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ABSTRACT 

       The coexistence of diabetes and hypertension is known to 

have a multiplicative effect on adverse clinical outcomes with 

respect to both microvascular and macrovascular disease. Effective 

management of diabetes should therefore include a multifaceted 

approach combining optimal control of blood pressure and lipids 

with appropriate glycemic control. The pathophysiology of 

hypertension in diabetes involves maladaptive changes in the 

autonomic nervous system, vascular endothelial dysfunction, 

enhanced activation of the renin-angiotensin-aldosterone system, 

immune function alterations, and harmful environmental factors. 

Multiple high-quality randomized controlled trials have shown 

improvement in morbidity with lowering of elevated blood pressure 

in people with diabetes. Attention must be paid to individual risk 

factors and co-morbidities with a goal of less than 130/80 mm Hg in 

most patients with diabetes who are at higher risk of cardiovascular 

disease (CVD) than those without diabetes. Good glycemic control, 

optimizing weight, and promotion of exercise as well as lessening 

harmful environment factors such as air pollution exposure are 

integral components of the approach to blood pressure control in 

these patients.  

 

 

 

 

 



6 
 

 

                                              Contents 

1.Introduction.………………………………………. 6  

2.1 Diabetes ……………………………………………… 8 

2.2 Prevent and treatments ……………………………..9 

3.1Hypertension ………….………………… 10                                        

3.2 symptoms of high blood pressure…………………………… 12 

3.3 Preventing high blood pressur………………………………..13 

 3.4 Treatment for high blood pressure………………..…………  

4.Type 2 Diabetes Mellitus and Hypertension…………………….…  

5. Blood pressure targets in patients with di…………..………… 15 

6. Mechanisms of Vascular Complications in Diabetes and the Impact 

of Hypertension……………………………………………. 16 

7. Macrovascular (or cardiovascular) disease with Diabetes……… 17 

8. Microvascular disease………………………………………. 18 

9. pathophysiology of hypertension in diabetes…………….. 19 

10.Sedentary Lifestyle, Excessive Caloric Intake and Insulin 

Resistance…………………………………………… 

11. Role of Innate and Adaptive Immunity………………………… 21 

12.Inflammation and the immune system …………………… 



7 
 

13.Treatment of diabetes mellitus and its cardiovascular 

complications ………………………………………… 

Conclusion ………………………………………… 

References  ………………………………………………. 22 

 

 

 

 

 

 



1 
 

 

1. introduction 

             Statistics from the Centers for Disease Control and Prevention 

(CDC) and National Health and Nutritional Examination Survey 

(NHANES) database show that the incidence of Type 2 diabetes mellitus 

(T2DM) has risen steeply in the last few decades. It is estimated that 

diabetes affects 34.2 million people in US 10.5% of US population. 73.6% 

of individuals with diabetes aged 18 years or more have hypertension. The 

coexistence of hypertension and diabetes in a large population of patients 

is not coincidental; individuals with T2DM often display a constellation of 

metabolic derangements termed the cardiometabolic or cardiorenal 

metabolic syndrome (1). This syndrome comprises a cluster of CVD risk 

factors including T2DM, hypertension, dyslipidemia, central obesity, and 

chronic kidney disease. The coexistence of hypertension and diabetes in 

these individuals substantially increases the risk for cardiovascular disease 

(CVD), cerebrovascular accident (CVA), retinopathy, and nephropathy 

(2). The rising prevalence of obesity and sedentary lifestyles in the US are 

the major driver of both diabetes and hypertension and the resulting health 

care costs are a serious public health concern. Increasingly, the role of 

environmental factors such as food deserts and environmental pollution in 

the promotion of diabetes, hypertension, and CVD is being appreciated. 

These harmful environmental factors especially affect minorities and other 

disadvantaged populations.   

2.1 Diabetes  

Diabetes mellitus is a group of chronic metabolic conditions characterized 

by a set of longterm metabolic irregularities, which arise from either the 

body's resistance to the activity of insulin or its inability to produce the 

hormone. This inability results in elevated blood sugar levels. The chronic 
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hyperglycemia associated with diabetes can cause damage, malfunction, 

and deterioration of several organs in the body, including the eyes, kidneys, 

nerves, heart, and blood vessels. (3). According to the American Diabetes 

Association (3), diabetes ranked as the seventh leading cause of death in 

the United States, with 282,801 death certificates citing diabetes as the 

cause of death. Diabetes is the primary cause of kidney failure, lower limb 

amputations, and adult blindness. (4) Additionally, diabetes is associated 

with a range of complications that affect multiple body tissues, including 

peripheral vascular disease, diabetic neuropathy, diabetic foot problems, 

diabetic retinopathy, and nephropathy. (5; 6). Often, insulin secretion and 

defects in insulin action coexist, making it challenging to identify the 

primary cause of hyperglycemia. (7) Risk factors for diabetes are more 

diverse; some are modifiable, and others are not. Nonmodifiable risk 

factors for type 2 diabetes include age, race or ethnicity, family history 

(genetic predisposition), history of gestational diabetes, and low birth 

weight. (8) 

2.2 Prevent and treatments 

type 1 diabetes cannot currently be prevented. Effective approaches are 

available to prevent type 2 diabetes and to prevent the complications and 

premature death that can result from all types of diabetes. These include 

policies and practices across whole populations and within specific settings 

(school, home, workplace) that contribute to good health for everyone, 

regardless of whether they have diabetes, such as exercising regularly, 

eating healthily, avoiding smoking, and controlling blood pressure and 

lipids.  

