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ABSTRACT 

Diabetes mellitus and hypertension are common comorbidities, as hypertension is reported to be 

twice as frequent in diabetic patients as people who are non-diabetics. In diabetic condition, the risk 

and progression of cardiac disease, peripheral vascular disease, stroke, retinopathy, and 

nephropathy is greatly increased in the presence of hypertension. Persistent increase in blood 

pressure termed hypertension, can be either primary hypertension (essential hypertension) or 

secondary hypertension in nature. Primary or essential hypertension is characterized by elevated 

blood pressure caused by inherited factors which are characteristic of essential hypertension 

whereas identifiable causes such as chronic kidney diseases, endocrine disorders, constriction of the 

kidney arteries, or the use of drugs are among the etiology of secondary hypertension. Diabetes 

causes hyperinsulinemia which increases the risk of hypertension. This condition increases the 

amount of sodium that the body absorbs. It also promotes the stimulation of the sympathetic nervous 

system. Treatment of both conditions is crucial as they are considered risk factors for coronary artery 

disease, cerebrovascular disease, renal failure and congestive heart failure. In any age group, a 

considerable increase in systolic blood pressure causes a significant increase in cardiovascular 

disease. To achieve sufficient blood pressure control, most people with hypertension and diabetes 

require more than one medication. This review is aimed to discuss hypertension and diabetes mellitus 

comorbidities and their treatment. 
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INTRODUCTION 

Hypertension and diabetes mellitus are known 

to be the two most common diseases in the 

westernized world and the risk of both diseases 

increases with age. Statistically, about 2.5 to 3 

million Americans have been diagnosed with 

both hypertension and diabetes (Bild and 

Teutsch, 2017). Hypertension is reported in 

over two-thirds of patients with diabetes 
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specifically type 2 diabetes (Pavlou et al., 

2018).  

Hypertension is prevalent among patients with 

diabetes. However, this depends on the 

duration and type of diabetes, sex, age, 

ethnicity and race of the patient, body mass 

index (BMI) of the patient, presence of other 

diseases such as kidney disease, history of 

glycemic control and many other factors. 

Greater body mass, longer duration of 

diabetes, and the presence of chronic 

proteinuria are all key factors of higher blood 

pressure, particularly systolic pressure, in the 

diabetic patients. Hypertension in diabetic 

patients is more frequent in men than in 

women before the fifth decade and more 

frequent in women thereafter. The coexistence 

of both diseases is more prevalent among 

blacks than whites; the socioeconomically 

disadvantaged have a higher occurrence of 

both conditions (Pan et al., 2016). However, 

other unknown factors are likely to play a role 

in the higher prevalence of hypertension in 

patients with diabetes mellitus. 

The common coexistence of hypertension and 

diabetes is not a mere coincidence but rather 

due to some intertwined pathogenic 

mechanisms. Patients with diabetes are twice 

likely to develop hypertension as compared to 

non-diabetic patients and patients with 

hypertension are more likely to develop 

diabetes as compared to normotensive people 

(Wang et al., 2021). 

The presence of hypertension in a diabetic 

patient is so fatal since it significantly 

increases mortality and morbidity. However, 

diabetes mellitus increases the risk of 

cardiovascular events. Hypertension is thought 

to be responsible for about 35-75 percent of 

diabetic complications (Bild and Teutsch, 

2017). Long-term diabetes survivors, on the 

other hand, are more likely to be free of 

hypertension. As a result, in industrialized 

nations, the coexistence of these two diseases 

is likely to have a significant role in overall 

mortality. 

Despite the critical importance of the 

coexistence of these two diseases, much 

information regarding their interaction 

remains unclear and controversial. 

Nevertheless, much information of theoretical 

and practical relevance is available, and there 

are ongoing researches exploring this area.  

MATERIALS AND METHODS 

Over 250 articles were gotten following 

extensive literature searches while 112 of them 

were adapted for this review. Excluded articles 

included those outside the scope of this study, 

or whose full texts were unavailable and not 

retrievable. Literature searches undertaken 

were carried out using search engines or 

databases including: Google, ResearchGate, 

PubMed and Elsevier. The keywords that 

directed our literature searches were: 

hypertension, diabetes, comorbidities of 

hypertension and diabetes, and drug 

treatments. 

Main text 

Hypertension 

Persistent high blood pressure (BP) also 

known as hypertension can be categorized 

according to the 2017 American College of 

Cardiology/American Heart Association 

(ACC/AHA) guidelines into (Whelton et al., 

2018): 

 No hypertension (BP <130/80 mmHg) 

 Stage 1 hypertension (BP = 130-139/80-89 

mmHg) 

 Stage 2 hypertension (BP ≥140/90 mmHg)  

Basically, there are two types of hypertension 

which are primary hypertension (essential 

hypertension) and secondary hypertension. 
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Primary or essential hypertension is 

characterized by elevated blood pressure 

caused by some lifestyle and inherited factors 

(Chen, 2012). Risk factors of primary 

hypertension include: excess dietary intake of 

salt, being overweight or obese, smoking, and 

excessive drinking (Whelton et al., 2018). 

Secondary hypertension (5-10% cases) are of 

known causes including chronic kidney 

disease, endocrine disorders, constriction of 

the kidney arteries, or birth control pills usage 

(Campbell et al., 2015). 

Resting blood pressure persistent at or above 

130/80 or 140/90 mmHg in most adults is 

established as high blood pressure (James et 

al., 2014). Between 16 and 37% of the global 

population is affected by high blood pressure 

(Oladele, 2020). Global prevalence of 

hypertension of people of 30-79 years of age 

was reported to have doubled by 50% in both 

women (331 million to 626 million) and men 

(317 million to 652 million) between the year 

1990 to 2019 (NCD Risk Factor Collaboration, 

2021). 

Pathophysiology of hypertension 

Hypertension is essentially associated with 

increases in cardiac output and/or peripheral 

resistance. Mechanisms that affect cardiac 

output/peripheral resistance, hence, 

precipitating high blood pressure include 

genetics, sympathetic nervous system over-

activity (renal mechanisms: excess sodium 

intake and pressure natriuresis), vascular 

mechanisms (endothelial cell dysfunction and 

the nitric oxide pathway), hormonal 

mechanisms (the renin-angiotensin-

aldosterone system - RAAS), obesity, 

obstructive sleep apnea (OSA), insulin 

resistance and metabolic syndrome, uric acid, 

vitamin D, gender differences; racial, ethnic, 

and environmental factors, amongst others 

(Saxena et al., 2018). 

Patients with arterial hypertension may 

experience an increase in cardiac output, 

systemic vascular resistance, or both. The 

cardiac output is frequently enhanced in 

younger patients, whereas in older patients, 

increased systemic vascular resistance and 

increased vasculature stiffness play a major 

impact. Increased peripheral resistance is 

primarily due to narrowing of both small 

arteries and arterioles structure in established 

hypertension, while a decrease in the number 

or density of capillaries would also play a role 

(Martinez-Quinones et al., 2018). 

Increases in peripheral resistance in 

hypertension have pointed to abnormalities in 

the renin–angiotensin system (especially in 

salt and water control) and/or aberrations of 

the sympathetic nervous system by various 

studies (Franklin, 2012; DeLalio et al., 2020; 

Martyniak and Tomasik, 2022). Endothelial 

dysfunction and vascular inflammation have 

also been implicated (Gallo et al., 2022). 

Etiology of hypertension 

Primary hypertension arises a result of 

environmental or hereditary factors, but 

secondary hypertension may include various 

etiologies, including renal, vascular, and 

endocrine factors (Ellis and Miyashita, 2011). 

Only a few minority of patients (about 2-10%) 

have a secondary etiology of hypertension, 

which accounts for 90-95 percent of adult 

cases (Puar et al., 2016). Insufficient drug 

therapy or low compliance are the most 

common causes of hypertensive crises (Rule et 

al., 2009; Krämer et al., 2019). 

Secondary hypertension may be caused by any 

of the following: 

1. Renal causes: About 2.5-6% of 

hypertension include renal parenchymal 

diseases and renal vascular diseases which 

are chronic kidney disease, polycystic 
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kidney disease, renin-producing tumor and 

urinary tract obstruction (Preston and 

Epstein, 1995; Chapman et al., 2010). 

2. Vascular causes: Vascular hypertension 

which usually involve the narrowing of the 

blood vessels of the kidneys and aorta is 

caused by vascular diseases such as 

vasculitis, aortic coarctation and collagen 

vascular disease (Lazea et al., 2022). 

