-utility.pdf
https://www.fortunejournals.com/articles/dapagliflozin-and-sitagliptin-combination-therapy-an-overview-of-clinical-utility.pdf
https://www.fortunejournals.com/articles/dapagliflozin-and-sitagliptin-combination-therapy-an-overview-of-clinical-utility.pdf
https://www.fortunejournals.com/articles/dapagliflozin-and-sitagliptin-combination-therapy-an-overview-of-clinical-utility.pdf
https://pubmed.ncbi.nlm.nih.gov/31583645/
https://pubmed.ncbi.nlm.nih.gov/31583645/
https://pubmed.ncbi.nlm.nih.gov/31583645/
https://doi.org/10.1186/s12933-022-01698-z
https://doi.org/10.1186/s12933-022-01698-z
https://doi.org/10.1186/s12933-022-01698-z
https://pubmed.ncbi.nlm.nih.gov/18473756/
https://pubmed.ncbi.nlm.nih.gov/18473756/
https://pubmed.ncbi.nlm.nih.gov/18473756/
https://doi.org/10.1186/s10020-018-0060-3
https://doi.org/10.1186/s10020-018-0060-3
https://doi.org/10.1186/s10020-018-0060-3
https://doi.org/10.1186/s10020-018-0060-3


50

Leveraging the Biochemical Basis of Heart Failures in Type2 Diabetics, Through a Few Case Studies and Review of Literature

16.	 Han Y., et al. “Effect of metformin on all-cause and cardiovas-
cular mortality in patients with coronary artery diseases: a 
systematic review and an updated meta-analysis”. Cardiovas-
cular Diabetology 18 (2019): 96. 

17.	 Parikh RR., et al. “Effects of Digoxin in Heart Failure (HF) With 
Reduced Ejection Fraction (EF)”. Cureus 14.3 (2022): e22778. 

18.	 Tariq Ahmad., et al. “A Practical Guide for Cardiologists to the 
Pharmacological Treatment of Patients with Type 2 Diabetes 
and Cardiovascular Disease”. European Cardiology Review 16 
(2021): e11.

19.	 Tsukamoto S., et al. “Cardiovascular and kidney outcomes of 
combination therapy with sodium-glucose cotransporter-2 
inhibitors and mineralocorticoid receptor antagonists in pa-
tients with type 2 diabetes and chronic kidney disease: A sys-
tematic review and network meta-analysis”. Diabetes Research 
and Clinical Practice 194 (2022): 110161. 

20.	 Savi P., et al. “Clopidogrel: a review of its mechanism of action”. 
Platelets 9.3-4 (1998): 251-255.

21.	 Navale AM and Paranjape AN. “Glucose transporters: physi-
ological and pathological roles”. Biophysics Review 8.1 (2016): 
5-9.

22.	 Milja Arponen., et al. “Glucose transporters GLUT1, GLUT3, 
and GLUT4 have different effects on osteoblast proliferation 
and metabolism”. Frontiers in Physiology 13 (2022).

23.	 Morales J and Handelsman Y. “Cardiovascular Outcomes in Pa-
tients With Diabetes and Kidney Disease: JACC Review Topic 
of the Week”. Journal of the American College of Cardiology 82.2 
(2023): 161-170.

24.	 American Diabetes Association Professional Practice Commit-
tee; 10. “Cardiovascular Disease and Risk Management: Stan-
dards of Medical Care in Diabetes—2022”. Diabetes Care 45 
(2022): S144-S174.

Citation: Kaiser Jamil., et al. “Leveraging the Biochemical Basis of Heart Failures in Type2 Diabetics, Through a Few Case Studies and Review of  
Literature". Acta Scientific Biotechnology 4.6 (2023): 40-50.

https://doi.org/10.1186/s12933-019-0900-7
https://doi.org/10.1186/s12933-019-0900-7
https://doi.org/10.1186/s12933-019-0900-7
https://doi.org/10.1186/s12933-019-0900-7
https://pubmed.ncbi.nlm.nih.gov/35371861/
https://pubmed.ncbi.nlm.nih.gov/35371861/
https://doi.org/10.15420/ecr.2020.01.R1
https://doi.org/10.15420/ecr.2020.01.R1
https://doi.org/10.15420/ecr.2020.01.R1
https://doi.org/10.15420/ecr.2020.01.R1
https://pubmed.ncbi.nlm.nih.gov/36403681/
https://pubmed.ncbi.nlm.nih.gov/36403681/
https://pubmed.ncbi.nlm.nih.gov/36403681/
https://pubmed.ncbi.nlm.nih.gov/36403681/
https://pubmed.ncbi.nlm.nih.gov/36403681/
https://pubmed.ncbi.nlm.nih.gov/36403681/
https://www.tandfonline.com/doi/abs/10.1080/09537109876799
https://www.tandfonline.com/doi/abs/10.1080/09537109876799
https://pubmed.ncbi.nlm.nih.gov/28510148/
https://pubmed.ncbi.nlm.nih.gov/28510148/
https://pubmed.ncbi.nlm.nih.gov/28510148/
https://doi.org/10.3389/fphys.2022.1035516
https://doi.org/10.3389/fphys.2022.1035516
https://doi.org/10.3389/fphys.2022.1035516
https://doi.org/10.1016/j.jacc.2023.04.052
https://doi.org/10.1016/j.jacc.2023.04.052
https://doi.org/10.1016/j.jacc.2023.04.052
https://doi.org/10.1016/j.jacc.2023.04.052
https://doi.org/10.2337/dc22-S010
https://doi.org/10.2337/dc22-S010
https://doi.org/10.2337/dc22-S010
https://doi.org/10.2337/dc22-S010