The starting point for living well with diabetes is an early diagnosis – the 

longer a person lives with undiagnosed and untreated diabetes, the worse 
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their health outcomes are likely to be. Easy access to basic diagnostics, 

such as blood glucose testing, should therefore be available in primary 

health care settings. Patients will need periodic specialist assessment or 

treatment for complications.  

3.1Hypertension                                                                                                                    

Hypertension is a cardiovascular syndrome that arises from various 

complex and interconnected factors. (9). High blood pressure refers to the 

consistent elevation of the force of blood flowing through the blood 

vessels. (10). Hypertension is an established independent risk factor for 

cardiovascular disease (CVD) and contributes to 1 in 7 deaths. The cost 

associated with hypertension in the United States from 2014–2015 was 

approximately $56 billion (11). High blood pressure (BP) is the most 

critical risk factor for cardiovascular disease (CVD), ranking first in global 

disability-adjusted life-years and associated with approximately 1,000 

deaths per day (12). Effective blood pressure management has been shown 

to decrease the incidence of stroke, heart attack, and heart failure. 

Hypertension is a major risk factor for cardiovascular disease and a major 

modifiable risk factor for dementia (13). The causal relationship between 

hypertension and diabetes is not clear as studies have shown a bidirectional 

relationship between these two metabolic diseases. ( 14). Some studies 

have shown that the prevalence of hypertension is high in diabetic patients 

(15) while others have shown an increased prevalence of diabetes in 

hypertensive populations. (16). Hypertension and diabetes share common 

risk factors such as endothelial dysfunction, vascular inflammation, arterial 

remodeling, atherosclerosis, dyslipidemia, and obesity. Studies suggest 

that individuals with diabetes have a prevalence of hypertension that is 

approximately 1.5- 2.0 times higher than those without diabetes, as 

reported by (17).  
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3.2 symptoms of high blood pressure 

Often, people with high blood pressure do not have noticeable symptoms. 

If the blood pressure is greatly elevated, a person may experience the 

following. However, each individual may experience symptoms 

differently. Symptoms may include: 

• Headache 

• Dizziness 

• Blurred vision 

The symptoms of high blood pressure may resemble other medical 

conditions or problems. Always consult your doctor for a diagnosis. 

3.3 Preventing high blood pressure 

The American Diabetes Association recommends the following to help 

prevent the onset of high blood pressure: 

• Reduce your salt intake 

• Engage in stress-relieving activities 

• Exercise regularly 

• Get to and stay at a healthy weight 

• Avoid excessive alcohol intake 

• Stop smoking and avoid exposure to secondhand smoke 

• Monitor your blood pressure 

3.4 Treatment for high blood pressure 

Specific treatment for high blood pressure will be determined by your 

doctor based on: 

• Your age, overall health, and medical history 
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• Extent of the disease 

• Your tolerance for specific medications, procedures, or therapies 

• Expectations for the course of the disease 

• Your opinion or preference 

Treatment may include exercise, a balanced diet, and quitting smoking, as 

well as medications prescribed by your doctor. 

4.Type 2 Diabetes Mellitus and Hypertension 

The prevalence of obesity and type 2 diabetes (T2D) continues to rise 

worldwide as lifestyles associated with low energy expenditure and high 

caloric intake are increasingly adopted, particularly in lower-income and 

developing countries. It is predicted that the number of cases of T2D will 

rise from 415 million to 642 million by 2040 (18) . )Hypertension is even 

more common, rising in prevalence in the same countries, with a recent 

worldwide estimate of 1.39 billion cases. (19)   

Although T2D and hypertension can be simply diagnosed at the bedside, 

they are each complex and heterogeneous phenotypes associated with an 

elevated risk of life-threatening cardiovascular disease (CVD). Their 

frequent coexistence in the same individual is not a coincidence, because 

aspects of the pathophysiology are shared by both conditions, particularly 

those related to obesity and insulin resistance. For example, in the San 

Antonio Heart Study, 85% of those with T2D had hypertension by the fifth 

decade of life, whereas 50% of those with hypertension experienced 

impaired glucose tolerance or T2D.20  

Diabetes is associated with both macrovascular (involving large arteries 

such as conduit vessels) and microvascular (involving small arteries and 

capillaries) disease. Chronic hyperglycemia and insulin resistance play an 
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important role in the initiation of vascular complications of diabetes and 

involve a number of mechanisms including (1) increased formation of 

advanced glycation end products (AGEs) and activation of the receptor for 

advanced glycation end products (RAGE) AGE-RAGE axis, (2) oxidative 

stress, and (3) inflammation.21 In addition, emerging evidence suggests a 

role for microRNAs (miRNAs) in the vasculopathy of diabetes (see further 

on).22 Hypertension is an important risk factor for diabetes-associated 

vascular complications, because hypertension itself is characterized by 

vascular dysfunction and injury (Fig. 1). 