3. Endocrine causes: Exogenous or 

endogenous hormonal abnormalities 

account for endocrine causes of 

hypertension (Sica, 2008). Endogenous 

hormonal causes include diseases such as 

Cushing’s syndrome, pheochromocytoma, 

primary hyperaldosteronism and 

congenital adrenal hyperplasia (Sica, 

2008). Steroid administration is an 

example of an exogenous cause. The use of 

oral contraceptives is another significant 

endocrine cause. Induction of hepatic 

angiotensinogen production with 

triggering of the renin-angiotensin-

aldosterone system (RAAS) is the most 

probable mechanism of the estrogen 

component of oral contraceptives 

(Jermendy et al., 2011). Exogenous 

injection of various therapeutic steroids 

raises blood pressure (BP), primarily due 

to volume expansion, especially in 

vulnerable individuals (Barbot et al., 

2019).  

4. Neurogenic causes: This include medical 

conditions such as brain tumor, autonomic 

dysfunction, intracranial hypertension and 

sleep apnea (Mann, 2018).  

5. Drugs and toxin causes: Some drugs and 

toxins that can induce hypertension 

include cocaine, alcohol, cyclosporine, 

certain decongestants containing 

ephedrine, erythropoietin,non-steroidal 

anti-inflammatory drugs (NSAIDS), 

tacrolimus, exposure to gas flare, herbal 

medications containing licorice or 

ephedrine, nicotine and adrenergic 

medications (Grossman and Messerli, 

2008; Rossi et al., 2011; Grossman et al., 

2015; Ovuakporaye et al., 2019).  

6. Pregnancy and hypercalcaemia also cause 

hypertension (Eiam-Ong et al., 2004; 

Kintiraki et al., 2015). 

Signs and symptoms of hypertension 

Hypertension is barely accompanied by 

symptoms, and it is usually detected through 

screening or when seeking medical attention 

for something unrelated. Hence, it is 

commonly referred to as a silent killer.  

Headaches (especially at the posterior and 

usually in the morning) are common 

symptoms of hypertension. Other symptoms 

include lightheadedness, vertigo, tinnitus, 

distorted vision, and fainting spells (Fisher and 

Williams, 2019; Schmidt et al., 2020). These 

symptoms, on the other hand, could be due to 

anxiety rather than high blood pressure (Fisher 

and Williams, 2019). 

Diagnosis of hypertension 

A systolic blood pressure (SBP) of 140 mm Hg 

or more, or a diastolic blood pressure (DBP) of 

90 mm Hg or more is considered hypertension 

(Al-Makki et al., 2022).  

Hypertension can be diagnosed by monitoring 

the patient’s blood pressure, conducting 

physical examination, conducting laboratory 

tests and a thorough review of the patient’s 

medical history (Muntner et al., 2019).  An 

ECG with 12 leads should also be acquired 

(Bird et al., 2020). These steps can assist the 

medical personnel in determining the baseline 

values for judging biochemical effects of 

therapy, presence of end-organ disease or 

complications, cardiovascular risk factors, as 

well as possible causes of hypertension 

(Katakam et al., 2008). 
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Complications of hypertension 

Hypertension is one of the main cause of 

premature death globally, posing a preventable 

risk factor for cardiovascular diseases (Mills et 

al., 2020). It increases the risk 

of cardiovascular disorders such as ischemic 

heart disease, heart failure, aortic aneurysms, 

diffuse atherosclerosis, chronic kidney 

disease, atrial fibrillation, cancers and 

pulmonary embolism, stroke, peripheral 

vascular disease (Mills et al., 2020). It is also 

a known risk factor for cognitive impairment, 

dementia, hypertensive 

retinopathy and nephropathy (Wysocki et al., 

2012; Sierra, 2020). 

Pharmacological management of 

hypertension 

Antihypertensive agents are grouped into 

various categories based on their mechanism 

of action. The aim of these agents is to control 

the blood pressure and lower the risk of 

cardiovascular and renal complications. Their 

goal is also to decrease the mortality rate 

elicited by an increased blood -pressure. Mild 

or moderate hypertension can sometimes be 

controlled with monotherapy. 

Antihypertensive agents are classified based 

on mechanism of blood pressure control and 

their respective site of action (Zisaki et al., 

2015). They are majorly grouped as 

angiotensin converting enzyme inhibitors (e.g. 

lisinopril), beta-adrenergic blockers (e.g. 

propranolol), diuretics (e.g. 

hydrochlorothiazide) and calcium channel 

blockers (e.g. amlodipine); others include 

angiotensin II receptor blockers (e.g. losartan), 

renin inhibitor (e.g. aliskiren), vasodilators 

(e.g. hydralazine), and centrally acting 

adrenergic drugs (e.g. α-methyldopa) (Fig 1).  

However, hypertension could be resistant 

(remain elevated) despite concurrent use of 

antihypertensive medications, resulting in 

suboptimal response (Acelajado et al., 2019; 

Moke et al., 2022). Most patients require more 

than one drug to achieve blood pressure 

control (Frohlich, 2011). The use of more than 

one drug is usually effective, with the selection 

based on minimizing or lowering the adverse 

effects of the combined regimen and achieving 

goal blood pressure (Guerrero-García and 

Rubio-Guerra, 2018). Combinations of 

medications for hypertensive patients with 

high cardiovascular risk have been reported by 

several clinical studies to be more beneficial, 

likewise in patients with moderate 

hypertension and low cardiovascular risk 

(Wald et al., 2009). Recommended 

antihypertensive combinations include 

(Guerrero-García and Rubio-Guerra, 2018): 

1) Diuretics with angiotensin–renin axis 

inhibitors or calcium antagonists 

2) Inhibitors of the renin–angiotensin axis 

with diuretics or with calcium antagonists 

3) Beta-adrenergic blockers with 

dihydropyridine calcium antagonists  
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Fig. 1: Classes of antihypertensive drugs and their mechanisms of action (Zisaki et al., 2015). 

Diabetes mellitus 

Diabetes mellitus (diabetes) is an endocrine 

disorder resulting from an irregularity in the 

secretion or action of insulin (Deepthi et al., 

2017). It is a metabolic condition characterized 

by chronic hyperglycemia (ADA, 2013). Its 

prevalence is rapidly skyrocketing in both 

developing and developed countries around 

the world. The total number of people being 

diagnosed with diabetes mellitus is increasing 

globally with about 80% of the people with 

diabetes mellitus in low and middle-income 

countries (Lam et al., 2021). It was reported by 

the International Diabetes Federation (IDF) in 

2021 that globally 537 million adult people 

have diabetes, which is expected to rise to 643 

million in 2030 and 783 by 2045 (IDF, 2021).  

Pathophysiology of diabetes mellitus 

The islet of Langerhans situated in the 

pancreas is made up of two endocrine cells 

which are the insulin-secreting beta cells and 

the glucagon-secreting alpha cells (Wendt and 

Eliasson, 2022). These cells continually 

change their level of hormone secretion in 

relation to the glucose environment. An 
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imbalance between insulin and glucagon 

makes the glucose level become 

inappropriately distorted. In diabetes mellitus, 

there is either absence of insulin or there is an 

impaired action of insulin which results in 

hyperglycemia. 

After a meal, there is an increase in the blood 

glucose level which stimulates insulin 

secretion. On the other hand, when in fasting 

conditions, the brain uses up the stored up 

glucose and this is independent on insulin 

(Röder et al., 2016. Agbonifo-Chijiokwu et al., 

2023). Insulin inhibits the secretion of 

glucagon and lowers the concentration of 

serum fatty acids which causes a decline in 

glucose production in the liver. When there is 

insufficient insulin or insulin resistance, there 

is reduced uptake of glucose by the tissues 

which leads to extracellular hyperglycemia 

and intracellular hypoglycemia. The 

intracellular hypoglycemia brings about 

glycogenolysis and gluconeogenesis which 

leads to the breakdown of fats. This is 

responsible for diabetic ketoacidosis. It also 

leads to a decrease in protein synthesis and 

gamma globulins. Thus, causing polyphagia, 

cachexia and impaired wound healing. The 

extracellular hyperglycemia can lead to a state 

of hyperglycemic coma and osmotic diuresis. 

Types of diabetes mellitus 

The main types of diabetes mellitus include 

type 1 diabetes mellitus (T1DM), type 2 

diabetes mellitus (T2DM), and gestational 

diabetes mellitus (GDM) (ADA, 2022). 

Type 1 diabetes mellitus (T1DM) is one of the 

most common metabolic diseases found in 

children and it can be regarded as an 

autoimmune disease (Banday et al., 2020). 

T1DM is known as insulin-dependent diabetes 

mellitus (IDDM) and it is characterized by the 

destruction of the pancreatic beta cells 

secondary to an autoimmune process which 

consequently results in a total destruction of 

pancreatic beta-cells and causes a lack of 

insulin secretion, leading to the metabolic 

abnormalities associated with T1DM (Toren et 

al., 2021). Although insulin deficiency is the 

primary defect in T1DM, there is also a defect 

in the administration of insulin. Deficiency in 

insulin leads to uncontrolled lipolysis and 

elevated levels of free fatty acids in the 

plasma, which suppresses glucose metabolism 

in peripheral tissues such as skeletal muscle 

(Galicia-Garcia et al., 2020). 

