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Type 2 diabetes (T2D), recognized as adult-onset diabetes; a form of
diabetes mellitus characterized by high blood sugar (hyperglycemia),
relative lack of insulin and insulin resistance. Complete blood count
(CBC) is an essential hematological device, used to investigate the
study of causes, prognosis, prevention, treatment, control, severity and
progressions of many blood related disease conditions. The aim of this
study is to determine the role of haematological parameters among type
2 diabetes with/without cardiovascular diseases subjects in Nigeria. The
correlations between haematological parameters with type 2 diabetes
and hypertension was also determined. Fasting blood glucose was
estimated using Spectrophotometry assay Glycated hemoglobin
(HbAlc) test was carried out by “reflection spectrometry” method
using CLOVER Alc Self Analyzer system, flow cytometry method
was used to carry out Complete/Full Blood Count, sphygmomanometer
was used to measure the blood pressure, and the BMI was calculated by
using the weight in kilograms (kg) divided by the square of the height
in meters (m”); and questionnaire was administered to evaluates the
sociodemographic values. A total number of 140 subjects comprising
103 disease group and 37 control subjects were recruited into this
study.

"© 2026 by the Author(s). Published by IJAR under CC BY 4.0. Unrestricted use allowed
with credit to the author.”

74 subjects (71.85%) were type 2 diabetes, 29 (28.16%) were type 2 diabetes with hypertension, 37 (26.43%) were
control subjects; 57 (40.71%) were males and 83 (59.29%) were females of the age limit between 30 to 75 years and
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both male and female genders was recruited. Independent T-test showed that the mean and standard deviation of
WBC, MCV, MCHC, Neutrophil (NEUT), Lymphocytes, Monocytes and Basophils were statistically significantly
different between T2DM, T2DM/HTN patients and control group (P <0.05). The systolic and diastolic blood
pressure were significantly higher in the DM and DM/HTN groups compared to the control group (p < 0.001).
Consequently, hematological parameters, especially CBC, HbAlc level, should be considered a routine laboratory
requests for proper glycemic control and management of type 2 diabetes and hypertensive patients in all health
facilities in Nigeria.

Introduction:-

Type 2 diabetes (T2D), acknowledged as adult-onset diabetes. This is a form of diabetes mellitus characterized by
high blood sugar (hyperglycemia), relative lack of insulin and insulin resistance (WHO, 2020). Common symptoms
include increased thirsty, frequent urination, fatigue and unexplained weight loss. Symptoms may also include
increased hunger, having a sensation of pins and needles, and unhealed sores (wounds), which frequently develop
slowly. Long-term complications from high blood sugar include heart disease, stroke, diabetic retinopathy, which
can result in blindness, kidney failure, and poor blood flow in the lower-limbs, which may lead to amputations
(WHO, 2016). The sudden onset of hyperosmolar hyperglycemic state may occur; however, ketoacidosis is
uncommon (Fasanmade et al., 2008; Pasquel and Umpierrez, 2014). Type 2 diabetes primarily occurs as a result of
obesity and lack of exercise. Some people are genetically more at risk than others (WHO, 2020).

The standard indicators of diabetes are frequent urination (polyuria), increased thirst (polydipsia), increased hunger
(polyphagia), and weight loss (Type 2 Diabetes | Annals of Internal Medicine, 2022). Others are usually present at
diagnosis which embraces a history of blurred vision, itchiness, peripheral neuropathy, recurrent vaginal infections,
fatigue and loss of taste. However, many don’t have any symptoms during the first few years and are diagnosed on
routine analysis (Gardner and Shoback (2011).

Naturally, Type 2 diabetes is a chronic disease associated with a ten-year-shorter life probability, due to numerous
complications with which it is associated, this include two to four times the risk of cardiovascular disease,
comprising ischemic heart disease and stroke; a 20-fold increase in lower limb amputations, and increased rates of
hospitalizations.The initiation for diagnosing diabetes is based on the correlations between patient’s clinical
diagnosis and the laboratory results of glucose tolerance tests, fasting glucose or HbA |, and some complications like
eye issues.A fasting or random blood sugar is preferred over the glucose tolerance test, as they are more convenient
for people (Melmed et al., 2011). HbA,. has the advantages that fasting is not required and results are more stable
but has the disadvantage that the test is more costly than measurement of blood glucose (American Diabetes
Association, 2011). Generally, more than 25% of people with diabetes in Nigeria do not recognized that they have
the disease (Melmed et al., 2011).

About 347 million people have diabetes globally have diabetes (Danaei et al., 2011). An estimated 3.4 million
people died from the effects of high fasting blood sugar in 2004 and a comparable number of deaths has been
estimated for 2010 (WHO, 2016). More than 80% of diabetes deaths occur in low- and middle-income countries
(Mathers and Loncar 2006). By 2030, WHO projected that diabetes will be the 7th leading cause of death (WHO,
2020). In 2014, 8.5% of adults aged 18 years and older had diabetes. In 2019, diabetes was the direct cause of 1.5
million deaths and 48% of all deaths due to diabetes occurred before the age of 70 years. Another 460 000 kidney
disease deaths were caused by diabetes, and raised blood glucose causes around 20% of cardiovascular deaths.
Between 2000 and 2019, there was a 3% increase in age-standardized mortality rates from diabetes. In lower-
middle-income countries, the mortality rate due to diabetes increased 13% (Global Burden of Disease, 2019; WHO,
2022). Healthy diet, regular physical activity, maintaining a normal body weight and evading the use of tobacco can
inhibit or suspend the onset of type 2 diabetes.

Complete Blood Count (Cbc):-

A complete blood count (CBC), can also be called full blood count (FBC), is a set of medical laboratory tests that
provide information about the cells in a human’s blood. Complete blood count (CBC) is economically and securely
available laboratory test that can demonstrate chronic inflammation. Several inflammatory markers can be
established by a CBC factor and can be concomitant with the commencement and development of DM. CBC
components includes hemoglobin concentration level, haematocrit (the percentage volume of red blood cells) or
packed cell volume (PCV), white blood cell (WBC) count, red blood cell (RBC) count and platelet count
(Harmening, 2009). The red blood cell indices, mean cell volume (MCV), mean corpuscular haemoglobin (MCH)
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and mean corpuscular hemoglobin concentration (MCHC) which indicate the average size and hemoglobin content
of red blood cells, are also reported, and a white blood cell differential, which counts the different types of white
blood cells like polymorphs, lymphocyte count, are also included. WBC count is a vital biomarker of inflammatory
process in cardiovascular disease and in T2DM complications. They may possibly be stimulated by advanced
glycation end products, angiotensin II, oxidative stress in T2DM, stimulated by hyperglycemia, damaged tissue and
other degenerative diseases (Leach, 2014; Demirtas et al., 2015).

White blood cell (WBC) count is elevated in obesity and is a danger influence for atherosclerosis and predicts a
deterioration of insulin action and the progress of type 2 diabetes. An elevated white blood cell (WBC) count is
present in impaired glucose tolerance (IGT) and is accompanying with macro- and microangiopathic advancement
in type 2 diabetes (Veronelli et al., 2004). Elevated WBC is concomitant with other risk factors like smoking and
fasting blood glucose or insulin values and inversely related to physical activity, plasma HDL-cholesterol
concentration and family income (Milosevic and Panin, 2019).

The complete blood count is an essential hematological device, used to probe the study of the causes, prognosis,
treatment, prevention, severity and progressions of many disease conditions related to blood. The CBC is frequently
used to screen for diseases as part of a medical evaluation. The CBC has detailed applications in numerous clinical
indications (Van Leeuwen and Bladh 2019). CBC is a laboratory investigation usually requested by the clinicians
when a patient is to undergoe surgery to ascertain anemia, ensure that platelet levels are sufficient, and screen for
infection, especially when suspected of having disease that affects the blood cells, like infection, bleeding disorder,
chronic infections like HIV or some cancers. In emergencies, CBC is used to examine numerous clinical symptoms,
like fever, abdominal pain, and shortness of breath, and also to evaluate bleeding and trauma (Bala et al., 2017; Gow
etal., 2017).

It is important for people undergoing radiation therapy or chemotherapy for cancer, since these treatments defeat the
production of blood cells in the bone marrow which can strictly leads to low levels of white blood cells, platelets and
hemoglobin (Lewis and Maslin, 2015). Hence, stable CBCs are crucial for people taking some psychiatric drugs,
like clozapine and carbamazepine, which in rare cases can cause a life-threatening drop in the number of white
blood cells (agranulocytosis) (Fatemi et al., 2016; Wicinski and Weclewicz, 2018). In differential white blood cell,
the different types of white blood cells are identified and counted using Rowmanosky staining procedure, which are
reported in percentage and as an absolute number per unit volume. Five types of white blood cells which are
classically measured, they include neutrophils, lymphocytes, monocytes, eosinophils and basophils (American
Association for Clinical Chemistry, 2020).

Various inflammatory markers like interleukin-6 (IL-6) and C-reactive protein (CRP) are concomitant with glucose
syndromes and diabetes (Oda, 2015). Several research studies has described a relationship of White Blood Cells
(WBC), as a subclinical inflammatory markers, with insulin resistance and type 2 diabetes, but with controversy that
exist within these parameters. In young Chinese workers, it was implicated that WBC count and diabetes risk show a
U-shape relationship, but in a Japanese healthy population there was no association between WBC count and
incidence of diabetes (Oda, 2015). Kashima et al (2019) described that WBC count is a self-regulating threatening
influence for type 2 diabetes in Japan (Kashima et al., 2019).