 

Figure 1 

Vascular processes whereby diabetes and hypertension predispose to 

cardiovascular disease. Common risk factors promote diabetes and 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/figure/fig1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/figure/fig1/
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=5953551_gr1.jpg
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hypertension, which are associated with atherosclerosis, vascular 

inflammation, endothelial dysfunction, and structural remodelling, which 

lead to macrovascular and microvascular disease. Vascular damage and 

endothelial dysfunction is amplified when diabetes and hypertension 

coexist. 

5. Blood pressure targets in patients with diabetes 

Major medical societies including the American Diabetes Association 

(ADA) recommend a target blood pressure of less than 130/80 mm Hg for 

patients with diabetes. The first trial to seek justification for this 

recommendation was the Normotensive Appropriate Blood Pressure 

Control in Diabetes (ABCD) trial. Although no specific blood pressure 

target was pursued, the mean attained blood pressure of 128/75 mm Hg in 

the intensive treatment group, was under the systolic target of 130 mm Hg. 

Over a follow up of five years, no significant difference was seen in 

creatinine clearance (primary outcome) or cardiovascular events when 

compared to the placebo group (mean blood pressure 137/81). The 

intensive treatment group did manifest significant reductions in 

progression of retinopathy, albuminuria, and absolute risk of stroke 

(26 ,27) . 

In conclusion, multiple high-quality randomized controlled trials have 

shown improvement in morbidity with correction of elevated BP in people 

with diabetes. Patients with T2DM appear to be particularly susceptible to 

the deleterious effects of hypertension in initiation and progression of 

CVD. In the treatment of hypertension in patients with diabetes attention 

must be paid to individual risk factors, co-morbidities, and patient 

preferences when considering lower treatment targets. A lower blood 

pressure target, for instance, might be more appropriate for a young person 

https://www.ncbi.nlm.nih.gov/books/NBK279027/
https://www.ncbi.nlm.nih.gov/books/NBK279027/
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who would likely benefit from a reduction in stroke risk and reduced 

progression of retinopathy without experiencing unwanted side effects of 

hypotension, syncope, and hyperkalemia that are encountered more 

commonly in the older popular 

6   .Mechanisms of Vascular Complications in Diabetes and the Impact 

of Hypertension 

A number of interacting mechanisms are in play as summarized in the 

following sections (Fig. 2) . 

 

 

Figure 2 

Putative mechanisms whereby diabetes and hypertension cause vascular 

disease. Immune cell activation and inflammation are mediated through 

oxidative stress. AGEs, advanced glycation end products; RAAS, renin-

angiotensin-aldosterone system; RAGE, receptor AGE. 

7. Macrovascular (or cardiovascular) disease with Diabetes 

Macrovascular (or cardiovascular) disease with Diabetes of larger conduit 

arteries is a complex inflammatory process leading to myocardial 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/figure/fig2/
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=5953551_gr2.jpg
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=5953551_gr2.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/figure/fig2/
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=5953551_gr2.jpg
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infarction, stroke, and peripheral artery disease. The primary pathologic 

process associated with macrovascular disease is atherosclerosis, which in 

diabetes is accelerated with extensive distribution of vascular lesions. 28 )  

(T2D confers an approximate 2-fold elevation in CVD risk, equivalent to 

that of a previous myocardial infarction.29,( Moreover, patients with T2D 

have poorer outcomes after an acute coronary syndrome and higher rates 

of reinfarction and heart failure. 30)   

Elevation of CVD risk begins at the stage of prediabetes in association with 

insulin resistance and impaired glucose tolerance(  31 ( 

 

8. Microvascular disease 

the Action in Diabetes and Vascular Disease: Preterax and Diamicron 

Controlled Evaluation (ADVANCE) trial cohort has confirmed that the 

presence of microvascular complications increases the risk of 

cardiovascular complications in individuls with T2D.32 Moreover, the 

coexistence of hypertension and retinopathy is a risk factor for the 

progression of nephropathy. There is evidence that treatment of 

hypertension with angiotensin II receptor blockers can reduce the 

progression of retinopathy in addition to well-known effects on 

nephropathy.33 

9. pathophysiology of hypertension in diabetes 

The pathophysiology of hypertension in diabetes can be traced to 

maladaptive changes and complex interactions between the autonomic 

nervous system, a maladaptive immune system, enhanced activation of the 

renin-angiotensin-aldosterone system (RAAS) as well as adverse 

environmental factors. The factors listed below play a major role in the 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib37
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib38
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pathogenesis of hypertension and have been targeted for therapeutic 

interventions (34). 

10.Sedentary Lifestyle, Excessive Caloric Intake and Insulin 

Resistance 

Sedentary lifestyle and excessive caloric intake can lead to increased 

adiposity which has been associated with increased risk of worsening 

insulin resistance. Insulin resistance has been linked in turn to an increased 

vascular oxidative stress, inflammation, and endothelial dysfunction 

characterized by diminished vascular nitric oxide bioactivity, all of which 

promote vascular stiffness resulting in a persistent elevation of blood 

pressure and the promotion of CVD (35). 