Type 2 diabetes mellitus (T2DM) is the more 

common type of diabetes and obesity is a great 

risk factor for developing this metabolic 

disease. In T2DM, there is a reduced insulin 

production due to pancreatic beta-cells 

dysfunction and impaired insulin action due to 

insulin resistance (Galicia-Garcia et al., 2020). 

One of the characteristics of this type of 

diabetes is insulin resistance in peripheral 

tissues such as the liver and muscles with 

progressive failure of the beta cells of the 

pancreas (Galicia-Garcia et al., 2020). 

In gestational diabetes, pregnant women 

without previously diagnosed cases of diabetes 

develop consistent hyperglycemia (Plows et 

al., 2018). This type of diabetes may resolve 

immediately after delivery or may eventually 

precede T2DM (Kim, 2014). 

Diagnosis of diabetes mellitus 

Early detection of people with diabetes or pre-

diabetes through screening allows for early 

intervention, perhaps lowering future 

complication rates, albeit randomized trials are 

needed to prove benefit definitively. Diagnosis 

of diabetes include (ADA, 2010): 

 The Haemoglobin A1C test – ≥ 6.5% is 

diabetes; 5.70-5.99% means prediabetes; < 

5.7% is normal 
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 The fasting plasma glucose (FPG) test – ≥ 

126 mg/dl is diabetes; 100-125.99 mg/dl is 

prediabetes; < 100 mg/dl is normal 

 The oral glucose tolerance test (OGTT) (2-

h plasma glucose) – ≥ 200 mg/dl is 

diabetes; 140-199.9 mg/dl is prediabetes; < 

140 mg/dl is normal. An abnormal OGTT 

result indicates that the patient's glucose 

tolerance is impaired (IGT). 

 Random plasma glucose test with ≥ 200 

mg/dl is diabetes 

Signs and symptoms of diabetes mellitus 

Weight loss, polyuria (excessive urination), 

polydipsia (excessive thirst), and polyphagia 

(excessive hunger) are all hallmark symptoms 

of untreated diabetes. There are a number of 

other indications and symptoms that can 

indicate the start of diabetes that are not 

specific to the condition. These include hazy 

vision, headache, weariness, poor wound 

healing, and itchy skin. Persistent high blood 

glucose can cause glucose absorption in the 

lens of the eye, leading to changes in its shape 

with consequential change in vision (Wiemer 

et al., 2008).  

Complications of diabetes mellitus 

Complications of diabetes mellitus may be 

acute or chronic. Acute complications include 

symptoms such as hypoglycemia, 

hyperglycemic crises, hyperglycemic 

hyperosmolar state and diabetes ketoacidosis. 

Chronic complications include diabetic 

retinopathy, diabetic nephropathy, diabetic 

neuropathy, microvascular complications, and 

haematological abnormalities (Lim, 2014; 

Nentwich and Ulbig, 2015; Chawla et al., 

2016; Okonofua et al., 2021; Getawa and 

Adane, 2022; Okonofua et al., 2023). 

Majority of the forms of diabetes increase the 

risk of long-term complications. These 

complications usually develop after many 

years but may be the first symptom in those 

who have been undiagnosed as at that time. 

The major long-term complications of diabetes 

mellitus is related to damage of the blood 

vessels. Diabetes mellitus doubles the risk of 

cardiovascular diseases and about 75% of 

deaths in people with diabetes mellitus are as 

a result of coronary artery disease. Other 

macrovascular diseases linked with diabetes 

mellitus include stroke, and peripheral artery 

disease (Papatheodorou et al, 2018). 

Pharmacological management of diabetes 

mellitus 

T1DM has no known cure and is life-long. 

Insulin is the best choice for the management 

of T1DM and can be administered as insulin 

pumps or injections (McCall and Farhy, 2013). 

Insulins may be short or rapid acting, 

intermediate acting or long acting. A process 

known as islet grafting has been explored as a 

therapy for T1DM in selected patients with 

inappropriate glucose control despite insulin 

therapy. Artificial pancreas is a closed loop 

insulin delivery (Templer, 2022). It is 

associated with a continuous monitor of 

glucose to insulin pump delivering correct 

amount of insulin automatically when the 

monitor specify the need for the pump 

(Templer, 2022). 

Drugs useful in the treatment of T2DM include 

oral hypoglycemic agents such as 

sulphonylureas, thiazolidenediones, 

glucosidase inhibitors and biguanides (Padhi 

et al., 2020). These drugs work to correct 

metabolic disorder such as insulin resistivity 

or insufficient production of insulin. They are 

administered with a healthy diet plan and 

appropriate changes in lifestyle. The 

sulphonylureas include glimepride, gliplizide 

and glyburide, biguanide include metformin, 

thiazolidinedione include the proglitazone and 
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the alpha glucosidase inhibitors include 

acarbose. 

In the treatment of T2DM, metformin has been 

applied for more than half a century (Zhou et 

al., 2018). It has a lot of advantages as 

compared to other classes of drugs as it does 

not promote weight gain and it has cardio-

protective effect (Driver et al., 2018; Loi et al., 

2019).  Guidelines from the American 

Diabetes Association (ADA), the European 

Association for Study of Diabetes (EASD) and 

the American College of Endocrinology 

(ACE) recommend early initiation of 

metformin as the first line agent in the 

treatment of type 2 diabetes (Deepthi et al., 

2017).  

Current class of drugs newly developed in 

treating diabetes includes glucagon-like 

peptides-1 (GLP-1) mimetics, sodium-glucose 

transporter protein-2 (SGLT-2) inhibitors, 

amylin mimetics, dipeptidyl peptidase-4 

(DPP-4) inhibitors and dual peroxisome 

proliferator-activated receptor (dual PPAR) 

agonist (Deepthi et al., 2017). GLP-1 mimetics 

or agonists are glucagon-like peptides are 

given by injection to regulate glucose level. 

Their action causes glucose dependent 

secretion of insulin. GLP-1 promotes weight 

reduction and are powerful in increasing 

glycemic control (Bossart et al., 2022). 

Sodium-glucose transporter protein-2 (SGLT-

2) inhibitors helps to lower the kidney glucose 

level and causes large excretion of glucose via 

the urine (Tang et al., 2022).  Amylin agonists 

are administered before food and they inhibit 

the release of glucagon while eating and slows 

down the action of food emptying from the 

stomach (Boyle et al., 2022). DPP-4 inhibitors 

(gliptins) acts by an enzyme which destroys 

incretin which is a gastrointestinal hormone 

(Yazbeck et al., 2021). This class of drug is 

usually prescribed to type 2 diabetic patients 

who are non-responsive to metformin and 

sulphonylureas. Dual PPAR agonist is potent 

in achieving glucose homeostasis (Quaoud et 

al., 2022). 

Medicinal plants have also been reported to be 

effective in the management of diabetic state 

(Asiwe et al., 2023; Moke et al., 2023a). 

Hypertension in diabetic patients 

Diabetes mellitus and hypertension are two 

common comorbid chronic conditions that 

predispose patients to cardiovascular diseases 

(Petrie et al., 2018). Hypertension is twice as 

frequent in diabetics as compared with non-

diabetic patients (Petrie et al., 2018). 

Hypertension is a serious condition that it 

becomes more severe if accompanied with 

diabetes as a comorbidity. These impacts 

include the following in the case of diabetes 

and hypertension:  

a) Increased fluid volume – diabetes 

increases the total amount of fluid in the 

body, which tends to raise blood pressure 

(Han et al., 2020). 

b) Increased arterial stiffness – diabetes can 

decrease the ability of the blood vessels to 

stretch, increasing average blood pressure 

(Gordin and Groop, 2016). 

c) Impaired insulin handling – changes in the 

way the body manufactures and processes 

insulin can cause blood pressure to rise 

immediately (Zhou et al., 2012; Petersen 

and Shulman, 2018). 

Apart from these factors, both diseases are 

likely to occur together simply because they 

have a common set of risk factors (Petrie et al., 

2018). 

The link between diabetes and hypertension  

Diabetes causes hyperinsulinemia which 

upturns the risk of hypertension. This 

condition increases the amount of sodium that 



144 
 

 

Moke, E.G., Demaki, W.E., et al.: Coexistence of Hypertension with Diabetes Mellitus and Its Pharmacotherapy 

the body absorbs. It also promotes the 

stimulation of the sympathetic nervous 

system. This is thought to cause changes in 

blood vessel structure, which affects the 

function of the heart and blood pressure 

(Geleijnse et al., 2014; Mancusi et al., 2020).  

Diabetes mellitus may be characterized by 

insulin resistance and there exist a link 

between insulin resistance and hypertension. 