Considering the link between inflammation and diabetes, identifying the inflammatory markers in order to ascertain
diabetic patients might be a cost-effective method. Measuring WBC among the diverse inflammatory markers, is
simple and can usually be carried out in any clinical setting. Findings of preceding studies are not consistent. But
result Kheradmand et al (2021) study showed that WBC count is significantly higher in people with high risk of type
2 diabetes when compared with normal subjects (Zhang et al., 2017; Kheradmand et al., 2021).

Pervious reviewed articles discovered that BMI play a starring role in the association between WBC and diabetes. A
study has implicated that after six-year follow-up, no relationship between WBC count and diabetes was reported in
healthy Japanese population where obesity was not prevalent (Oda 2015) In a contrary study, after adjustment for
BMI, the odds increase by 20% (Kheradmand et al., 2021). Interestingly another study conducted by Kashima et al.
in Japanese population reported that after 5.5 years of follow-up among 9,706 participants, crude and adjusted HRs
for diabetes incidence were significantly increased among participants with a high level of WBC count compared to
participants with a low level of WBC. Different sample size and data analysis might be the reason of erratic results
(Kashima et al., 2019).
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Activation of the immune system and inflammation may be discovered by an increase in many markers, including
white blood cell count (WBC) and cytokine and plasminogen activator inhibitor-1 (PAI-1) concentrations. Because
of the cross-sectional relationship between inflammatory markers and insulin resistance and/or type 2 diabetes
(Festa et al., 2000), has remained optional that a chronic low-grade activation of the immune system might be
considered in the pathogenesis of type 2 diabetes (Weyer et al., 2000).

Evidence from potential studies in Pima Indians and other populations show that different markers of inflammation,
like a high WBC, plasma fibrinogen, PAI-1, gamma globulin, and lower albumin concentrations, are accompanying
with the advanced development of type 2 diabetes. However, the machineries by which these inflammatory markers
contribute to the advancement of type 2 diabetes are largely unknown. (Freeman et al., 2001; Lindsay et al., 2001;
Vozarova et al., 2002).

Laboratory values acquired from hematologic parameters can offer understanding addicted to variations that happen
in hematological indices such as platelets (PLT), red blood cells (RBC), white blood cells (WBC) and the other
parameters. Analysing these parameters may perhaps contribute in the follow-up of the transformation of
deteriorating difficulties in DM (Advia Systems, 2017).

The CBC is often carried out as a portion of a medical assessment and can be used to guide health or diagnose
diseases. The results are interpreted by comparing them to reference ranges, which vary with sex and age.
Conditions like anamia and thrombocytopenia are defined by abnormalities in outcome of complete blood count
results. The red blood cell indices can provide information about the cause of a person's anemia such as iron
deficiency and vitamin B12 deficiency. Results of white blood cell differential count can support to diagnose viral,
bacterial and parasitic infections, and blood disorders like leukemia. Not all results falling outside of the reference
range require medical intervention (Green and Wachsmann-Hogiu 2015).

Current research have revealed that the quantity and the lifespan of red blood cells (RBC) is shortened in T2DM as a
result of high blood glucose. Large prospective study: Early Treatment Diabetic Retinopathy Study (ETDRS), have
indicated that diminished Hb and HCT levels remain connected with elevated risk of T2DM microangiopathy
development. Potential mechanisms combined to reduce erythrocytes existence, hypoxemia and diminished
erythropoiesis (Milosevic and Panin 2019).

Elevation in the average platelet volume is an important predictor for impaired micro as well as macrovascular
complications among diabetic patients. The irregularities of platelet function usually initiates at the inception of
diabetes even before the occurrence of vascular pathology (symptoms). Patients are commonly seen to have unusual
high polymorphs. The increase in the number of polymorphs is associated with the development of thrombus and
ischemic damage. Different subtypes of WBC may show various aspects of inflammatory reactions or acute
infectious diseases. Previous investigation recommends that elevated values of polymorphs and comparative low
levels of lymphocytes in the blood are an independent fatality rate risk factor with chronic cardiac arrest in people
with type 2 diabetes (Narjis et al., 2021).

Triggered leukocytes and platelets at the locations of injured endothelium discharge vasoactive elements like
serotonin, leucotrien, thromboxane A2 pointing to vasospasm and positively influence the progression of thrombus
(Baklaja et al., 2008). Again, platelets express various adhesive particles and ligands that simplify communications
among platelets, leukocytes, and endothelium, through direct variation of the action of leukocytes (neutrophils,
lymphocytes), phagocytosis, oxidative stress, endothelium with adhesion fragment and chemokine expression (Jenne
et al., 2013; Milosevic and Panin 2019).

The complete blood count is an essential hematological device, used to probe the study of the causes, prognosis,
treatment, prevention, severity and progressions of many disease conditions related to blood. The CBC is frequently
used to screen for diseases as part of a medical evaluation. The CBC has detailed applications in numerous clinical
indications (Van Leeuwen and Bladh 2019). CBC is a laboratory investigation usually requested by the clinicians
when a patient is to undergoe surgery to ascertain anemia, ensure that platelet levels are sufficient, and screen for
infection, especially when suspected of having disease that affects the blood cells, like infection, bleeding disorder,
chronic infections like HIV or some cancers. In emergencies, CBC is used to examine numerous clinical symptoms,
like fever, abdominal pain, and shortness of breath, and also to evaluate bleeding and trauma (Bala et al., 2017; Gow
et al., 2017).
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It is important for people undergoing radiation therapy or chemotherapy for cancer, since these treatments defeat the
production of blood cells in the bone marrow which can strictly leads to low levels of white blood cells, platelets and
hemoglobin (Lewis and Maslin, 2015). Hence, stable CBCs are crucial for people taking some psychiatric drugs,
like clozapine and carbamazepine, which in rare cases can cause a life-threatening drop in the number of white
blood cells (agranulocytosis) (Fatemi et al., 2016; Wicinski and Weclewicz, 2018). In differential white blood cell,
the different types of white blood cells are identified and counted using Rowmanosky staining procedure, which are
reported in percentage and as an absolute number per unit volume. Five types of white blood cells which are
classically measured, they include neutrophils, lymphocytes, monocytes, eosinophils and basophils (American
Association for Clinical Chemistry, 2020).

Relationship Between Full Blood Count and Type 2 Diabetes:-

Various inflammatory markers like interleukin-6 (IL-6) and C-reactive protein (CRP) are concomitant by means of
glucose syndromes and diabetes (Oda, 2015). Several research studies has reported an association of White Blood
Cells (WBC), as a subclinical inflammation markers, with insulin resistance and type 2 diabetes, but with
controversy exists. In young Chinese workers, it was implicated that WBC count and diabetes risk show a U-shape
relationship, but in a Japanese healthy population there was no association between WBC count and incidence of
diabetes (Oda, 2015). It has been described that WBC count is an independent risk factor for type 2 diabetes in
Japan (Kashima et al., 2019).

Considering the link between inflammation and diabetes, identifying the inflammatory markers in order to ascertain
diabetic patients might be a cost-effective method. Measuring WBC among the diverse inflammatory markers, is
simple and can usually be carried out in any clinical setting. Findings of preceding studies are not consistent. But
results from recent study showed that WBC count is significantly higher in case group compared to control (Zhang
et al., 2017; Kheradmand et al., 2021).

Pervious reviewed articles discovered that BMI play a role in the relationship between WBC and diabetes. A study
has implicated that after six-year follow-up, no relationship between WBC count and diabetes was reported in
healthy Japanese population where obesity was not prevalent (Oda 2015). In a contrary study, after adjustment for
BMI, the odds increase by 20% (Kheradmand et al., 2021). Interestingly another study conducted by Kashima et al.
in Japanese population reported that after 5.5 years of follow-up among 9,706 participants, crude and adjusted HRs
for diabetes incidence were significantly increased among participants with a high level of WBC count compared to
participants with a low level of WBC (Kashima et al., 2019). Different sample size and data analysis might be the
reason of erratic results.

Study conducted by Ford, association between leukocyte count and incident of diabetes among US adults after 20
years follow-up was analyzed. Having adjusted all potential confounder variables like age, smoking status, systolic
blood pressure and cholesterol concentration, use of antihypertensive medications, physical activity, alcohol use, and
BMI. Results shown doseresponse relationship between WBC count and diabetes. Contrasting research conducted
by Kheradmand et al (2021) show a dependable result considering all the variable factors. Another cross-sectional
research conducted among Iranian population, there was no relationship between WBC count and insulin resistance
in type 2 diabetic patients (Mahdiani et al., 2019).

The Effects of Complete Blood Counts In Type 2 Diabetes and Hypertension:-

A complete blood count (CBC) is a routine blood test that provides essential information about the health of red
blood cells, white blood cells, and platelets.In individuals with type 2 diabetes and hypertension, abnormalities in
CBC parameters can indicate underlying complications or risk factors. (Khaled Essawi et al., 2023).