11. Role of Innate and Adaptive Immunity 

There is emerging evidence that innate immunity and acquired immunity 

are involved in angiotensin II and aldosterone-induced hypertension and 

vascular disease (36). Animal studies suggest that intact T cell function is 

required for full expression of these adverse effects and that T cells and 

macrophages mediate the oxidative injury associated with these effects. On 

the other hand, the protective properties of T regulatory cells in animal 

models suggests a potential therapeutic role for these cells, although at this 

time such interventions are limited to the research setting. 

12.Inflammation and the immune system 

Links between inflammation and the immune system with metabolic 

dysfunction, hypertension, and cardiovascular morbidity are supported by 

extensive experimental data.37 This encompasses a number of immune 

metabolic as 

https://www.ncbi.nlm.nih.gov/books/NBK279027/
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pects, including the key role of the tricarboxylic cycle or sphingosine-1-

phosphate in the regulation of vascular inflammation.38 Clinical studies 

have shown that patients with T2D have increased total leukocyte counts, 

particularly neutrophils and lymphocytes, that correlate with insulin 

sensitivity, which is in part mediated by inflammatory changes of adipose 

tissue. Inflammatory biomarkers are also useful in developing targeted 

cardiovascular therapies in the context of metabolic dysfunction.39 

13.Treatment of diabetes mellitus and its cardiovascular 

complications 

Once T2D has been diagnosed, the aim of achieving glucose control is 

principally to avoid microvascular complications. There are some 

benefits with respect to macrovascular complications, but this is 

dependent on the profile of individual drug classes and even appears to be 

different for agents within the same class.40 The role of BP lowering to 

improve prognosis in T2D has been established since the UK Prospective 

Diabetes Study (UKPDS) in 1998.41 However, more recently, more 

widespread use of glucose-lowering agents that reduce (rather than 

increase) weight, lower BP, and have beneficial “off-target” effects (as 

demonstrated in recent large cardiovascular outcome trials) facilitates 

cardiovascular risk factor control and is playing a role in improving the 

cardiovascular prognosis of T2D.42 

Achieving glucose control in T2D begins with weight management. 

Particularly in the first 8 years after diagnosis, normal glucose tolerance 

can be restored if radical weight reduction can be achieved, most 

effectively using a very low-calorie liquid replacement diet.43 In obese 

patients, this can also occur after successful bariatric surgery, particularly 

the Roux-en-Y procedure. The mechanism may involve reduction in 
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ectopic fat, and consequent relief from its proiabetesnflammatory effects, 

in and around the pancreatic islets of Langerhans.44 

More recently introduced classes of glucose-lowering agents have 

heralded an exciting era in T2D pharmacotherapy because they are 

associated with weight reduction, BP reduction, and, importantly, reduced 

rates of major adverse events in long-term cardiovascular outcome 

trials.45 

Conclusion 

Diabetes is associated with an increased risk of CVD, which is exaggerated 

with coexistent hypertension. Many of the underlying molecular 

mechanisms, including oxidative stress, inflammation, and fibrosis causing 

microvascular and macrovascular complications of diabetes, also cause 

vascular remodelling and dysfunction in hypertension. Controlling 

comorbidities, especially hypertension, and targeting strategies to promote 

vascular health, may be especially important in reducing the microvascular 

and macrovascular complications of diabetes. 

Funding Sources 

This work was supported by grants from the British Heart Foundation 

(RG/13/7/30099, RE/13/5/30177), the Wellcome Trust Senior Biomedical 

Fellowship (to T.J.G.), and the National Science Centre of Poland 

(2011/03/B/NZ4/02454 .) 

 

 

 

 



13 
 

References 

1. Abbott R.D., Donahue R.P., Kannel W.B., Wilson P.W. The impact 

of diabetes on survival following myocardial infarction in men vs 

women. The Framingham Study. JAMA. 1988;260:3456–

3460. [PubMed] [Google Scholar] [Ref list 

2. Adeshara K.A., Diwan A.G., Tupe R.S. Diabetes and complications: 

cellular signaling pathways, current understanding and targeted 

therapies. Curr Drug Targets. 2016;17:1309–1328. [PubMed] 

[Google Scholar] 

3. Adler A.I., Stratton I.M., Neil H.A. Association of systolic blood 

pressure with macrovascular and microvascular complications of 

type 2 diabetes (UKPDS 36): prospective observational 

study. BMJ. 2000;321:412–419. [PMC free 

article] [PubMed] [Google Scholar] [Ref list] 

4. Adler A.I., Stratton I.M., Neil H.A. Association of systolic blood 

pressure with macrovascular and microvascular complications of 

type 2 diabetes (UKPDS 36): prospective observational 

study. BMJ. 2000;321:412–419. [PMC free 

article] [PubMed] [Google Scholar] [Ref list] 

5. Adler A.I., Stratton I.M., Neil H.A. Association of systolic blood 

pressure with macrovascular and microvascular complications of 

type 2 diabetes (UKPDS 36): prospective observational 

study. BMJ. 2000;321:412–419. [PMC free 

article] [PubMed] [Google Scholar] [Ref list] 