According to clinical research, roughly half of 

hypertensive people have hyperinsulinemia or 

glucose intolerance, whereas up to 80% of 

people with type 2 diabetes have hypertension 

(Zhou et al., 2012). Insulin, in addition to its 

metabolic actions, causes vasorelaxation by 

boosting the synthesis of nitric oxide (NO) in 

endothelium and regulates salt homeostasis by 

increasing sodium reabsorption in the kidney, 

all of which contribute to blood pressure 

management. Insulin resistance can develop 

not only in the conventional insulin-responsive 

tissues, but also in cardiovascular tissues, 

where insulin plays a role in the development 

of cardiovascular illnesses and hypertension, 

according to recent research (Schulman and 

Zhou, 2009). Insulin resistance is frequently 

linked to the metabolic syndrome and 

hypertension, all of which are linked to an 

increased risk of type 2 diabetes and 

cardiovascular disease (Mancusi et al., 2020). 

Insulin causes a net response in sympathetic 

outflow in healthy people while also blunting 

the vasoconstrictive effect of this sympathetic 

activation (Lembo et al., 2010; Thorp and 

Schlaich, 2015). Insulin, on the other hand, 

causes three times higher sympathetic 

activation in hypertension patients than in 

healthy people, and its vaso-relaxant effect is 

also diminished (Lembo et al., 2010). This 

process is implicated in peripheral vascular 

resistance dysregulation, which contributes to 

elevated blood pressure levels. Furthermore, 

anomalies in insulin’s counter-regulatory 

activities play a role in the development of 

hypertension-related disease, as does insulin 

resistance and the resulting hyperinsulinemia. 

Impairment of cell membrane ion exchange, 

increased sympathetic nervous and renin-

angiotensin systems, decreased atrial 

natriuretic peptide activity, sodium retention, 

and plasma volume expansion all contribute to 

chronic kidney disease development (Lembo 

et al., 2010). 

Insulin resistance is frequently caused by 

obesity. Both hypertension and diabetes are 

linked to obesity, posing a considerable burden 

in terms of patient morbidity and death, as well 

as rising health-care costs (Wondmkun, 2020).  

Another relationship between insulin 

resistance and hypertension could be salt 

sensitivity (Yatabe et al., 2010; Ertuglu et al., 

2021). In hypertensive patients with salt 

sensitivity, but not in those with salt resistance, 

a high salt diet reduces insulin sensitivity 

(Lastra et al., 2010). Salt sensitive 

hypertension is more seen in groups of 

individuals who are obese, elderly, 

postmenopausal, and/or have the metabolic 

syndrome. Diabetes and cardiovascular 

diseases are more common in these 

populations.  

Management of hypertension in diabetic 

patients 

Effective blood pressure control is an 

important goal for diabetic patients. The 

patients who suffer from both diabetes and 

hypertension have greater chances of 

developing cardiovascular diseases (Hansson 

et al., 2018).  

Drug therapy 

Drug therapy is an important step for most 

patients during treatment. Numerous 

researches have been done in an effort to 

determine which drug or drug combination is 
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the “best” for treating high blood pressure in 

patients with diabetes (Rizvi, 2017; Liu et al., 

2023; Moke et al., 2023b). Findings from 

various research has shown that the following 

drugs are good for treatment of hypertension 

in diabetic patients: 

Angiotensin Converting Enzyme (ACE) 

Inhibitors 

ACE inhibitors have proved beneficial in 

patients who have myocardial infarction or 

congestive heart failure, or who have diabetic 

renal disease (Zhang et al., 2020). ACE 

inhibitor therapy results in 20 to 30 percent 

decrease in the risk of stroke, coronary heart 

disease, and major cardiovascular events 

(Braunwald et al., 2004). ACE inhibitors are 

found to be more beneficial when compared 

with other antihypertensives in the reduction 

of acute myocardial infarction, cardiovascular 

events, and mortality (van Vark et al., 2012). 

Captopril and atenolol are similar in terms of 

reduction in microvascular and macrovascular 

complications.  

Diuretics 

Patients with diabetes and systolic 

hypertension have been proven to benefit from 

thiazide diuretics (Rizvi, 2017). In older non-

insulin-treated diabetic individuals with 

isolated systolic hypertension, chlorthalidone 

medication is useful in averting significant 

cerebrovascular and cardiovascular events. 

Lower thiazide doses (e.g., 

hydrochlorothiazide) are generally well 

tolerated and do not cause metabolic side 

effects. In patients with renal impairment, 

thiazide diuretics are less effective, hence loop 

diuretics are chosen (Shah et al., 2017). 

Calcium Channel Blockers (CCB) 

Controversy exists regarding the use of CCBs, 

particularly the dihydropyridines (e.g., 

amlodipine, nifedipine) in treating 

hypertension in patients with diabetes. The 

combination of an ACE inhibitor and a 

dihydropyridine CCB has been shown to 

reduce proteinuria. The nondihydropyridine 

CCBs (e.g., verapamil) demonstrate 

reductions in cardiovascular risk when used as 

monotherapy. Combining a 

nondihydropyridine CCB with an ACE 

inhibitor in hypertensive patients with diabetes 

is associated with greater reductions in 

proteinuria than if either agent was used 

individually (Pugh et al., 2019). 

Angiotensin II Receptor Blockers (ARB) 

Candesartan and lisinopril are used to treat 

patients with type 2 diabetes, hypertension, 

and microalbuminuria. Candesartan is as 

effective as lisinopril in blood pressure 

reduction and minimization of 

microalbuminuria. Losartan therapy produced 

a renoprotective effect independent of its 

blood-pressure-lowering effect in patients 

with type 2 diabetes and nephropathy. The 

efficacy of losartan in the management of 

hypertensive diabetic comorbidity has been 

reported (Moke et al., 2023c).  Irbesartan is 

found to be renoprotective in patients with 

type 2 diabetes who have microalbuminuria. 

Valsartan lowers urine albumin excretion to a 

greater degree than amlodipine in type 2 

diabetic patients with microalbuminuria 

(Sachpekidis et al., 2019).  

Beta Blockers 

The use of beta blockers in diabetic patients 

has traditionally been discouraged due to 

negative metabolic consequences and the 

masking of hypoglycemia symptoms (Dungan 

et al., 2019). There was no difference in 

hypoglycemia episodes between patients 

treated with atenolol and those treated with 

captopril, although the atenolol group gained 
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more weight. Cardio-selective beta blockers 

are recommended over non-selective beta 

blockers since they are linked to reduced 

hypoglycemia consciousness and lower 

cholesterol and glucose levels. When 

compared to typical beta blockers, the alpha 

beta blocker carvedilol causes lower changes 

in lipid and glucose levels. Because of its 

demonstrated capacity to reduce 

cardiovascular morbidity and mortality in 

those with atherosclerotic heart disease, beta 

blocker medication may be beneficial in many 

diabetic individuals (Du et al., 2014). 

Renin Inhibitors 

With the development of the first direct renin 

inhibitor, aliskiren, recently approved by the 

US Food and Drug Administration (FDA) for 

the treatment of hypertension in diabetic 

patients, a new and promising strategy in renin 

angiotensin aldosterone system blockage has 

begun. Aliskiren is generally well tolerated, 

and unlike ACE inhibitors, it does not cause 

substance P or bradykinin buildup. As a result, 

side symptoms like cough and angioedema are 

quite infrequent. It has a good safety and 

tolerability record, whether used alone or in 

combination with other medications. In 

multiple placebo-controlled clinical trials, 

aliskiren monotherapy showed significant, 

dose-dependent antihypertensive effects (Gerc 

et al., 2009; Zhao et al., 2020). 

CONCLUSION 

Hypertension and diabetes are two critical 

comorbidities that may lead to mortality if not 

handled properly. Diabetes cause 

hyperinsulinism, a potential trigger of 

hypertension, thus, a divorce between these 

two conditions may not be possible. The 

resultant effect of hyperinsulinemia and 

insulin resistance on diabetic patients is the 

development of hypertension due to its direct 

action on sodium and water retention as well 

as its direct action on blood vessel reactivity. 

Therefore, diabetic patients should have their 

blood pressure monitored constantly and 

should maintain healthy lifestyle. Diabetic 

patients with hypertension should take 

appropriate antihypertensives, and 

combination therapy should be administered to 

hypertensive diabetic patients to attain blood 

pressure control in other to prevent mortality 

and lower the risk of other comorbidities. 

REFERENCES 

Acelajado, M.C., Hughes, Z.H., Oparil, S. & 

Calhoun, D.A. (2019). Treatment of 

Resistant and Refractory Hypertension. 

Circulation Research, 124(7): 1061-1070. 