Red Blood Cell (RBC) Parameters:-

e Anemia: People with type 2 diabetes are at a higher risk of developing anemia, which can be identified through
a CBC. Anemia is characterized by a decrease in hemoglobin, hematocrit, or red blood cell count. This can be
caused by various factors, including iron deficiency, vitamin B12 deficiency, or chronic kidney disease, which
are common complications of diabetes (Zhang et al., 2018).

o Red Cell Distribution Width (RDW):A higher RDW, which measures the variation in red blood cell size, has
been associated with increased cardiovascular risk in individuals with type 2 diabetes and hypertension (Al-
Hasani et al., 2019). This may be due to chronic inflammation or oxidative stress, which can damage red blood
cells.
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White Blood Cell (WBC) Parameters:-

o Inflammation: Elevated levels of white blood cells, particularly neutrophils and monocytes, can be a sign of
chronic inflammation, which is common in type 2 diabetes and hypertension. This inflammation can contribute
to the development of cardiovascular disease and other complications (Hsu et al., 2018).

e Neutrophil-to-Lymphocyte Ratio (NLR): The NLR is a simple ratio that can be calculated from the
CBC.Studies have shown that a higher NLR is associated with increased cardiovascular risk in individuals with
type 2 diabetes and hypertension (Chen et al., 2017).

Platelet Parameters:-

o Platelet Activation: Increased platelet activation and aggregation can contribute to the formation of blood clots
and the development of cardiovascular disease. Studies have found that individuals with type 2 diabetes and
hypertension often have higher levels of platelet activation markers (Akar et al., 2016).

e Mean Platelet Volume (MPV): A higher MPV, which measures the average size of platelets, has been
associated with increased cardiovascular risk in individuals with type 2 diabetes and hypertension (Liu et al.,
2018). This may be due to increased platelet activation and inflammation.

e An intensification in MCV can illuminate the relationship between CVD and a appliance that escalates blood
viscosity and reduces cardiac blood flow. Hematocrit is included when calculating MCV and influences blood
viscosity, with a logarithmic relationship between blood viscosity and haematocrit (Wu et al., 2018).

e The relationship between platelets and various diseases is described by systemic inflammation (Zamora et al.,
2021). When the platelet is activated, various proinflammatory soluble factors are secreted. Platelet factor 4
(PF4, also called CXCL4) is the most abundantly secreted by activated platelets and accumulates in the
endothelium (Ye et al., 2017).

Association Between White Blood Count (Wbc) and Insulin Sensitivity:-

There is a possible explanation that both higher WBC and insulin resistance reveal fundamental activation of the
immune system. For instance, interleukin-6 (IL-6), a strong white blood cell differentiation factor that is
manufactured frequently in the adipose tissue is accompanied with insulin resistance (Fernandez-Real et al., 2001).
This might therefore be hypothesized that IL-6 may be a feature that not only increases WBC but also leads to
insulin resistance. This notion is also supported by an observation that a single nucleotide polymorphism in the IL-6
gene was revealed to be linked with an elevated WBC and lower insulin sensitivity (Fernandez-Real et al., 2000).

Interestingly, it has remained established that WBC and other inflammatory indicators aggregate in families, which
proposes that genetic factors may possibly be complicated in the stimulation of the immune system (Pankow et al.,
2001). However, because relatives share not only genetic determinants but also environmental influences, such as
introduction to infection, it is not possible to determine whether familiar associations are genetic or environmental.
Because cytokines, like IL-6, are produced by activated white blood cells, it is also possible that an initiation of the
immune system, caused by inflammation, could increase WBC and therefore cytokine production, which may
decrease insulin sensitivity. Hormones are another possible link between WBC and insulin sensitivity (Pickup and
Crook 1998; Vozarovaet al., 2002).

Different hormones have receptors on the surface of white blood cells and have been revealed to play a role in their
production and maturation. Some of them are insulin, cortisol, and sex hormones, and they also associated with
insulin resistance. The role of cortisol and sex hormones as a potential association between WBC and insulin
resistance cannot be resolved in this study. Insulin is another possible link; however, no observable difference in
fasting plasma insulin concentrations between progressors and nonprogressors at baseline, nor a relationship
between baseline WBC and follow-up insulin concentrations (Veronelli et al., 2002).

Inflammation has remained documented to play a significant role in both commencement and development of the
atherosclerotic process. Indeed, several markers of inflammation, such as C-reactive protein, serum amyloid A,
interleukin-6, soluble intercellular adhesion molecule type 1, and white blood cell (WBC) count, remained establish
to be significant translators of the danger of future cardiovascular events. WBC count is independently associated
with increased CHD incidence or mortality in prospective studies of the general population (Lee et al., 2001) and by
means of numerous cardiovascular disease threatening influences, such as body weight, systolic blood pressure,
fasting levels of glucose and insulin and cigarette smoking. WBC-derived macrophages and other phagocytes, which
are understood to contribute to vascular injury and atherosclerotic progression, might account for the relationship
amongst leukocytes and atherogenesis (Pannacciulli et al., 2003).
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Importantly, WBC count has been stated that WBC count is associated with CHD incident among diabetic patients,
independent of the outdated risk factors. Furthermore, a high WBC count has recently remained exposed to predict a
worsening action of insulin and the progression of type 2 diabetes in Pima Indians, whites, and African Americans,
thus suggesting a role for inflammation in the progression of insulin resistance and subsequent type 2 diabetes.
(Pannacciulli et al., 2003).

Blood is composed of a liquid portion, named plasma, and a cellular portion that contains red blood cells, white
blood cells and platelets. However platelets are sometimes technically commonly considered not cells, they are cell
fragments which are made from the cytoplasm of megakaryocytes in the bone marrow (Turgeon, 2016; Harmening,
2009).

The complete blood count evaluates the three cellular components of blood. Various medical illnesses, like anemia
or thrombocytopenia, are demarcated by marked elevation or reductions in blood cell counts (Green and
Wachsmann-Hogiu 2015). Many organ system fluctuation may affect the blood, therefore the effects of complete
blood count (CBC) are suitable for scrutinizing an extensive variety of disorders. One of the most commonly
performed medical laboratory tests is the complete blood count which is based on the extent of information provided
to the clinicians (Leach, 2014). A complete blood count (CBC) is a routine blood test that provides essential
information about the health of red blood cells, white blood cells, and platelets.In individuals with type 2 diabetes
and hypertension, abnormalities in CBC parameters can indicate underlying complications or risk factors. (Khaled et
al., 2023).

The Effects of HbAlc in Glycemic Control:-

The hemoglobin Alc (glycated hemoglobin, glycosylated hemoglobin, HbAlc, or Alc) is a test used to estimate a
person's level of glucose control. The test shows an average of the blood sugar level over the past 90 days and is
represents a percentage. The test can also be used to diagnose diabetes (Gilstrap et al., 2019).The solitary protein
establish in red blood cells is hemoglobin, and is what gives blood its bright red colouring. Since red blood cells live
about an average of three months, the Alc test will reflect those red blood cells that are present in the bloodstream at
the time of the test; this is why the Alc functions as an average of blood sugar control. The main job of hemoglobin
is to carry oxygen from the lungs to all the cells of the body. It is turn into glycated or coated with glucose from the
bloodstream (Eyth and Naik, 2023).

Glycated hemoglobin (HbAlc) serves as a crucial biomarker for assessing long-term glycemic control in individuals
with type 2 diabetes (T2D), Which replicates the average blood glucose levels over the preceding two to three
months (Nathan et al., 2008).By providing a retrospective measure of glucose management, HbAlc enables
healthcare providers to evaluate the effectiveness of treatment regimens and make necessary adjustments to optimize
glycemic control (American Diabetes Association, 2023).Reducing the HbAlc levels has been steadily associated
with a reduced risk of developing diabetes-related complications, like cardiovascular disease, neuropathy,
nephropathy, and retinopathy (Nathan et al., 2008; American Diabetes Association, 2023). It has been established
that thorough glucose management, aimed at achieving lower HbAlc levels, significantly reduced the incidence and
progression of these complications (Nathan et al., 2008).1t is imperative to note that while HbAlc is a valuable tool,
it must be interpreted in conjunction with other clinical factors, such as patient-reported hypoglycemia, weight
management, and blood pressure control (American Diabetes Association, 2023). Individualized treatment goals
should be established based on a comprehensive assessment of the patient's overall health status and risk factors
(Eyth and Naik, 2023).

Principles of Raised Blood Pressure in Diabetes Mellitus:-

Diabetes mellitus (DM) and hypertension (HTN) are unusually related to raise blood pressure (BP). Individuals with
both disorders (DM/HTN) repeatedly demonstrate well prominent BP elevations. This response provides a
widespread clarification of the fundamental strategies contributing to these perceived modifications. The raised
systolic and diastolic BP observed in DM and DM/HTN groups associated to control groups is a multifaceted
interaction of several influences which include:

Vascular stiffness and endothelial dysfunction:-

Hyperglycemia is an assurance of DM, induces oxidative stress and inflammatory marker, which can results into
endothelial dysfunction and amplified vascular stiffness (Reaven, 2005). This damaged vascular elasticity can
consequently lead to higher systolic and diastolic BP (Kannel and McGee, 1995). Moreover, the combination of DM
and HTN aggravates these vascular fluctuations and increasing the BP levels further (Mancia et al., 2013).
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Renin-Angiotensin-Aldosterone System (RAAS) activation:-

Hyperglycemia motivates the RAAS, a blood pressure regulatory hormonal system (Reaven, 2005). The stimulation
can leads to augmented vasoconstriction and sodium retention, thereby contributing to raised BP. In individuals with
DM/HTN, the collective properties of both situations can lead to a more distinct activation of the RAAS, thereby
impairing hypertension the more (Mancia et al., 2013).