6. American Diabetes Association. Diagnosis and classification of 

diabetes mellitus. Diabetes Care. 2010 Jan;33 Suppl 1(Suppl 1):S62-

9. doi: 10.2337/dc10-S062. Erratum in: Diabetes Care. 2010 

Apr;33(4):e57. PMID: 20042775; PMCID: PMC2797383 

https://pubmed.ncbi.nlm.nih.gov/2974889
https://scholar.google.com/scholar_lookup?journal=JAMA&title=The+impact+of+diabetes+on+survival+following+myocardial+infarction+in+men+vs+women.+The+Framingham+Study&author=R.D.+Abbott&author=R.P.+Donahue&author=W.B.+Kannel&author=P.W.+Wilson&volume=260&publication_year=1988&pages=3456-3460&pmid=2974889&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib13
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC27455/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC27455/
https://pubmed.ncbi.nlm.nih.gov/10938049
https://scholar.google.com/scholar_lookup?journal=BMJ&title=Association+of+systolic+blood+pressure+with+macrovascular+and+microvascular+complications+of+type+2+diabetes+(UKPDS+36):+prospective+observational+study&author=A.I.+Adler&author=I.M.+Stratton&author=H.A.+Neil&volume=321&publication_year=2000&pages=412-419&pmid=10938049&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib89
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC27455/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC27455/
https://pubmed.ncbi.nlm.nih.gov/10938049
https://scholar.google.com/scholar_lookup?journal=BMJ&title=Association+of+systolic+blood+pressure+with+macrovascular+and+microvascular+complications+of+type+2+diabetes+(UKPDS+36):+prospective+observational+study&author=A.I.+Adler&author=I.M.+Stratton&author=H.A.+Neil&volume=321&publication_year=2000&pages=412-419&pmid=10938049&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib89
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC27455/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC27455/
https://pubmed.ncbi.nlm.nih.gov/10938049
https://scholar.google.com/scholar_lookup?journal=BMJ&title=Association+of+systolic+blood+pressure+with+macrovascular+and+microvascular+complications+of+type+2+diabetes+(UKPDS+36):+prospective+observational+study&author=A.I.+Adler&author=I.M.+Stratton&author=H.A.+Neil&volume=321&publication_year=2000&pages=412-419&pmid=10938049&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib89


14 
 

7. American Diabetes Association. Diagnosis and classification of 

diabetes mellitus. Diabetes Care. 2010 Jan;33 Suppl 1(Suppl 1):S62-

9. doi: 10.2337/dc10-S062. Erratum in: Diabetes Care. 2010 

Apr;33(4):e57. PMID: 20042775; PMCID: PMC2797383 

8. Amerircan Heart Association: High blood pressure. Accessed May 

23 2023, from https://www.heart.org/en/health-topics/high-blood-

pressure/the-facts-about-high-bloodpressure/what-is-high-blood-

pressure 

9. Bailes BK. Diabetes mellitus and its chronic complications. AORN 

J. 2002 Aug;76(2):266-76, 278-82; quiz 283-6. doi: 10.1016/s0001-

2092(06)61065-x. PMID: 12194653 

10. Bakris GL, Sowers JR., American Society of Hypertension Writing 

Group. ASH position paper: treatment of hypertension in patients 

with diabetes-an update. J Clin Hypertens 

(Greenwich). 2008;10:707–13. [PMC free article] 

[PubMed] [Reference list] 

11. Bakris GL, Sowers JR., American Society of Hypertension Writing 

Group. ASH position paper: treatment of hypertension in patients 

with diabetes-an update. J Clin Hypertens 

(Greenwich). 2008;10:707–13. [PMC free article] 

[PubMed] [Reference list] 

12. Balkau B., Eschwège E., Papoz L. Risk factors for early death in 

non-insulin dependent diabetes and men with known glucose 

tolerance status. BMJ. 1993;307:295–299. [PMC free 

article] [PubMed] [Google Scholar] [Ref list 

13. Carey RM, Whelton PK. New findings bearing on the prevention, 

detection and management of high blood pressure. Curr Opin 

Cardiol. 2021 Jul 1;36(4):429-435. doi: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8673265/
https://pubmed.ncbi.nlm.nih.gov/18844766
https://www.ncbi.nlm.nih.gov/books/NBK279027/#hypertension-diab.REF.26
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8673265/
https://pubmed.ncbi.nlm.nih.gov/18844766
https://www.ncbi.nlm.nih.gov/books/NBK279027/#hypertension-diab.REF.26
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1678578/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1678578/
https://pubmed.ncbi.nlm.nih.gov/8374376
https://scholar.google.com/scholar_lookup?journal=BMJ&title=Risk+factors+for+early+death+in+non-insulin+dependent+diabetes+and+men+with+known+glucose+tolerance+status&author=B.+Balkau&author=E.+Eschw%C3%A8ge&author=L.+Papoz&volume=307&publication_year=1993&pages=295-299&pmid=8374376&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib14