Agbonifo-Chijiokwu, E., Nwangwa, K.E., 

Oyovwi, M.O., Ben-Azu, B., Naiho, 

A.O., Emojevwe, V., Ohwin, E.P., 

Ehiwarior, A.P., Ojugbeli, E.T., 

Nwabuoku, S.U., Moke, E.G., & 

Oghenetega, B.O. (2023). Underlying 

biochemical effects of intermittent 

fasting, exercise and honey on 

streptozotocin-induced liver damage in 

rats. Journal of Diabetes & Metabolic 

Disorders, 22(1):515-527 

Al-Makki, A., DiPette, D., Whelton, P.K., 

Murad, M.H., Mustafa, R.A., Acharya, S., 

Beheiry, H.M., Champagne, B., Connell, 

K., Cooney, M.T., Ezeigwe, N., Gaziano, 

T.A., Gidio, A., Lopez-Jaramillo, P., 

Khan, U.I., Kumarapeli, V., Moran, A.E., 

Silwimba, M.M., Rayner, B., 

Sukonthasan, A., Yu, J., Saraffzadegan, 

N., Reddy, K.S. & Khan, T. (2022). 

Hypertension Pharmacological Treatment 

in Adults: A World Health Organization 

Guideline Executive Summary. 

Hypertension, 79(1):293-301.  

American Diabetes Association (ADA) 

(2010). Diagnosis and classification of 

diabetes mellitus. Diabetes Care, 33 

Suppl 1(Suppl 1):S62-9.  



147 
 

Scientia Africana, Vol. 22 (No. 2), August, 2023. Pp 135-154   

© Faculty of Science, University of Port Harcourt, Printed in Nigeria                                           ISSN 1118 – 1931 

 
 

American Diabetes Association (ADA) 

(2013). Diagnosis and classification of 

diabetes mellitus. Diabetes Care, 36 

Suppl 1(Suppl 1):S67-74.   

American Diabetes Association Professional 

Practice Committee (2022). 2. 

Classification and Diagnosis of Diabetes: 

Standards of Medical Care in Diabetes-

2022. Diabetes Care, 45(Suppl 1):S17-

S38.  

Asiwe, J.N., Moke, E.G., Asiwe, N., Yovwin, 

G.D., Nwogueze, B.C., & Daubry, 

T.M.E. (2023). Dryopteris dilatata leaf 

extract ameliorates 

streptozotocin-induced diabetic 

nephropathy in male Wistar rat. Nutrire, 

48:1 

Banday, M.Z., Sameer, A.S. & Nissar, S. 

(2020). Pathophysiology of diabetes: An 

overview. Avicenna Journal of Medicine, 

10(4): 174-188. 

Barbot, M., Ceccato, F. & Scaroni, C. (2019). 

The Pathophysiology and Treatment of 

Hypertension in Patients With Cushing's 

Syndrome. Frontiers in Endocrinology 

(Lausanne), 10:321.  

Bild, D. &Teutsch, S.M. (2017). The control 

of hypertension in persons with diabetes: 

A public health approach. Public Health 

Reports, 102: 522-529. 

Bird, K., Chan, G., Lu, H., Greeff, H., Allen, 

J., Abbott, D., Menon, C., Lovell, N.H., 

Howard, N., Chan, W.S., Fletcher, R.R., 

Alian, A., Ward, R. & Elgendi, M. (2020). 

Assessment of Hypertension Using 

Clinical Electrocardiogram Features: A 

First-Ever Review. Frontiers in Medicine 

(Lausanne), 7:583331.  

Bossart, M., Wagner, M., Elvert, R., Evers, A., 

Hübschle, T., Kloeckener, T., Lorenz, K., 

Moessinger, C., Eriksson, O., Velikyan, 

I., Pierrou, S., Johansson, L., Dietert, G., 

Dietz-Baum, Y., Kissner, T., Nowotny, I., 

Einig, C., Jan, C., Rharbaoui, F., 

Gassenhuber, J., Prochnow, H.P., 

Agueusop, I., Porksen, N., Smith, W.B., 

Nitsche, A. & Konkar, A. (2022). Effects 

on weight loss and glycemic control with 

SAR441255, a potent unimolecular 

peptide GLP-1/GIP/GCG receptor 

triagonist. Cell Metabolism, 34(1):59-74. 

Boyle, C.N., Zheng, Y. & Lutz, T.A. (2022). 

Mediators of Amylin Action in Metabolic 

Control. Journal of Clinical Medicine, 

11(8):2207.  

Braunwald, E., Domanski, M.J., Fowler, S.E., 

Geller, N.L., Gersh, B.J., Hsia, J., Pfeffer, 

M.A., Rice, M.M., Rosenberg, Y.D. & 

Rouleau J.L.; PEACE Trial Investigators 

(2004). Angiotensin-converting-enzyme 

inhibition in stable coronary artery 

disease. The New England Journal of 

Medicine, 351(20):2058-68.  

Campbell, N.R., Lackland, D.T., Lisheng, L., 

Niebylski, M.L., Nilsson, P.M. & Zhang, 

X.H. (2015). Using the Global Burden of 

Disease study to assist development of 

nation-specific fact sheets to promote 

prevention and control of hypertension 

and reduction in dietary salt: a resource 

from the World Hypertension 

League. Journal of Clinical Hypertension, 

17(3): 165–7.  

Chapman, A.B., Stepniakowski, K. & 

Rahbari-Oskoui, F. (2010). Hypertension 

in autosomal dominant polycystic kidney 

disease. Advances in Chronic Kidney 

Disease, 17(2):153-63. 

Chawla, A., Chawla, R. & Jaggi, S. (2016). 

Microvasular and macrovascular 

complications in diabetes mellitus: 

Distinct or continuum? Indian Journal of 

Endocrinology and Metabolism, 

20(4):546-51.  



148 
 

 

Moke, E.G., Demaki, W.E., et al.: Coexistence of Hypertension with Diabetes Mellitus and Its Pharmacotherapy 

Chen, S. (2012). Essential hypertension: 

perspectives and future directions. 

Journal of Hypertension, 30(1):42-5. 

Deepthi, B., Sowjanya, K., Lidya, B., 

Bhargavi, R.S. & Babu, P.S. (2017). A 

modern review of diabetes mellitus: An 

annihilatory metabolic disorder. Journal 

of In Silico and In Vitro Pharmacology, 

3:1.  

DeLalio, L.J., Sved, A.F. & Stocker, S.D. 

(2020). Sympathetic Nervous System 

Contributions to Hypertension: Updates 

and Therapeutic Relevance. Canadian 

Journal of Cardiology, 36(5):712-720. 

Driver, C., Bamitale, K.D.S., Kazi, A., Olla, 

M., Nyane, N.A. & Owira, P.M.O. 

(2018). Cardioprotective Effects of 

Metformin. Journal of Cardiovascular 

Pharmacology, 72(2):121-127. 

Du, Q., Sun, Y., Ding, N., Lu, L. & Chen, Y. 

(2014). Beta-blockers reduced the risk of 

mortality and exacerbation in patients 

with COPD: a meta-analysis of 

observational studies. PLoS One, 

9(11):e113048.  

Dungan, K., Merrill, J., Long, C. & Binkley, P. 

(2019). Effect of beta blocker use and 

type on hypoglycemia risk among 

hospitalized insulin requiring patients. 

Cardiovascular Diabetology, 18(1):163.  

Eiam-Ong, S., Eiam-Ong, S., Punsin, P., 

Sitprija, V. & Chaiyabutr, N. (2004). 

Acute hypercalcemia-induced 

hypertension: the roles of calcium 

channel and alpha-1 adrenergic receptor. 

Journal of the Medical Association of 

Thailand, 87(4):410-8. 

Ellis, D. & Miyashita, Y. (2011). Primary 

hypertension and special aspects of 

hypertension in older children and 

adolescents. Adolescent Health, Medicine 

and Therapeutics, 2:45-62. 

Ertuglu, L.A., Elijovich, F., Laffer, C.L. & 

Kirabo, A. (2021). Salt-Sensitivity of 

Blood Pressure and Insulin Resistance. 

Frontiers in Physiology, 12:793924. 

Fisher, N.D. & Williams, G.H. (2019). 

Hypertensive vascular disease. In Kasper, 

D.L., Braunwald, E., Fauci, A.S., et al. 

(eds.). Harrison's Principles of Internal 

Medicine (16th ed.). New York, NY: 

McGraw-Hill, pp. 1463-81.  

Franklin, S.S., Wilkinson, I.B. & McEniery, 

C.M. (2012). Unusual hypertensive 

phenotypes: what is their significance? 

Hypertension, 59(2):173-8.  

Frohlich, E.D. (2011). Epidemiological issues 

are not simply black and white. 

Hypertension, 58(4):546-7.  

Galicia-Garcia, U., Benito-Vicente, A., Jebari, 

S., Larrea-Sebal, A., Siddiqi, H., Uribe, 

K.B., Ostolaza, H. & Martín, C. (2020). 

Pathophysiology of Type 2 Diabetes 

Mellitus. International Journal of 

Molecular Sciences, 21(17):6275. 