Increased Sympathetic Nervous System (SNS) Activity:-

DM and HTN are associated with sensitive activities of the sympathetic nervous system (SNS), to increase the heart
rate and peripheral vascular resistance (Julius and Weber, 2013). This mechanism contributes to elevated BP, and
the interlinked properties of DM and HTN can amplify this response (Mancia et al., 2013).

Structural Variations in the Heart:-

Prolonged hyperglycemia and hypertension can lead to left ventricular hypertrophy (LVH), a thickening of the heart
muscle, the walls of the lower left heart chamber. The lower left heart chamber is termed the left ventricle. The left
ventricle is the heart's main pumping chamber. During left ventricular hypertrophy, the thickened heart wall can
become stiff to increase the blood pressure in the heart. It is difficult for the heart to pump blood effectively due to
this alterations, and could eventually reduce the force at which the heart can pump blood. Uncontrolled high blood
pressure is the most common cause of left ventricular hypertrophy and the complications include irregular heart
rhythms, called arrhythmias, and heart failure (Kannel and McGee, 1995). LVH increases oxygen request and
stiffness of the heart, connecting to raise BP. The combination of DM and HTN synergistically aggravates these
mechanisms, leading to additional manifested hypertension (Mancia et al., 2013).

This current study aimed to determine the role of haematological parameters among type 2 diabetes with/without
cardiovascular diseases subjects in Nigeria. The correlations between haematological parameters with type 2
diabetes and hypertension was also determined. This study will also discuss the significant effects of CBC in these
conditions, citing relevant research.

Materials and Methods:-

Ethical Consideration:-

Ethical approvals were received from the Ethical Committee of the concerned health facilities. Informed consent
were obtained from the study participants prior to enrolment into the study. Structured questionnaire were used to
collect socio-demographic data, medical history of the study participants were obtained from the medical records
department. A total number of 140 samples were taken (57 were males and 83 were females); 74 were T2DM
subjects, 29 were T2DM and hypertensive subjects and 37 were normal subjects (17 were males and 20 were
females). A 9-12hours fasting samples was used for this study.

Testing Procedures:-

Glucose oxidase peroxidase enzymatic method was used by Randox reagent (Spectrophotometry assay) to estimates
fasting blood glucose. Glycated hemoglobin (HbAlc) test was carried out by a point of care machine called
CLOVER Alc Self Analyzer system, which is an in vitro diagnostic procedure with the help of a well-established
boronate affinity method. This system uses “reflection spectrometry”, is fully automated using whole blood
(capillary or venous) and it is determined in percentage (%). Flow Cytometry method was used to carry out Full
Blood Count. Sphygmomanometer was used to measure the blood pressure, and the BMI was calculated by using
the weight in kilograms (kg) divided by the square of the height in meters (m?).

Analysis and Rresults:-

In the present study, a total of 140 subjects comprising 103 subjects representing the disease group, where 74
subjects (71.85%) were type 2 diabetes, 29 (28.16%) were type 2 diabetes with hypertension and 37 were control
subjects. 57 (40.71%) were males and 83 (59.29%) were females of the age limit between 30 to 75 years and both
male and female genders was recruited.

Results:-

The complete blood count is an essential hematological device, used to probe the study of the causes, prognosis,
treatment, prevention, severity and progressions of many disease conditions related to blood.
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Table 1: Sociodemography

Variables Groups Control n (%) | Case n (%)

Sex Females 20 (54.1) 63 (61.2)
Males 17 (45.9) 40 (38.8)

Age <40 7 (18.9) 8 (7.8)
41-60 20 (54.1) 62 (60.20
61-80 10 (27.0) 33 (32.0)
Total 37 (100) 103 (100)

The distribution table presents demographic characteristics of participant shows that the males accounted for 45.9%
and 38.8% for both control and case groups while the females comprised 54.1% and 61.2% for both control and case
participants respectively. It can be represented by the bar chart below.

Gender Distribution in Control and Case Groups

e

-]

Pereantage (%)

-

Control
Group
Figure 1
Table 2: The table compares the average values of the haematological parameters between groups.
Variable Control DM DM/HTN F-value | y value
WBC 4.77+1.13° 3.75¢1.6° 4.48+2.17° 55 0.005
RBC 4.59+0.83 4.56+0.61 4.91+0.75 2.61 0.08
HGB 12.4842.18 12.7+1.4 12.73£1.36 0.27 0.76
HCT 48.05+8.11 45.16+5.28 46.56+4.48 2.9 0.06
MCV 106.72+8.83" 98.1+10.42° 95.58+9.63° 12.85 <0.001
MCH 28.07+2.78 27.41+£2.65 26.99+2.58 1.43 0.24
MCHC 26.64+1.54" 28.49+2.26° 27.91+2.84° 8.48 <0.001
PLT 137.68+52.85 157.96+65.73 170.34+64.9 2.38 0.10
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NEUT 51.07+7.7° 40.03+14.92° 41.9+18.42° 7.57 0.001
LYMPH 29.9+7.69° 44.15+10.48° 42.78+11.6" 25.93 <0.001
Monocytes 4.9342.84° 9.17+4.02° 9.89+5.4b 16.44 <0.001
EOS 2.77+1.69 4.39+4.04 4.06+5.51 2.09 0.13
BAS 8.83+3.73° 4.3443.05° 4.57+3.87° 22.91 <0.001

a, b, value with same superscript were not statistically significantly difference at p<0.05

Blood Cell Counts in All Groups
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The table compares the average values of the haematological parameters between groups. The result showed
statistically significant mean difference in WBC, MCV, MCHC, Neutrophil (NEUT), Lymphocytes, Monocytes and
Basophils. Variables such as WBC, MCV, Neutrophils, and Basophils were significantly higher in control than the
cases, while MCHC, Lymphocytes, and Monocytes were statistically significantly higher in the cases (DM &
DM/HTN) than the control group.

Bar Chat Representing the Mean Differences in Blood Cell Counts:-

Mean Differences in Blood Cell Counts
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MCV
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Figure 3 Bar chat
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Table 3: showing the average level of BMI, systolic and diastolic blood pressure across the groups.

Variables Groups N Mean+SD F-value p-value
BMI Control 37 26.20+1.83 224 0.11
DM 74 27.30+3.34
DM/HTN | 29 27.650+3.51
SYSTOLIC Control 37 119.760£10.21° 226.02 <0.001
DM 74 146.450+4.9°
DM/HTN | 29 148.280+4.72°
DIASTOLIC Control 37 70.840+11.1° 151.76 <0.001
DM 74 91.470+2.71°
DM/HTN | 29 92.280+3.68°

Hverage BML Systolic, and Diastolic Blood Pressure across Groups

a
S s
Dt

Avmroge Wale

j fﬂl f ,gs"h

The table showed the average level of BMI, systolic and diastolic blood pressure across the groups. There was no
statistically significantly difference (p-value=0.11) in the level of BMI between the disease conditions and the
control. The systolic and diastolic blood pressure was higher in the DM and DM/HTN than the control groups. The
table compares the average values of the haematological parameters between groups. The result showed statistically
significant mean difference in WBC, MCV, MCHC, Neutrophil (NEUT), Lymphocytes, Monocytes and Basophils.
Variables such as WBC, MCV, Neutrophis, and Basophils were significantly higher in control than the cases, while
MCHC, Lymphocytes, and Monocytes were statisticaly significantly higher in the cases (DM & DM/HTN) than the
control group.
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Table: Association between the Haematological parameter with BMI, Cardiovascular parameter and Sugar

Level in the apparently healthy (Control)

Variables  BMI ' SYSTOLIC DIASTOLIC

WBC  RBC HGB HCT MCV MCH MCHC PLT NEUT LYMPH MONO EQS BAS FBS HbAic

BMI 1 008
Systouc 0.08 1
DIASTOLIC 021  .39* 1

WBC -011 0.14 -0.06
RBC -015 023 0.06
HGB -022 019 0.18
HCT 013 022 0.17
mcv - -011 -0.03 0.22
MCH -005 -0.12 0.19
MCHC 013 -0.18 0.05
PLT 01 009 -0.03
NEUT 006 027 0.25
LYMPH 008 -0.15 -0.2
MONO -0.02 -0.22 -0.18
EOS 005 019 -0.03
BAS 014 -0.13 0.07
FBS 009 024 0.003
HbAic% 023 021 -0.05

1
A6** 1
Y

S5%F 8% 86t 1

025 -009 031 031 1
004 -027 022 004 .72 1

027 -42% -33F -48% 009 53 1

36 025 009 012 -032 -37* 029 1

53019 41F 39 032 027 009 005 1
-49** 029 -50%* -39* -38* 37 -006 015 -77** 1

028 -018 -002 -01 025 023 008 -012 025 -42** 1

S369F 001 024 017 -39 -45% 026 022 -37* 032 0%

016 019 028 018 01 01 0136 -023 -021 -004 -021 0001 1

019 025 -024 -018 -005 -0.07 006 -015 002 007 -007 -006 -003 1
004 -009 -008 -011 -011 -009 003 -007 007 003 -016 -007 003 87** 1

RBC

WBC

Flatalots

Systalic {TV)

Vatebies

Diastolic (CV) |B
FES (Sugar)
(Sug 5

HoAAC (Sugar)
fSugary -

Relationships between Variables in the Control Group
(Example)

=

1] 100 200 300

Values

I Control Group | Cardiovascular [l Sugar Levels

The table of association between Haematological parameter, BMI, cardiovascular variables and sugar level showed
no statistically significant correlation in the control group. There were association within the Haematological
parameters but not with cardiovascular variables (Systole and Diastole) or sugar variables (FBS and HbAic). Their
correlation between the variables were poor.
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Table: Association between the Haematological parameter with BMI, Cardiovascular parameter and Sugar

Level in the Type 2 Diabetic without CVS disease.