15 
 

10.1097/HCO.0000000000000864. PMID: 34059611; PMCID: 

PMC8175002 

14. Center for disease control and prevention. Retrieved May 12, 2023. 

https://www.cdc.gov/heartdisease/statistics_maps.htm 

15. Centers for Disease Control and Prevention. National Diabetes 

Statistics Report, 2020. Atlanta, GA: Centers for Disease Control 

and Prevention, U.S. Dept of Health and Human Services; 

2020. [Reference list] 

16. Climie, R. E., van Sloten, T. T., Bruno, R. M., Taddei, S., Empana, 

J. P., Stehouwer, C. D., ... & Laurent, S. (2019). Macrovasculature 

and microvasculature at the crossroads between type 2 diabetes 

mellitus and hypertension. Hypertension, 73(6), 1138-1149. 

17. Commodore-Mensah Y, Turkson-Ocran RA, Foti K, Cooper LA, 

Himmelfarb CD. Associations Between Social Determinants and 

Hypertension, Stage 2 Hypertension, and Controlled Blood Pressure 

Among Men and Women in the United States. Am J Hypertens. 

2021 Aug 9;34(7):707-717. doi: 10.1093/ajh/hpab011. PMID: 

33428705; PMCID: PMC8351505. 

18. Deshpande AD, Harris-Hayes M, Schootman M. Epidemiology of 

diabetes and diabetes-related complications. Phys Ther. 2008 

Nov;88(11):1254-64. doi: 10.2522/ptj.20080020. Epub 2008 Sep 

18. PMID: 18801858; PMCID: PMC3870323. 

19. Emdin, C. A., Anderson, S. G., Woodward, M., & Rahimi, K. 

(2015). Usual Blood Pressure and Risk of New-Onset Diabetes: 

Evidence From 4.1 Million Adults and a Meta-Analysis of 

Prospective Studies. Journal of the American College of Cardiology, 

66(14), 1552–1562. https://doi.org/10.1016/j.jacc.2015.07.059 \ 

https://www.cdc.gov/heartdisease/statistics_maps.htm
https://www.ncbi.nlm.nih.gov/books/NBK279027/#hypertension-diab.REF.1
https://doi.org/10.1016/j.jacc.2015.07.059%20/


16 
 

20. Ferrannini E., DeFronzo R.A. Impact of glucose-lowering drugs on 

cardiovascular disease in type 2 diabetes. Eur Heart 

J. 2015;36:2288–2296. [PubMed] [Google Scholar] [Ref list] 

21. Fong D.S., Aiello L.P., Ferris F.L., 3rd, Klein R. Diabetic 

retinopathy. Diabetes Care. 2004;27:2540–2553. [PubMed] [Google 

Scholar] 

22. Giles, T. D., Materson, B. J., Cohn, J. N., & Kostis, J. B. (2009). 

Definition and classification of hypertension: an update. Journal of 

clinical hypertension (Greenwich, Conn.), 11(11), 611–614. 

https://doi.org/10.1111/j.1751-7176.2009.00179.x 

23. Guzik TJ, Cosentino F. Epigenetics and immunometabolism in 

diabetes and aging [e-pub ahead of print]. Antiox Redox 

Signal https://doi.org/10.1089/ars.2017.7299. [PMC free 

article] [PubMed] [Ref list] 

24. Hill M, Yanag Y, Zhang L, Sun Z. jia G, Sowers J Parrish A, Insulin 

resistance, cardiovascular stiffening, cardiovascular 

disease. Metabolism Clinical 

Experimental. 2021;119:154766. [PubMed] [Reference list 

25. Juutilainen A., Lehto S., Rönnemaa T., Pyörälä K., Laakso M. Type 

2 diabetes as a “coronary heart disease equivalent”: an 18-year 

prospective population-based study in Finnish subjects. Diabetes 

Care. 2005;28:2901–2907. [PubMed] [Google Scholar] [Ref list 

26. Kattoor A.J., Pothineni N.V.K., Palagiri D., Mehta J.L. Oxidative 

stress in atherosclerosis. Curr Atheroscler 

Rep. 2017;19:42. [PubMed] [Google Scholar] [Ref list] 

27. Meissner A., Miro F., Jimenez-Altayo F. Sphingosine-1-phosphate 

signalling-a key player in the pathogenesis of angiotensin II-induced 

hypertension. Cardiovasc Res. 2017;113:123–

133. [PubMed] [Google Scholar] [Ref list] 