Gallo, G., Volpe, M. & Savoia, C. (2022). 

Endothelial Dysfunction in Hypertension: 

Current Concepts and Clinical 

Implications. Frontiers in Medicine 

(Lausanne), 8:798958. 

Geleijnse, J.M., Witteman, J.C., Bak, A.A., 

Breeijen, J.H. & Grobbee, D.E. (2014). 

Reduction in blood pressure with a low 

sodium, high potassium, high magnesium 

salt in older subjects with mild to 

moderate hypertension. British Medical 

Journal, 309: 436-440. 

Gerc, V., Buksa, M., Loza, V. & Kulic, M. 

(2009). Is aliskiren superior to inhibitors 

of angiotensin-converting enzyme and 

angiotensin receptor blockers in renin-

angiotensin system blockade? Medicinski 

arhiv, 63(6):343-9. 

Getawa, S., & Adane, T. (2022). 

Hematological abnormalities among 

https://archive.org/details/harrisonsprincip00kasp
https://archive.org/details/harrisonsprincip00kasp
https://archive.org/details/harrisonsprincip00kasp/page/n1491


149 
 

Scientia Africana, Vol. 22 (No. 2), August, 2023. Pp 135-154   

© Faculty of Science, University of Port Harcourt, Printed in Nigeria                                           ISSN 1118 – 1931 

 
 

adults with type 1 diabetes mellitus at the 

University of Gondar Comprehensive 

Specialized Hospital. SAGE Open 

Medince, 10:20503121221094212. 

Gordin, D. & Groop, P.H. (2016). Aspects of 

Hyperglycemia Contribution to Arterial 

Stiffness and Cardiovascular 

Complications in Patients with Type 1 

Diabetes. Journal of Diabetes Science and 

Technology, 10(5):1059-64.  

Grossman, A., Messerli, F.H. & Grossman, E. 

(2015). Drug induced hypertension--An 

unappreciated cause of secondary 

hypertension. Eur J Pharmacol, 763(Pt 

A):15-22.  

Grossman, E. & Messerli, F.H. (2008). 

Secondary hypertension: interfering 

substances. The Journal of Clinical 

Hypertension (Greenwich), 10(7):556-66. 

Guerrero-García, C. & Rubio-Guerra, A.F. 

(2018). Combination therapy in the 

treatment of hypertension. Drugs 

Context, 7:212531.  

Han, B.G., Lee, J.Y., Kim, M.R., Shin, H., 

Kim, J.S., Yang, J.W. & Kim, J.Y. (2020). 

Fluid overload is a determinant for 

cardiac structural and functional 

impairments in type 2 diabetes mellitus 

and chronic kidney disease stage 5 not 

undergoing dialysis. PLoS One, 

15(7):e0235640.  

Hansson, L., Zanchetti, A., Carruthers, S., 

Dahlof, B., Elmfeldt, D., Julius, S., 

Menard, J., Rahn, K., Wedel, H. & 

Westerling, S. (2018). Effects of intensive 

blood-pressure lowering and low-dose 

aspirin in patients with hypertension: 

principal results of the Hypertension 

Optimal Treatment (HOT) randomized 

trial. Lancet, 351: 1755-1762  

International Diabetes Federation (IDF) 

(2021). IDF Diabetes Atlas, 10th edn. 

Brussels, Belgium: International Diabetes 

Federation. Available from: 

https://diabetesatlas.org/idfawp/resour

ce-files/2021/07/IDF_Atlas_10th_ 

Edition_2021.pdfo 

James, P.A., Oparil, S., Carter, B.L., 

Cushman, W.C., Dennison-Himmelfarb, 

C., Handler, J., Lackland, D.T., LeFevre, 

M.L., MacKenzie, T.D., Ogedegbe, O., 

Smith, S.C. Jr, Svetkey, L.P., Taler, S.J., 

Townsend, R.R., Wright, J.T. Jr, Narva, 

A.S. & Ortiz, E. (2014). 2014 evidence-

based guideline for the management of 

high blood pressure in adults: report from 

the panel members appointed to the 

Eighth Joint National Committee (JNC 

8). The Journal of the American Medical 

Association, 311(5):507-520. 

Jermendy, G., Horváth, T., Littvay, L., 

Steinbach, R., Jermendy, A.L., Tárnoki, 

A.D., Tárnoki, D.L., Métneki, J. & 

Osztovits, J. (2011). Effect of genetic and 

environmental influences on 

cardiometabolic risk factors: a twin study. 

Cardiovascular Diabetology, 10:96.  

Katakam, R., Brukamp, K. & Townsend, R.R. 

(2008). What is the proper workup of a 

patient with hypertension? Cleveland 

Clinic Journal of Medicine, 75(9):663-72. 

Kim, C. (2014). Maternal outcomes and 

follow-up after gestational diabetes 

mellitus. Diabetic Medicine, 31(3):292-

301. 

Kintiraki, E., Papakatsika, S., Kotronis, G., 

Goulis, D.G. & Kotsis, V. (2015). 

Pregnancy-Induced hypertension. 

Hormones (Athens), 14(2):211-23.  

Krämer, B.K., Krämer, R.M., Benck, U. & 

Krüger, B. (2019). Nonadherence in 

patients with hypertensive emergency or 

hypertensive urgency. The Journal of 

Clinical Hypertension (Greenwich), 

21(1):64-66.  

https://diabetesatlas.org/idfawp/resource-files/2021/07/IDF_Atlas_10th_%20Edition_2021.pdfo
https://diabetesatlas.org/idfawp/resource-files/2021/07/IDF_Atlas_10th_%20Edition_2021.pdfo
https://diabetesatlas.org/idfawp/resource-files/2021/07/IDF_Atlas_10th_%20Edition_2021.pdfo


150 
 

 

Moke, E.G., Demaki, W.E., et al.: Coexistence of Hypertension with Diabetes Mellitus and Its Pharmacotherapy 

Lam, A.A., Lepe, A., Wild, S.H. & Jackson, C. 

(2021). Diabetes comorbidities in low- 

and middle-income countries: An 

umbrella review. Journal of Global 

Health, 11:04040.  

Lastra, G., Dhuper, S., Johnson, M.S. & 

Sowers, J.R. (2010). Salt, aldosterone, 

and insulin resistance: impact on the 

cardiovascular system. Nature Reviews 

Cardiology, 7:577-584. 

Lazea, C., Al-Khzouz, C., Sufana, C., Miclea, 

D., Asavoaie, C., Filimon, I. & Fufezan, 

O. (2022). Diagnosis and Management of 

Genetic Causes of Middle Aortic 

Syndrome in Children: A Comprehensive 

Literature Review. Therapeutics and 

Clinical Risk Management, 18:233-248. 

Lembo, G., Napoli, R., Capaldo, B., Rendina, 

V., Iaccarino, G., Volpe, M., Trimarco, B. 

& Sacca, L. (2010). Abnormal 

sympathetic overactivity evoked by 

insulin in the skeletal muscle of patients 

with essential hypertension. Journal of 

Clinical Investigation, 90:24–9. 

Lim, A.K.H. (2014). Diabetic nephropathy - 

complications and treatment. 

International Journal of Nephrology and 

Renovascular Disease, 7:361-81.  

Liu, W., Higashikuni, Y. & Sata, M. (2023). 

Optimizing antihypertensive therapy in 

patients with diabetes mellitus. 

Hypertension Research, 46(3):797-800.  

Loi, H., Boal, F., Tronchere, H., Cinato, M., 

Kramar, S., Oleshchuk, O., Korda, M. &  

Kunduzova, O. (2019). Metformin 

Protects the Heart Against Hypertrophic 

and Apoptotic Remodeling After 

Myocardial Infarction. Frontiers in 

Pharmacology, 10:154.  

Mancusi, C., Izzo, R., di Gioia, G., Losi, M.A., 

Barbato, E. & Morisco, C. (2020). Insulin 

Resistance the Hinge Between 

Hypertension and Type 2 Diabetes. High 

Blood Pressure & Cardiovascular 

Prevention, 27:515–526. 

Mann, S.J. (2018). Neurogenic hypertension: 

pathophysiology, diagnosis and 

management. Clinical Autonomic 

Research, 28(4):363-374. 

Martinez-Quinones, P., McCarthy, C.G., 

Watts, S.W., Klee, N.S., Komic, A., 

Calmasini, F.B., Priviero, F., Warner, A., 

Chenghao, Y. & Wenceslau, C.F. (2018). 

Hypertension Induced Morphological and 

Physiological Changes in Cells of the 

Arterial Wall. American Journal of 

Hypertension, 31(10):1067-1078.  

Martyniak, A. & Tomasik, P.J. (2022). A New 

Perspective on the Renin-Angiotensin 

System. Diagnostics (Basel), 13(1):16.  