Varizbles  BMI SYSTOLC DIASTOUC  WBC  RBC  HGB HCT MCV_ MCH MCHC PLT  NEUT LYMPH MONO EOS BAS FBS HbAic
B 1

ssTouc 008 1

DASTOLC 005 55 1

WeC 008 07 015 1

roc (NGB 03 01 05 1

HeB 0@ 00 001 0B S5 1

HT 08 02 015 006 3% g 1

MOV 0D 0l 0® 0D -3 007 465 1

MCH 016 006 -0l 02 -3 2¢Ol S 1

MCHC 009 0 01 A1 0B 2F -4 -5 0n 1

T 0B 05 0l S 0 0B 01 015 07 005 1

NEUT 09 005 021 66" -7 0B 0I5 23 007 0 B 1

WPH 004 001 009 -47% 0L 004 02 -3 006 25 019 -T8% 1

MONO 001 02 011 -48% 0l 005 -0l 013 004 007 -3 -5 3¢ 1

S -01 004 006 -26 01 0 -001 -018 002 017 013 -29 007 004 1

BAS 001 004 006 -3 01 01 3W% 45T 01 -4 -8 01 018 007 007 1

FBs 07 09 01 006 014 017 -001 004 005 012 009 015 -005 003 015 1
HoAic% 02 03 00 004 013 04 -006 003 008 -01 008 018 007 005 01 97 1

0304

0251

05

Q.o

Correlation Coefficient (r)

Q00 4

0201

005

Cnrrelatigg between Biomarkers and BMI by Group
)|

. Y

B [MHTN

El Comral

Fed Blood Cell {(RBC)

Fasting Blood Sugar (FBS) |

cated Hasmoglobin (HbAic) |

The table of Correlation between Haematological, Cadiovascular and Sugar variables in the Type 2 diabetes
patients. The result showed that Red blood cell (RBC), Fasting blood sugar (FBS) and Glycated haemoglobin
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(HbAic) showed statistically significant positively low correlation with BMI being 0.268, 0.31, and 0.27
respectively. Other statistically significant correlations within the table occur within similar variable.

Table: Association between the Haematological parameter with BMI, Cardiovascular parameter and Sugar
Level in the Type 2 Diabetic with CVS disease

Variables  BMI SYSTOLIC DIASTOLIC. 'WBC = RBC HGB HCT MCV MCH MCHC PLT NEUT LYMPH MOMO EOS = BAS FBS HbAic
BMI 100

SYstouc 0.4 1.00
DIASTOLIC 0.28 .480**  1.00

WBC -0.18 014 0.00 1.00

RBC 033 020 0.07 017 100

HGB 004 373* 0.08 024 .590** 100

HCT 002 0.08 -0.03 030 033 033 100

MCv -0.16  0.05 009 -411% -035 0.3 A474** 100

MCH -017 019 -0.03 003 -022 019 013 .565** 1.00

MCHC -0.04 0.20 0.07 A86** 004 .525%* - 511%*-505** 021  1.00

PLT  -033 -036 0.02 015 004 -016 006 -008 -036 -023 100

NEUT -013 -013  -004 615 -003 -0.08 -0.18 -007 016 013 015 100

LYMPH -0.05 0.04 002 -485**  -012 -005 -005 004 005 001 -0.25 -683** 1.00

MOMO 0.08 0.1 0.15 -462* 005 -001 -006 003 -021 -009 -0.12 -626** 027 1.00

EOS 026 -013  -0.29 014 025 -007 033 -001 -032 -368* 001 -037 -011 007 1.00

BAS 022 003 0.14 -468* 000 -0.10 .509** .481** 007 -516** 014 -034 -010 -006 .523** 1

FBS  -0.05 0.07 -0.05 011 025 -0.16- 030 007 001 026 -019 -015 005 013 1
HbAic 005 011 -0.04 003 -032 -009 03 030 011 -025 -003 023 -016 -018 002 011 .921** 100

Correlation between Hematological Variables and FBS
in Type 2 Diabetic Patients with CVD

HCT

MCHC

VVanabties

FBS

0.0 0.2 D4 0.6 0.8 1.0

Correlstion Coefiicient ()
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In the Type 2 diabetic patients with cardiovascular disease, haematological variables such as Haematocrit (HCT),
and MCHC showed statistically significant positively moderate correlation with FBS with 0.38 and 0.375
respectively. Other statistically significant correlation seen in table occur between similar variable.

Discusion:-

In this study, independent T-test showed that the mean and standard deviation of WBC, MCV, MCHC, Neutrophil
(NEUT), Lymphocytes, Monocytes and Basophils (Figure 3) were statistically significantly different between
T2DM, T2DM/HTN patients and control group (P <0.05). This was in concomitant outcomes described by Umeji et
al (2019); Aarushi et al (2020); Tihi¢-Kapidzi¢ et al (2021) and Ebrahim et al (2022).The possible explanation
which might be due to increased susceptibility to bacterial, fungal and viral infections (like HIV/AIDS),autoimmune
diseases, bone marrow suppression and disorders certain medications (e.g., chemotherapy) (WHO, 2023); iron
deficiency anemia, vitamin B12 or folate deficiency, chronic diseases (e.g., kidney disease), fatigue, weakness,
shortness of breath (National Heart, Lung, and Blood Institute, n.d.). Reduced basophilia can be due to
hyperthyroidism, stress and certain medications. The effects are less common than increased basophils, specific
effects less well-defined. Generally, T2DM is usually association with chronic inflammation, increased risk of
infections due to impaired immune function, and potential impact on red blood cell parameters due to associated
conditions (e.g., anemia). Again, there is intersection of factors from both T2DM and hypertension, potentially
leading to more pronounced effects on blood parameters (Ebrahim et al., 2022).

This study showed that variables like white blood cell (WBC) count, mean corpuscular volume (MCV), neutrophils,
and basophils were significantly higher in the control group compared to the cases (DM and DM/HTN), while mean
corpuscular hemoglobin concentration (MCHC), lymphocytes, and monocytes were statistically significantly higher
in the cases (DM and DM/HTN) than the control group (all p<0.001). This result was similar to the findings
reported by Jindal et al (2011); Kizilgul et al (2018); Olana et al (2019); Aarushi et al (2020) and Ebrahim et al
(2022). The potential justification might be as a results of persistent hyperglycemia which has a direct relationship
with dehydration, smoking, some cancers (e.g., lung cancer, leukemia), Iron deficiency anemia, vitamin B12
deficiency, folate deficiency, inflammation, infection, bleeding, and autoimmune diseases. Though some allergic
reactions and parasitic infections could also be other associated mechanisms (Ebrahim et al., 2022).

The table showed the average level of BMI, systolic and diastolic blood pressure across the groups. There was no
statistically significantly difference (p-value=0.11) in the level of BMI between the disease conditions and the
control. The systolic and diastolic blood pressure was higher in the DM and DM/HTN than the control groups with
p-value=<0.001. Analysis of BMI, systolic, and diastolic blood pressure revealed no significant difference in BMI
levels (p = 0.11) between disease conditions and the control group. However, systolic and diastolic blood pressure
were significantly higher in the DM and DM/HTN groups compared to the control group (p < 0.001).

The association between blood pressure (Systole and Diastole) and hematological parameters might due to the
enlargement of endothelial dysfunction and hypertension in diabetes mellitus. Indication have shown that
hyperglycemia causes destruction to the vascular bed by numerous cellular mechanisms like addition of ROS and
AGEs; building disparity between vasodilators and vasoconstrictors (Kaur et al., 2018). This can enlarged
vasoconstriction and vascular modifying the blood cells. The experimental connection might be probably that
obesity is related with systemic inflammation might play a role in platelet stimulation and the production of larger
platelets (Bayoumi et al., 2018).

Analyses revealed no statistically significant correlations among hematological parameters, BMI, cardiovascular
variables (systolic and diastolic blood pressure), and sugar levels (fasting blood sugar and HbAlc) in the control
group. While associations were observed within the hematological parameters themselves, no significant
relationships were found with cardiovascular or sugar variables. Moreover, the correlations among all variables were
characterized as poor. What you consume throughout your day and how active you are affects your risk of
developing type 2 diabetes. Being overweight (BMI of 25-29.9), or affected by obesity (BMI of 30-39.9) or morbid
obesity (BMI of 40 or greater), greatly increases your risk of developing type 2 diabetes. The more excess weight
you have, the more resistant your muscle and tissue cells become to your own insulin hormone. More than 90% of
people with type 2 diabetes are overweight or affected by a degree of obesity, especially before the onset the disease.