https://pubmed.ncbi.nlm.nih.gov/26063450
https://scholar.google.com/scholar_lookup?journal=Eur+Heart+J&title=Impact+of+glucose-lowering+drugs+on+cardiovascular+disease+in+type+2+diabetes&author=E.+Ferrannini&author=R.A.+DeFronzo&volume=36&publication_year=2015&pages=2288-2296&pmid=26063450&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib88
https://doi.org/10.1111/j.1751-7176.2009.00179.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6012980/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6012980/
https://pubmed.ncbi.nlm.nih.gov/28891325
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib59
https://pubmed.ncbi.nlm.nih.gov/33766485
https://www.ncbi.nlm.nih.gov/books/NBK279027/#hypertension-diab.REF.7
https://pubmed.ncbi.nlm.nih.gov/16306552
https://scholar.google.com/scholar_lookup?journal=Diabetes+Care&title=Type+2+diabetes+as+a+%E2%80%9Ccoronary+heart+disease+equivalent%E2%80%9D:+an+18-year+prospective+population-based+study+in+Finnish+subjects&author=A.+Juutilainen&author=S.+Lehto&author=T.+R%C3%B6nnemaa&author=K.+Py%C3%B6r%C3%A4l%C3%A4&author=M.+Laakso&volume=28&publication_year=2005&pages=2901-2907&pmid=16306552&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib11
https://pubmed.ncbi.nlm.nih.gov/28921056
https://scholar.google.com/scholar_lookup?journal=Curr+Atheroscler+Rep&title=Oxidative+stress+in+atherosclerosis&author=A.J.+Kattoor&author=N.V.K.+Pothineni&author=D.+Palagiri&author=J.L.+Mehta&volume=19&publication_year=2017&pages=42&pmid=28921056&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib10
https://pubmed.ncbi.nlm.nih.gov/28082452
https://scholar.google.com/scholar_lookup?journal=Cardiovasc+Res&title=Sphingosine-1-phosphate+signalling-a+key+player+in+the+pathogenesis+of+angiotensin+II-induced+hypertension&author=A.+Meissner&author=F.+Miro&author=F.+Jimenez-Altayo&volume=113&publication_year=2017&pages=123-133&pmid=28082452&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib60


17 
 

28. Meissner A., Miro F., Jimenez-Altayo F. Sphingosine-1-phosphate 

signalling-a key player in the pathogenesis of angiotensin II-induced 

hypertension. Cardiovasc Res. 2017;113:123–

133. [PubMed] [Google Scholar] [Ref list] 

29. Mohammedi K., Woodward M., Marre M. Comparative effects of 

microvascular and macrovascular disease on the risk of major 

outcomes in patients with type 2 diabetes. Cardiovasc 

Diabetol. 2017;16:95. [PMC free article] [PubMed] [Google 

Scholar] [Ref list] 

30. Nouh, F., Omar, M., & Younis, M. (2017). Prevalence of 

hypertension among diabetic patients in Benghazi: a study of 

associated factors. Asian Journal of Medicine and Health, 6(4), 1- 

11. 

31. Ogurtsova K., da Rocha Fernandes J.D., Huang Y. IDF Diabetes 

Atlas: Global estimates for the prevalence of diabetes for 2015 and 

2040. Diabetes Res Clin Pract. 2017;128:40–

50. [PubMed] [Google Scholar] [Ref list] 

32. Ogurtsova K., da Rocha Fernandes J.D., Huang Y. IDF Diabetes 

Atlas: Global estimates for the prevalence of diabetes for 2015 and 

2040. Diabetes Res Clin Pract. 2017; 128:40–

50. [PubMed] [Google Scholar] [Ref list] 

33. Ogurtsova K., da Rocha Fernandes J.D., Huang Y. IDF Diabetes 

Atlas: Global estimates for the prevalence of diabetes for 2015 and 

2040. Diabetes Res Clin Pract. 2017; 128:40–

50. [PubMed] [Google Scholar] [Ref list] 

34. Ogurtsova K., da Rocha Fernandes J.D., Huang Y. IDF Diabetes 

Atlas: Global estimates for the prevalence of diabetes for 2015 and 

2040. Diabetes Res Clin Pract. 2017;128:40–

50. [PubMed] [Google Scholar] [Ref list] 