McCall, A.L. & Farhy, L.S. (2013). Treating 

type 1 diabetes: from strategies for insulin 

delivery to dual hormonal control. 

Minerva Endocrinologica, 38(2):145-63. 

Mills, K.T., Stefanescu, A. & He, J. (2020). 

The global epidemiology of hypertension. 

Nature Reviews Nephrology, 16(4):223-

237.  

Moke, E.G., Ekuerhare, B., Enaohwo, M.T., 

Asiwe, J.N., Ofulue, O.O, Umukoro, E.K. 

& Isibor, N.P. (2022). Resistant 

hypertension. Journal of Drug Delivery 

and Therapeutics, 12:230-235.  

Moke, E.G., Umukoro, E.K., Okafo, S.E., 

Asiwe, J.N., Eduviere, A.T., Omorodion, 

I.L., Erhirhie, E.O., Uchendu, A.P., 

Isibor, N.P., & Eboye, R. (2023a). The 

Role of Medicinal Plants in Diabetes 

Mellitus and Oxidative Stress. 

International Journal of Nutrition 

Science, 8(2):2-11. 

Moke, E.G., Omogbai, E.K.I., Osagie-Eweka, 

S.D.E., Uchendu, A.P., Omogbiya, A.I., 

Ben-Azu, B., Eduviere, A.T., Edje, K.E., 

Umukoro, E.K., Anachuna, K.K., Asiwe, 

J.N., Ahante, E. & Oghoghovwe, I.J. 



151 
 

Scientia Africana, Vol. 22 (No. 2), August, 2023. Pp 135-154   

© Faculty of Science, University of Port Harcourt, Printed in Nigeria                                           ISSN 1118 – 1931 

 
 

(2023b). Co-administration of metformin 

and/or glibenclamide with losartan 

reverse NG-nitro-l-arginine-methyl ester-

streptozotocin-induced hypertensive 

diabetes and haemodynamic sequelae in 

rats. Microvascular Research, 

147:104497. 

Moke, E.G., Omogbai, E.K.I., Osagie-Eweka, 

S.E., Uchendu, A.P., Obayuwana, O.M., 

Okoro-Akpandu, E. & Ben-Azu, B. 

(2023c). Antihypertensive and 

antihyperglycemic effects of 

combinations of losartan with metformin 

and/or glibenclamide in 

desoxycorticosterone acetate and 

streptozotocin-induced hypertensive 

diabetic rats. Laboratory Animal 

Research, 39(1):7.  

Muntner, P., Einhorn, P.T., Cushman, W.C., 

Whelton, P.K., Bello, N.A., Drawz, P.E., 

Green, B.B., Jones, D.W., Juraschek, 

S.P., Margolis, K.L., Miller, E.R. 3rd, 

Navar, A.M., Ostchega, Y., Rakotz, M.K., 

Rosner, B., Schwartz, J.E., Shimbo, D., 

Stergiou, G.S., Townsend, R.R., 

Williamson, J.D., Wright, J.T. Jr & 

Appel, L.J.; 2017 National Heart, Lung, 

and Blood Institute Working Group 

(2019). Blood Pressure Assessment in 

Adults in Clinical Practice and Clinic-

Based Research: JACC Scientific Expert 

Panel. Journal of the American College of 

Cardiology, 73(3):317-335.  

NCD Risk Factor Collaboration (NCD-RisC) 

(2021). Worldwide trends in hypertension 

prevalence and progress in treatment and 

control from 1990 to 2019: a pooled 

analysis of 1201 population-

representative studies with 104 million 

participants. Lancet, 398(10304):957-

980. Erratum in: Lancet, 399(10324):520. 

Nentwich, M.M. & Ulbig, M.W. (2015). 

Diabetic retinopathy - ocular 

complications of diabetes mellitus. World 

Journal of Diabetes, 6(3):489-99. 

Okonofua, D.E., Asiwe, J.N., Anachuna, K.K., 

Moke, E.G., Sanusi, K.O., Adagbada, 

E.O., Yusuf, M.O., Alawode, D.I., & 

Fasanmade, A.A. (2021). Effect of 

Diabetes Mellitus and Hypertension on 

Osmotic Fragility and Hemorheological 

Factors in Male Wistar Rats. Biology, 

Medicine, & Natural Product Chemistry, 

10(2):73-79 

Okonofua, D.E., Asiwe, J.N., Moke, E.G., 

Igie, N.F., Sanusi, K.O., Yesufu, J.O., & 

Fasanmade, A.A. (2023). Polycythemia, 

Thrombocythemia, and 

Hyperfibrinogenemia are Associated 

With Streptozotocin-induced Diabetes 

and Salt-induced Hypertension in Male 

Wistar Rats. Pharmaceutical and 

Biomedical Research, 9(1):37-44 

Oladele, T.P. (2020). The 2019 Canadian 

Hypertension Education Program 

recommendations for the management of 

hypertension: Part 1--blood pressure 

measurement, diagnosis and assessment 

of risk. The Canadian Journal of 

Cardiology, 25(5): 279-86.  

Ovuakporaye, S.I., Enaohwo, M.T., Odigie, 

O.M. & Igweh, J.C. (2019). A 

Comparative Study on Cardio-pulmonary 

Markers in Gas Flaring Communities, 

South-South Nigeria. Journal of  

Pulmonary Disease and Respiratory 

Medicine, 9: 486. 

Padhi, S., Nayak, A.K. & Behera, A. (2020). 

Type II diabetes mellitus: a review on 

recent drug based therapeutics. 

Biomedicine & Pharmacotherapy, 

131:110708.  

Pan, W.H., Cedres, L.B., Liu, K., Dyer, A., 

Schoenberger, J.A., Shekelle, R.B., 

Stamler, R., Smith, D., Collette, P. & 

Stamler. J. (2016). Relationship of 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707176
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707176
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707176
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707176
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707176
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707176


152 
 

 

Moke, E.G., Demaki, W.E., et al.: Coexistence of Hypertension with Diabetes Mellitus and Its Pharmacotherapy 

clinical diabetes and asymptomatic 

hypergh/cemia to risk of coronary heart 

disease mortality in men and woman. 

American Journal of Epidemiology, 

23:504-516. 

Papatheodorou, K., Banach, M., Bekiari, E., 

Rizzo, M. & Edmonds, M. (2017). 

Complications of Diabetes 2017. Journal 

of Diabetes Research, 2018:3086167. 

Pavlou, D.I., Paschou, S.A., Anagnostis, P., 

Spartalis, M., Spartalis, E., Vryonidou, 

A., Tentolouris, N. & Siasos, G. (2018). 

Hypertension in patients with type 2 

diabetes mellitus: Targets and 

management. Maturitas, 112:71-77. 

Petersen, M.C. & Shulman, G.I. (2018). 

Mechanisms of Insulin Action and Insulin 

Resistance. Physiological Reviews, 

98(4):2133-2223.  

Petrie, J.R., Guzik, T.J. & Touyz, R.M. (2018). 

Diabetes, Hypertension, and 

Cardiovascular Disease: Clinical Insights 

and Vascular Mechanisms. The Canadian 

Journal of Cardiology, 34(5):575-584. 

Plows, J.F., Stanley, J.L., Baker, P.N., 

Reynolds, C.M. & Vickers, M.H. (2018). 

The Pathophysiology of Gestational 

Diabetes Mellitus. International Journal 

of Molecular Sciences, 19(11):3342.  

Preston, R.A. & Epstein, M. (1995). Renal 

parenchymal disease and hypertension. 

Seminars in Nephrology, 15(2):138-51. 

Puar, T.H., Mok, Y., Debajyoti, R., Khoo, J., 

How, C.H. & Ng, A.K. (2016). Secondary 

hypertension in adults. Singapore 

Medical Journal, 57(5):228-32. 

Pugh, D., Gallacher, P.J. & Dhaun, N. (2019). 

Management of Hypertension in Chronic 

Kidney Disease. Drugs, 79(4):365-379. 

Erratum in: Drugs, 80(13):1381.  

Qaoud, M.T., Almasri, I. & Önkol, T. (2022). 

Peroxisome Proliferator-Activated 

Receptors as Superior Targets for 

Treating Diabetic Disease, Design 

Strategies - Review Article. Turkish 

Journal of Pharmaceutical Sciences, 

19(3):353-370.  

Rizvi, A.A. (2017). Addressing hypertension 

in the patient with type 2 diabetes 

mellitus: pathogenesis, goals, and 

therapeutic approach. European Medical 

Journal Diabetes, 5(1):84-92.  

Röder, P.V., Wu, B., Liu, Y. & Han, W. 

(2016). Pancreatic regulation of glucose 

homeostasis. Experimental and 

Molecular Medicine, 48(3):e219. 

Rossi, G.P., Seccia, T.M., Maniero, C. & 

Pessina, A.C. (2011). Drug-related 

hypertension and resistance to 

antihypertensive treatment: a call for 

action. Journal of Hypertension, 

29(12):2295-309. 