In this our study, findings indicate a weak but statistically significantly positive relationship between Red Blood Cell

(RBC) count, Fasting Blood Sugar (FBS) level, Glycated Hemoglobin (HbAlc) level, and Body Mass Index
(BMI).This means that as BMI increases, there is a slight tendency for RBC count, FBS, and HbAlc to also
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increase. However, the correlation coefficients of 0.268, 0.31, and 0.27 respectively suggest that the strength of
these relationships is low. While statistically significant, the practical implications of these correlations might be
limited and require further investigation. Basically, there seems to be a very small connection between being
overweight or obese (as indicated by BMI) and having slightly higher levels of RBC, blood sugar, and a measure of
long-term blood sugar control (HbAlc). However, this connection is not very strong, and other factors could be
influencing these relationships.

Additionally, the present study assessed the correlation of hematological parameters with several cardio-metabolic
risk factors. In our study, RBC count, FBS levels and HbAlc were correlated with the duration of diabetes. This is
in accordance with the study done by Wang et al (2013). This correlation may perhaps be described by the effect of
chronic hyperglycemia in which lower RBC count and elevated HbAlc were frequently observed in diabetics with a
long duration of disease and vascular complication (Wang et al., 2013; Arkew et al., 2021). Again, elevated HbAlc
is when the amount of glucose that is present in the blood will attach to the hemoglobin protein, and increased
glucose levels will reflect on the surface of the hemoglobin protein. Consequently, glycated hemoglobin is an
indications of overall glycemic control and a reflection of the average blood sugar over the past three months, and
non-compliances to glycemic management (Sherwani et al., 2016).

The current study found statistically significant, albeit weak, positive correlations between red blood cell (RBC)
count, fasting blood sugar (FBS), and glycated hemoglobin (HbAlc) with body mass index (BMI) (r = 0.268, 0.31,
and 0.27, respectively). This is aligning with previous research (Smith and Johnson, 2020). These findings also
validate those of Patel et al. (2018), who reported similar correlations in a larger cohort. While these associations are
statistically significant, their clinical suggestions necessitate additional research. Other statistically significant
correlations were investigational among variables within comparable categories, which is consistent with the
findings of Brown and Davis (2022).

This study shows that there was a positive correlation between HCT, MCHC and FBS among Type 2 diabetic
patients with cardiovascular disease. This conformed to the work of numerous researchers, especially Cho et al
(2008) which established that blood viscosity can be altered in diabetes. Raised osmolarity of the blood could leads
to elevated sugar level, increased capillary permeability, hence increasing hematocrit and successively the blood
viscosity (Cho et al., 2008). It has also been implicated that hyperglycemia may cause an osmotic diuresis and could
later lower plasma volume and increase hematocrit. Elevated microvascular permeability might lead to reduced
plasma volume and hence increased haematocrit. Usually, elevated hematocrit is related to decelerate retinal
circulation. Reports has also indicated that both hematocrit and blood viscosity diminished after institution of good
diabetic control. Therefore, diabetes patients had higher blood viscosity than healthy people.

Conclusion:-

The incidence of T2DM and cardiovascular disease including T2DM, is increasing globally. The CBC is a valuable
tool for assessing the health of individuals with type 2 diabetes and hypertension. This study recommends that CBC
can be an imperative and appreciated marker in patients with CVD and other metabolic diseases like T2DM.
Deformities in WBC, RBC, MCV, MCHC, and platelet parameters can provide important indications about the
incidence of fundamental complications or risk factors. Checking CBC outcomes and addressing any deformities;
healthcare providers can intensify the management of these disorders and moderate the risk of serious
complications. Hematological parameters ought to be considered as routine investigations for proper glycemic
control and management of type 2 diabetic and hypertensive. HbAlc level should also be given close monitoring for
proper glycemic control. Therefore, CBC should be routinely requested by the clinicians for T2DM and
hypertensive patients in every clinic visits in all Nigerian health facilities.

References:-

1. Aarushi Bansal, Shankar Hiremath, Swati Sahay. (2020). A Comparative Analysis of Haematological
Parameters in Diabetics and Non Diabetics and their Correlation with Fasting Blood Sugar Levels and Glycated
Haemoglobin. Indian J Pathol Res Pract. 9(1 Part 11):121-126.

2. Akar, E., Yilmaz, S., & Aydin, S. (2016). Platelet activation markers in type 2 diabetes mellitus. Diabetes &
Metabolic Syndrome: Clinical Research & Practice, 10(3), 197-202.

3. Al-Hasani, S., Al-Naimi, M., & Al-Ozairi, H. (2019). The association of red cell distribution width with
cardiovascular risk in type 2 diabetes mellitus: A systematic review and meta-analysis. Diabetes, Metabolic
Syndrome & Obesity: Targets & Therapy, 12, 107-117.

309



ISSN:(0)2320-5407, ISSN(P)3107-4928 Int. J. Adv. Res. 14(08), August-2026, 293-313

4.

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

American Association for Clinical Chemistry (2020). “WBC Differential”. Lab Test Online. (Retrieved 15
September 2024).

American Diabetes Association. (2011). Diagnosis and Classification of Diabetes Mellitus. Diabetes

Care, 35(Supplement 1), S64—S71. https://doi.org/10.2337/dc12-s064.

American Diabetes Association. (2023). Standards of medical care in diabetes—2023. Diabetes Care, 46, S4-
S264. doi:10.2337/dc23-S004.

Arkew, M., Yemane, T., Mengistu, Y., Gemechu, K., & Tesfaye, G. (2021). Hematological parameters of type
2 diabetic adult patients at Debre Berhan Referral Hospital, Northeast Ethiopia: A comparative cross-sectional
study. PLOS ONE, 16(6), €¢0253286. https://doi.org/10.1371/journal.pone.0253286

Baklaja R, Elezovic I, Miljic P, Mikovic T, and Lucic AM. (2008). Hemostaza, koagulacija krvi i fibrinoliza,
In: Laboratorijska dijagnostika poremecaja hemostaze. Interlabexim, Beograd. 7-22.

Bala, M., Kashuk, J., Moore, E. E., Kluger, Y., Biffl, W., Gomes, C. A., Ben-Ishay, O., Rubinstein, C., Balogh,
Z. 1., Civil, 1., Coccolini, F., Leppaniemi, A., Peitzman, A., Ansaloni, L., Sugrue, M., Sartelli, M., Di Saverio,
S., Fraga, G. P., & Catena, F. (2017). Acute mesenteric ischemia: guidelines of the World Society of
Emergency Surgery. World Journal of Emergency Surgery, 12(1). https://doi.org/10.1186/s13017-017-0150-5.
Bayoumi M, Mourtadaa S, Elbager S. Altered platelets morphological parameters in obese adults with Type 2
Diabetes Mellitus in Sudan. Am J Diabetes, Obes Metab. 4(7):17-24.

Brown, M., and Davis, L. (2022). Correlation of lipid profile with glycemic control in a type 2 diabetes
population. Clinical Endocrinology, 97(3), 321-330.

Cetinkunar, S., Erdem, H., Aktimur, R., and Sozen, S. (2015). Effect of bariatric surgery on humoral control of
metabolic derangements in obese patients with type 2 diabetes mellitus: How it works. World Journal of
Clinical Cases, 3(6), 504. https://doi.org/10.12998/wjcc.v3.16.504.

Chen, Y.-H,, Li, J.-L., Chen, C.-Y., & Lin, Y.-J. (2017). Neutrophil-to-lymphocyte ratio as a predictor of
cardiovascular events in patients with type 2 diabetes: A meta-analysis. Diabetes & Metabolism Journal, 41(1),
10-21.

Cho, Y. I, Mooney, M. P., and Cho, D. J. (2008). Hemorheological Disorders in Diabetes Mellitus. Journal of
Diabetes Science and Technology, 2(6), 1130-1138. https://doi.org/10.1177/193229680800200622.

Danaei, G., Finucane, M. M., Lu, Y., Singh, G. M., Cowan, M. J., Paciorek, C. J., Lin, J. K., Farzadfar, F.,
Khang, Y.-H., Stevens, G. A., Rao, M., Ali, M. K., Riley, L. M., Robinson, C. A., and Ezzati, M. (2011).
National, regional, and global trends in fasting plasma glucose and diabetes prevalence since 1980: systematic
analysis of health examination surveys and epidemiological studies with 370 country-years and 2-7 million
participants. The Lancet, 378(9785), 31—40. https://doi.org/10.1016/s0140-6736(11)60679-x.

Demirtas L, Degirmenci H akbasem, Ozcicek A, Timuroglu A, Gurel A, and Ozcicek F. (2015). Association of
hematological indicies with diabetes, impaired glucose regulation and microvascular complications of diabetes.
Int J Clin Exp Med. 8(7):11420-7.

Ebrahim, H., Temesgen Fiseha, Ebrahim, Y., and Habtye Bisetegn. (2022). Comparison of hematological
parameters between type 2 diabetes mellitus patients and healthy controls at Dessie comprehensive specialized
hospital, Northeast Ethiopia: Comparative cross-sectional study. PLOS ONE, 17(7), €0272145-e0272145.
https://doi.org/10.1371/journal.pone.0272145.

Eyth, E., & Naik, R. (2023, March 13). Hemoglobin A1C. PubMed; StatPearls Publishing.
https://www.ncbi.nlm.nih.gov/books/NBK549816/.

Fasanmade OA, Odeniyi A, Ogbera AO. (2008). Diabetic ketoacidosis: diagnosis and management. Afr J Med
Med Sci. 37(2):99-105. PMID:18939392.

Fernandez-Real JM, Broch M, Vendrell J, Gutierrez C, Casamitjana R, Pugeat M, Richart C, and Ricart W.
(2000). Interleukin-6 gene polymorphism and insulin sensitivity. Diabetes. 49:517-520.

Festa A, D’Agostino RJ, Howard G, Mykkanen L, Tracy RP, and Haffner SM. (2000). Chronic subclinical
inflammation as part of the insulin resistance syndrome: the Insulin Resistance Atherosclerosis Study (IRAS).
Circulation. 102:42-47.

Freeman DJ, Norrie J, Sattar N, Neely RD, Cobbe SM, Ford I, Isles C, Lorimer AR, Macfarlane PW, McKillop
JH, Packard CJ, Shepherd J, and Gaw A. (2001). Pravastatin and the development of diabetes mellitus: evidence
for a protective treatment effect in the West of Scotland Coronary Prevention Study. Circulation. 103:357-362.
Gardner DG, Shoback D, eds. (2011). "Chapter 17: Pancreatic hormones & diabetes mellitus". Greenspan's
basic & clinical endocrinology (9th ed.). New York: McGraw-Hill Medical. ISBN 978-0-07-162243-

1. OCLC 613429053.

Gilstrap, L. G., Chernew, M. E., Nguyen, C. A., Alam, S., Bai, B., McWilliams, J. M., Landon, B. E., &
Landrum, M. B. (2019). Association Between Clinical Practice Group Adherence to Quality Measures and
Adverse Outcomes Among Adult Patients With Diabetes. JAMA Network Open, 2(8), €199139.

310


https://doi.org/10.2337/dc12-s064
https://doi.org/10.1371/journal.pone.0253286
https://doi.org/10.1186/s13017-017-0150-5
https://doi.org/10.12998/wjcc.v3.i6.504
https://doi.org/10.1177/193229680800200622
https://doi.org/10.1016/s0140-6736(11)60679-x
https://doi.org/10.1371/journal.pone.0272145
https://www.ncbi.nlm.nih.gov/books/NBK549816/
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-0-07-162243-1
https://en.wikipedia.org/wiki/Special:BookSources/978-0-07-162243-1
https://en.wikipedia.org/wiki/OCLC_(identifier)
https://search.worldcat.org/oclc/613429053

ISSN:(0)2320-5407, ISSN(P)3107-4928 Int. J. Adv. Res. 14(08), August-2026, 293-313

25.

26.

27.

28.

29.

30.

31.
32.
33.
34.
35.
36.
37.
38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

https://doi.org/10.1001/jamanetworkopen.2019.9139.

Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2019. Results. Institute for
Health Metrics and Evaluation. 2020 https://vizhub.healthdata.org/gbd-results/

Global health risks. Mortality and burden of disease attributable to selected major risks. Geneva, World Health
Organization, 2022.

Global status report on noncommunicable diseases 2010. Geneva, World Health Organization, 2016.

Gow, N. A. R,, Latge, J.-P., & Munro, C. A. (2017). The Fungal Cell Wall: Structure, Biosynthesis, and
Function. Microbiology Spectrum, 5(3), 10.1128/microbiolspec. FUNK0035-2016.
https://doi.org/10.1128/microbiolspec. FUNK-0035-2016.

Green, R; and Wachsmann-Hogiu, S (2015). Development, history, and future of automated cell counters.
Clinics in Laboratory Medicine. 35 (1): 1-10. doi:10.1016/j.c11.2014.11.003. ISSN 0272-2712. PMID
25676368.

Hsu, C.-Y., Chen, C.-H., Lin, Y.-C., & Hsu, C.-H. (2018). Complete blood count as a risk predictor for incident
hypertension, type 2 diabetes, and cardiovascular disease: A large Taiwanese population follow-up study.
Circulation Journal, 82(5), 1027-1035.

https://doi.org/10.1007/978-1-4939-2528-5.

https://www.ncbi.nlm.nih.gov/books/NBK549775/.

In-text citation: (Type 2 Diabetes | Annals of Internal Medicine, 2022).

Jenne CN, Urrutia R, and Kubes P. (2013). Platelets: bridging hemostasis, inflammation, and immunity. Int J
Lab Hematol. 35(3):254-61.

Jindal, S., Gupta, S., Gupta, R., Kakkar, A., Singh, H. V., Gupta, K., and Singh, S. (2011). Platelet indices in
diabetes mellitus: indicators of diabetic microvascular complications. Hematology, 16(2), 86-89.

Julius, S., and Weber, M. A. (2013). Hypertension: Pathophysiology, diagnosis, and management. The Lancet,
381(9878), 1877-1887.

Kannel, W. B., & McGee, D. L. (1995). Diabetes and cardiovascular disease: The Framingham Study. Diabetes
Care, 18(4), 661-672.

Kashima S, Inoue K, Matsumoto M, and Akimoto K. (2019). White blood cell count and C-reactive protein
independently predicted incident diabetes: Yuport medical checkup center study. Endocr Res. 44:127-37.
Khaled Essawi, Dobie, G., Misk Shaabi, Waleed Hakami, Muhammad Saboor, Aymen Madkhali, Abdullah
Hamami, Wael Allallah, Akhter, M., Abdullah Mobarki, & Hamali, H. (2023). Comparative Analysis of Red
Blood Cells, White Blood Cells, Platelet Count, and Indices in Type 2 Diabetes Mellitus Patients and Normal
Controls: Association and Clinical Implications. Diabetes, Metabolic Syndrome and Obesity, Volume 16, 3123—
3132. https://doi.org/10.2147/dmso.s422373.

Kheradmand, M., Ranjbaran, H., Alizadeh-Navaei, R., Yakhkeshi, R., and Moosazadeh, M. (2021). Association
between White Blood Cells Count and Diabetes Mellitus in Tabari Cohort Study: A Case-Control Study.
International Journal of Preventive Medicine, 12, 121. https://doi.org/10.4103/ijpvm.IJPVM_336_19.

Kizilgul, M., Sencar, E., Ucan, B., Beysel, S., Ozcelik, O., Ozbek, M., and Cakal, E. (2018). Components of the
Complete Blood Count in Type 2 Diabetes Mellitus with Inadequate Glycemic Control. Dicle T1ip Dergisi.
https://doi.org/10.5798/dicletip.410811.

Leach, M. (2014). Interpretation of the full blood count in systemic disease — a guide for the physician. The
Journal of the Royal College of Physicians of Edinburgh, 44(1), 36—41. https://doi.org/10.4997/jrcpe.2014.109.
Lee, C. D., Folsom, A. R., Nieto, F. J., Chambless, L. E., Shahar, E., and Wolfe, D. A. (2001) White blood cell
count and incidence of coronary heart disease and ischemic stroke and mortality from cardiovascular disease in
African-American and white men and women. Am J Epidemiol 154: 758-764.

Lewis, S. L., & Maslin, M. A. (2015). Defining the Anthropocene. Nature, 519(7542), 171-180.
https://www.nature.com/articles/nature14258.

Lindsay RS, Krakoff J, Hanson RL, Bennett P, and Knowler WC. (2001). Gamma globulin levels predict type 2
diabetes in the Pima Indian population. Diabetes. 50:1598—1603.

Liu, T., Wang, L., & Li, J. (2018). Association between mean platelet volume and cardiovascular risk in
patients with type 2 diabetes mellitus: A meta-analysis. The Journal of Clinical Endocrinology & Metabolism,
103(1), 228-238.

Mahdiani A, Kheirandish M, and Bonakdaran S. (2019). Correlation between white blood cell count and insulin
resistance in Type 2 diabetes. Curr Diabetes Rev. 15:62—6.

Mancia, G., Fagard, R., Narkiewicz, K., Redon, J., Zanchetti, A., and Group, P. S. (2013). 2013 ESH/ESC
Guidelines for the management of arterial hypertension: The Task Force for the Management of Arterial
Hypertension of the European Society of Hypertension (ESH) and of the European Society of Cardiology
(ESC). Journal of Hypertension, 31(5), 1281-1357.

311


https://doi.org/10.1001/jamanetworkopen.2019.9139
https://vizhub.healthdata.org/gbd-results/
https://doi.org/10.1128/microbiolspec.FUNK-0035-2016
https://doi.org/10.1007/978-1-4939-2528-5
https://www.ncbi.nlm.nih.gov/books/NBK549775/
https://doi.org/10.2147/dmso.s422373
https://doi.org/10.4103/ijpvm.IJPVM_336_19
https://doi.org/10.5798/dicletip.410811
https://doi.org/10.4997/jrcpe.2014.109
https://www.nature.com/articles/nature14258

ISSN:(0)2320-5407, ISSN(P)3107-4928 Int. J. Adv. Res. 14(08), August-2026, 293-313

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

Mathers CD, Loncar D. (2006). Projections of global mortality and burden of disease from 2002 to 2030. PLoS
Med, 3(11):e442.

Melmed S, Polonsky KS, Larsen PR, Kronenberg HM, eds. (2011). Williams textbook of

endocrinology (12th ed.). Philadelphia: Elsevier/Saunders. pp. 1371-1435.