Rule, A.D., Fridley, B.L., Hunt, S.C., Asmann, 

Y., Boerwinkle, E., Pankow, J.S., Mosley, 

T.H. & Turner, S.T. (2009). Genome-

wide linkage analysis for uric acid in 

families enriched for hypertension. 

Nephrology Dialysis Transplantation, 

24(8):2414-20. 

Sachpekidis, C., Jackson, D.B. & Soldatos, 

T.G. (2019). Radioimmunotherapy in 

Non-Hodgkin's Lymphoma: 

Retrospective Adverse Event Profiling of 

Zevalin and Bexxar. Pharmaceuticals 

(Basel), 12(4):141. 

Saxena, T., Ali, A.O. & Saxena, M. (2018). 

Pathophysiology of essential 

hypertension: an update. Expert Reviews 

of Cardiovascular Therapy, 16(12):879-

887. 

Schmidt, B.M., Durao, S., Toews, I., Bavuma, 

C.M., Hohlfeld, A., Nury, E., Meerpohl, 

J.J. & Kredo, T. (2020). Screening 

strategies for hypertension. Cochrane 

Database of Systematic Reviews, 

5(5):CD013212. 



153 
 

Scientia Africana, Vol. 22 (No. 2), August, 2023. Pp 135-154   

© Faculty of Science, University of Port Harcourt, Printed in Nigeria                                           ISSN 1118 – 1931 

 
 

Schulman, I.H. & Zhou, M.S. (2009). Vascular 

insulin resistance: a potential link 

between cardiovascular and metabolic 

diseases. Current Hypertension Reports, 

11(1):48-55. 

Shah, P.B., Soundararajan, P., Sathiyasekaran, 

B.W.C. & Hegde, S.C. (2017). Diuretics 

for people with chronic kidney disease. 

Cochrane Database Syst Rev, 

2017(10):CD011339. 

Sica, D.A. (2008). Endocrine causes of 

secondary hypertension. The Journal of 

Clinical Hypertension (Greenwich), 

10(7):534-40. 

Sierra, C. (2020). Hypertension and the Risk 

of Dementia. Frontiers in Cardiovascular 

Medicine, 7:5.  

Tang, J., Ye, L., Yan, Q., Zhang, X. & Wang, 

L. (2022). Effects of Sodium-Glucose 

Cotransporter 2 Inhibitors on Water and 

Sodium Metabolism. Frontiers in 

Pharmacology, 13:800490.  

Templer, S. (2022). Closed-Loop Insulin 

Delivery Systems: Past, Present, and 

Future Directions. Frontiers in 

Endocrinology (Lausanne), 13:919942. 

Thorp, A.A. & Schlaich, M.P. (2015). 

Relevance of Sympathetic Nervous 

System Activation in Obesity and 

Metabolic Syndrome. Journal of Diabetes 

Research, 2015:341583. 

Toren, E., Burnette, K.S., Banerjee, R.R., 

Hunter, C.S. & Tse, H.M. (2021). 

Partners in Crime: Beta-Cells and 

Autoimmune Responses Complicit in 

Type 1 Diabetes Pathogenesis. Frontiers 

in Immunology, 12:756548. 

van Vark, L.C., Bertrand, M., Akkerhuis, 

K.M., Brugts, J.J., Fox, K., Mourad, J.J. 

& Boersma, E. (2012). Angiotensin-

converting enzyme inhibitors reduce 

mortality in hypertension: a meta-analysis 

of randomized clinical trials of renin-

angiotensin-aldosterone system inhibitors 

involving 158,998 patients. European 

Heart Journal, 33(16):2088-97. 

Wald, D.S., Law, M., Morris, J.K., Bestwick, 

J.P. & Wald, N.J. (2009). Combination 

therapy versus monotherapy in reducing 

blood pressure: meta-analysis on 11,000 

participants from 42 trials. The American 

Journal of Medicine, 122(3):290-300. 

Wang, Z., Yang, T. & Fu, H. (2021). 

Prevalence of diabetes and hypertension 

and their interaction effects on cardio-

cerebrovascular diseases: a cross-

sectional study. BMC Public Health, 

21(1):1224.  

Wendt, A. & Eliasson, L. (2022). Pancreatic 

alpha cells and glucagon secretion: Novel 

functions and targets in glucose 

homeostasis. Current Opinion in 

Pharmacology, 63:102199.  

Whelton, P.K., Carey, R.M., Aronow, W.S., 

Casey, D.E. Jr, Collins, K.J., Dennison 

Himmelfarb, C., DePalma, S.M., 

Gidding, S., Jamerson, K.A., Jones, 

D.W., MacLaughlin, E.J., Muntner, P., 

Ovbiagele, B., Smith, S.C. Jr, Spencer, 

C.C., Stafford, R.S., Taler, S.J., Thomas, 

R.J., Williams, K.A. Sr, Williamson, J.D. 

& Wright, J.T. Jr. (2018). 2017 

ACC/AHA/AAPA/ABC/ACPM/AGS/A

PhA/ASH/ASPC/NMA/PCNA Guideline 

for the Prevention, Detection, Evaluation, 

and Management of High Blood Pressure 

in Adults: A Report of the American 

College of Cardiology/American Heart 

Association Task Force on Clinical 

Practice Guidelines. Journal of the 

American College of Cardiology, 

71(19):e127-e248. Erratum in: J Am Coll 

Cardiol, 71(19):2275-2279. 

Wiemer, N.G., Eekhoff, E.M., Simsek, S., 

Heine, R.J., Ringens, P.J., Polak, B.C. & 

Dubbelman, M. (2008). The effect of 



154 
 

 

Moke, E.G., Demaki, W.E., et al.: Coexistence of Hypertension with Diabetes Mellitus and Its Pharmacotherapy 

acute hyperglycemia on retinal thickness 

and ocular refraction in healthy subjects. 

Graefe’s Archives for Clinicai and 

Experimental Ophthalmology, 246(5): 

703-8.. 

Wondmkun, Y.T. (2020). Obesity, Insulin 

Resistance, and Type 2 Diabetes: 

Associations and Therapeutic 

Implications. Diabetes, Metabolic 

Syndrome and Obesity, 13:3611-3616.  

Wysocki, M., Luo, X., Schmeidler, J., 

Dahlman, K., Lesser, G.T., Grossman, H., 

Haroutunian, V. & Beeri. M.S. (2012). 

Hypertension is associated with cognitive 

decline in elderly people at high risk for 

dementia. The American Journal of 

Geriatric Psychiatry, 20(2):179-87. 

Yatabe, M.S., Yatabe, J., Yoneda, M., 

Watanabe, T., Otsuki, M., Felder, R.A., 

Jose, P.A. & Sanada, H. (2010). Salt 

sensitivity is associated with insulin 

resistance, sympathetic overactivity, and 

decreased suppression of circulating renin 

activity in lean patients with essential 

hypertension. The American Journal of 

Clinical Nutrition, 92(1):77-82. Erratum 

in: The American Journal of Clinical 

Nutrition, 92(4):1002.  

Yazbeck, R., Jaenisch, S.E., & Abbott, C.A. 

(2021). Dipeptidyl peptidase 4 inhibitors: 

Applications in innate immunity? 

Biochemical Pharmacology, 188:114517. 

Zhang, Y., He, D., Zhang, W., Xing, Y., Guo, 

Y., Wang, F., Jia, J., Yan T, Liu Y& Lin 

S. (2020). ACE Inhibitor Benefit to 

Kidney and Cardiovascular Outcomes for 

Patients with Non-Dialysis Chronic 

Kidney Disease Stages 3-5: A Network 

Meta-Analysis of Randomised Clinical 

Trials. Drugs, 80(8):797-811.  

Zhao, Q., Shen, J., Lu, J., Jiang, Q. & Wang, 

Y. (2020). Clinical efficacy, safety and 

tolerability of Aliskiren Monotherapy 

(AM): an umbrella review of systematic 

reviews. BMC Cardiovascular Disorders, 

20(1):179.  

Zhou, M.S., Schulman, I.H. & Zeng, Q. 

(2012). Link between the renin-

angiotensin system and insulin resistance: 

implications for cardiovascular 

disease. Vascular Medicine, 17:330–341.  

Zhou, T., Xu, X., Du, M., Zhao, T. & Wang, J. 

(2018). A preclinical overview of 

metformin for the treatment of type 2 

diabetes. Biomedicine & 

Pharmacotherapy, 2018;106:1227-1235.  

Zisaki, A., Miskovic, L. & Hatzimanikatis, V. 

(2015). Antihypertensive drugs 

metabolism: an update to 

pharmacokinetic profiles and 

computational approaches. Current 

Pharmaceutical Design, 21(6):806-22. 

 

 

  