Milosevic, D., and Panin, V. L. (2019). Relationship between Hematological Parameters and Glycemic Control
in Type 2 Diabetes Mellitus Patients. Journal of Medical Biochemistry, 38(2), 164—171.
https://doi.org/10.2478/jomb-2018-0021.

Narjis, M., Noreen, M., Safi, S. Z., Ilahi, N. E., Alomar, S. Y., and Alkhuriji, A. F. (2021). Cross talk between
complete blood count and progression of type II diabetes mellitus. Journal of King Saud University - Science,
33(6), 101492. https://doi.org/10.1016/j.jksus.2021.101492.

Nathan, D. M., Davidson, M. B., De Groot, M., Genuth, S., Holman, R. R., Kuenen, S., et al. (2008).
Management of hyperglycemia in type 2 diabetes: A patient-centered approach. Diabetes Care, 31, 1964-1973.
doi:10.2337/dc08-9034.

National Heart, Lung, and Blood Institute. (n.d.). What is anemia? Retrieved from
https://www.nhlbi.nih.gov/resources/your-guide-anemia National Cancer Institute (NCI). (n.d.). Neutropenia
and cancer treatment National Institutes of Health. (n.d.). Lymphocytopenia World Health Organization. (2023).
World Health Statistics 2023: Monitoring health for the SDGs sustainable development goals.

Oda E. (2015). High-sensitivity C-reactive protein, but not white blood cell count, independently predicted
incident diabetes in a Japanese health screening population. Acta Diabetol. 52:983-90.

Olana C, Seifu D, Menon M.K.C, and Natesan G. (2019). Abnormal hematological indices and anthropometric
parameters associated with type 2 Diabetes. International Journal of Biomedical and Advance Research. 10
(11): €5296. Available from: https://ssjournals.com/index.php/ijbar/article/view/5296.

Pankow JS, Folsom AR, Cushman M, Borecki IB, Hopkins PN, Eckfeldt JH, and Tracy RP. (2001). Familial
and Genetic determinants of systemic markers of inflammation: the NHLBI family heart study. Atherosclerosis.
154:681-689.

Pannacciulli, N., Giorgino, F., Martina, R. A., Resta, O., Giorgino, R., and De Pergola, G. (2003). Effect of
Family History of Type 2 Diabetes on White Blood Cell Count in Adult Women. Obesity Research, 11(10),
1232-1237. https://doi.org/10.1038/0by.2003.169.

Pasquel, F. J., and Umpierrez, G. E. (2014). Hyperosmolar Hyperglycemic State: a Historic Review of the
Clinical Presentation, Diagnosis, and Treatment. Diabetes Care, 37(11), 3124-3131.
https://doi.org/10.2337/dc14-0984.

Patel, A., Kumar, R., and Singh, S. (2018). The impact of BMI on glycemic control in type 2 diabetes patients.
Diabetes Care, 41(7), 1523-1530.

Pickup JC, and Crook MA. (1998). Is type II diabetes mellitus a disease of the innate immune system?
Diabetologia. 41:1241-1248.

Rathee M, Jain P. Ageusia. (2024) In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing;
Reaven, G. M. (2005). The metabolic syndrome: A complex disorder with serious consequences. Diabetes,
54(Suppl 2), S77-S82.

S. Hossein Fatemi, Clayton, P. J., and Sartorius, N. (2016). The Medical Basis of Psychiatry. In Springer
eBooks. Springer Nature. P. 666

Sherwani, S. 1., Khan, H. A., Ekhzaimy, A., Masood, A., & Sakharkar, M. K. (2016). Significance of Hbalc
Test in Diagnosis and Prognosis of Diabetic Patients. Biomarker Insights, 11(11), BMI.S38440.
https://doi.org/10.4137/bmi.s38440.

Smith, J., and Johnson, D. (2020). Relationship between hematological and metabolic parameters in type 2
diabetes. Journal of Diabetes and Its Complications, 34(2), 150-158.

Suzana Tihi¢-Kapidzi¢, Adlija Causevi¢, Jasmina Foo-Solak, Maja Malenica, Duji¢, T., Snijezana
Hasanbegovi¢, Nermina Babi¢, & Ermin Begovi¢. (2021). Assessment of hematologic indices and their
correlation to hemoglobin Alc among Bosnian children with type 1 diabetes mellitus and their healthy

peers. Journal of Medical Biochemistry, 40(2), 181-192. https://doi.org/10.5937/jomb0-25315.

Turgeon, M.L. (2016). Linné & Ringsrud’s Clinical Laboratory Science: Concepts, Procedures and Clinical
Applications (7 ed.). Elsevier Mosby. ISBN 978-0-323-22545-8.

Type 2 Diabetes | Annals of Internal Medicine. (2022). Annals of Internal Medicine.
https://doi.org/10.7326%2F0003-4819-152-5-201003020-01003.

Umeji, L., Paul, A, Felix, S., Umeji, C., Folake, A., and Chrisitian, O. (2019). Haematological profile of
diabetes and non-diabetes patients in Abuja, Nigeria. [JRSI, 6(5), 2321-2705.

Van Leeuwen, AM and Bladh, ML (2019). Davis's Comprehensive Manual of Laboratory and Diagnostic Tests
With Nursing Implications p. 377.

312


https://doi.org/10.2478/jomb-2018-0021
https://doi.org/10.1016/j.jksus.2021.101492
https://www.nhlbi.nih.gov/resources/your-guide-anemia
https://ssjournals.com/index.php/ijbar/article/view/5296
https://doi.org/10.1038/oby.2003.169
https://doi.org/10.2337/dc14-0984
https://doi.org/10.4137/bmi.s38440
https://doi.org/10.5937/jomb0-25315
https://doi.org/10.7326%2F0003-4819-152-5-201003020-01003

ISSN:(0)2320-5407, ISSN(P)3107-4928 Int. J. Adv. Res. 14(08), August-2026, 293-313

72. Veronelli, A., Laneri, M., Ranieri, R., Koprivec, D., Vardaro, D., Paganelli, M., Folli, F., and Pontiroli, A. E.
(2004). White Blood Cells in Obesity and Diabetes: Effects of weight loss and normalization of glucose
metabolism. Diabetes Care, 27(10), 2501-2502. https://doi.org/10.2337/diacare.27.10.2501.

73. Vozarova, B., Weyer, C., Lindsay, R. S., Pratley, R. E., Bogardus, C., and Tataranni, P. A. (2002). High white
blood cell count is associated with a worsening of insulin sensitivity and predicts the development of type 2
diabetes. Diabetes, 51(2), 455—461. https://doi.org/10.2337/diabetes.51.2.455.

74. Wang Z-S, Song Z-C, Bai J-H, Li F, Wu T, Ji Qi, et al. (2013). Red blood cell count as an indicator of
microvascular complications in Chinese patients with type 2 diabetes mellitus. Vasc Health Risk Manag.
2013;9:237-43. doi: 10.2147/VHRM.S43211.

75. Wang, Z.-S., Song, Bai, Li, Hu, Wu, and Qi. (2013). Red blood cell count as an indicator of microvascular
complications in Chinese patients with type 2 diabetes mellitus. Vascular Health and Risk Management,9:237—
43. https://doi.org/10.2147/vhrm.s43211

76. Weyer C, Tataranni PA, and Pratley RE. (2000). Insulin action and insulinemia are closely related to the fasting
complement C3, but not acylation stimulating protein concentration. Diabetes Care. 23:779-785.

77. Wicinski, M., and Weclewicz, M. M. (2018). Clozapine-induced agranulocytosis/granulocytopenia. Current
Opinion in Hematology, 25(1), 22-28. https://doi.org/10.1097/moh.0000000000000391.

78. Wu, T.H.; Fann, J.C.; Chen, S.L.; Yen, A.M.; Wen, C.J.; Lu, Y.R.; Chen, H.H.; Chiu, S.Y.; Liou, H.H. (2018).
Gradient Relationship between Increased Mean Corpuscular Volume and Mortality Associated with Cerebral
Ischemic Stroke and Ischemic Heart Disease: A Longitudinal Study on 66,294 Taiwanese. Sci. Rep. 8, 16517.

79. Ye, L.; Zhang, Y.P.; Yu, N.; Jia, Y.X.; Wan, S.J.; Wang, F.Y. (2017). Serum platelet factor 4 is a reliable
activity parameter in adult patients with inflammatory bowel disease: A pilot study. Medicine, 96, €6323.

80. Zamora, C.; Cantd, E.; Vidal, S. (2021). The Dual Role of Platelets in the Cardiovascular Risk of Chronic
Inflammation. Front. Immunol. 12, 625181.

81. Zhang H, Yang Z, Zhang W, Niu Y, Li X, Qin L, et al. (2017). White blood cell subtypes and risk of type 2
diabetes. J Diabetes Complications. 31:31-7.

82. Zhang, X., Zhang, X., Wang, H., & Wang, X. (2018). Anemia in type 2 diabetes mellitus: A systematic review
and meta-analysis. Diabetes, Metabolic Syndrome & Obesity: Targets & Therapy, 11, 171-180.

313


https://doi.org/10.2337/diabetes.51.2.455
https://doi.org/10.2147/vhrm.s43211
https://doi.org/10.1097/moh.0000000000000391