https://pubmed.ncbi.nlm.nih.gov/28082452
https://scholar.google.com/scholar_lookup?journal=Cardiovasc+Res&title=Sphingosine-1-phosphate+signalling-a+key+player+in+the+pathogenesis+of+angiotensin+II-induced+hypertension&author=A.+Meissner&author=F.+Miro&author=F.+Jimenez-Altayo&volume=113&publication_year=2017&pages=123-133&pmid=28082452&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib60
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5530952/
https://pubmed.ncbi.nlm.nih.gov/28750645
https://scholar.google.com/scholar_lookup?journal=Cardiovasc+Diabetol&title=Comparative+effects+of+microvascular+and+macrovascular+disease+on+the+risk+of+major+outcomes+in+patients+with+type+2+diabetes&author=K.+Mohammedi&author=M.+Woodward&author=M.+Marre&volume=16&publication_year=2017&pages=95&pmid=28750645&
https://scholar.google.com/scholar_lookup?journal=Cardiovasc+Diabetol&title=Comparative+effects+of+microvascular+and+macrovascular+disease+on+the+risk+of+major+outcomes+in+patients+with+type+2+diabetes&author=K.+Mohammedi&author=M.+Woodward&author=M.+Marre&volume=16&publication_year=2017&pages=95&pmid=28750645&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib37
https://pubmed.ncbi.nlm.nih.gov/28437734
https://scholar.google.com/scholar_lookup?journal=Diabetes+Res+Clin+Pract&title=IDF+Diabetes+Atlas:+Global+estimates+for+the+prevalence+of+diabetes+for+2015+and+2040&author=K.+Ogurtsova&author=J.D.+da+Rocha+Fernandes&author=Y.+Huang&volume=128&publication_year=2017&pages=40-50&pmid=28437734&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib1
https://pubmed.ncbi.nlm.nih.gov/28437734
https://scholar.google.com/scholar_lookup?journal=Diabetes+Res+Clin+Pract&title=IDF+Diabetes+Atlas:+Global+estimates+for+the+prevalence+of+diabetes+for+2015+and+2040&author=K.+Ogurtsova&author=J.D.+da+Rocha+Fernandes&author=Y.+Huang&volume=128&publication_year=2017&pages=40-50&pmid=28437734&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib1
https://pubmed.ncbi.nlm.nih.gov/28437734
https://scholar.google.com/scholar_lookup?journal=Diabetes+Res+Clin+Pract&title=IDF+Diabetes+Atlas:+Global+estimates+for+the+prevalence+of+diabetes+for+2015+and+2040&author=K.+Ogurtsova&author=J.D.+da+Rocha+Fernandes&author=Y.+Huang&volume=128&publication_year=2017&pages=40-50&pmid=28437734&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib1
https://pubmed.ncbi.nlm.nih.gov/28437734
https://scholar.google.com/scholar_lookup?journal=Diabetes+Res+Clin+Pract&title=IDF+Diabetes+Atlas:+Global+estimates+for+the+prevalence+of+diabetes+for+2015+and+2040&author=K.+Ogurtsova&author=J.D.+da+Rocha+Fernandes&author=Y.+Huang&volume=128&publication_year=2017&pages=40-50&pmid=28437734&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib1


18 
 

35. Ogurtsova K., da Rocha Fernandes J.D., Huang Y. IDF Diabetes 

Atlas: Global estimates for the prevalence of diabetes for 2015 and 

2040. Diabetes Res Clin Pract. 2017;128:40–

50. [PubMed] [Google Scholar] [Ref list] 

36. Oparil S, Zaman MA, Calhoun DA. Pathogenesis of 

hypertension. Ann Intern Med. 2003;139(9):761–

776. [PubMed] [Reference list] 

37. Ostchega Y, Fryar CD, Nwankwo T, Nguyen DT. Hypertension 

Prevalence Among Adults Aged 18 and Over: United States, 2017-

2018. NCHS Data Brief. 2020 Apr;(364):1-8. PMID: 32487290. 

38. Pantalone K.M., Hobbs T.M., Wells B.J. Clinical characteristics, 

complications, comorbidities and treatment patterns among patients 

with type 2 diabetes mellitus in a large integrated health system. 

BMJ Open Diabetes Res Care. 2015;3:e000093. [PMC free article] 

[PubMed] [Google Scholar] 

39. Petrie J.R. The cardiovascular safety of incretin-based therapies: a 

review of the evidence. Cardiovasc Diabetol. 2013;12:130. [PMC 

free article] [PubMed] [Google Scholar] [Ref list] 

40. Ruta L.M., Magliano D.J., Lemesurier R. Prevalence of diabetic 

retinopathy in type 2 diabetes in developing and developed 

countries. Diabet Med. 2013;30:387–398. [PubMed] [Google 

Scholar] 

41. Schmidt A. M. (2018). Highlighting Diabetes Mellitus: The 

Epidemic Continues. Arteriosclerosis, thrombosis, and vascular 

biology, 38(1), e1–e8. 

https://doi.org/10.1161/ATVBAHA.117.310221 

42. Sjølie A.K., Klein R., Porta M. Effect of candesartan on progression 

and regression of retinopathy in type 2 diabetes (DIRECT-Protect 

https://pubmed.ncbi.nlm.nih.gov/28437734
https://scholar.google.com/scholar_lookup?journal=Diabetes+Res+Clin+Pract&title=IDF+Diabetes+Atlas:+Global+estimates+for+the+prevalence+of+diabetes+for+2015+and+2040&author=K.+Ogurtsova&author=J.D.+da+Rocha+Fernandes&author=Y.+Huang&volume=128&publication_year=2017&pages=40-50&pmid=28437734&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib1
https://pubmed.ncbi.nlm.nih.gov/14597461
https://www.ncbi.nlm.nih.gov/books/NBK279027/#hypertension-diab.REF.2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3847044/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3847044/
https://pubmed.ncbi.nlm.nih.gov/24011363
https://scholar.google.com/scholar_lookup?journal=Cardiovasc+Diabetol&title=The+cardiovascular+safety+of+incretin-based+therapies:+a+review+of+the+evidence&author=J.R.+Petrie&volume=12&publication_year=2013&pages=130&pmid=24011363&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib103
https://doi.org/10.1161/ATVBAHA.117.310221


19 
 

2): a randomised placebo-controlled trial. Lancet. 2008;372:1385–

1393. [PubMed] [Google Scholar] [Ref list] 

43. Sowers JR. Diabetes mellitus and vascular 

disease. Hypertension. 2013;61(5):943–7. [PMC free article] 

[PubMed] [Reference list] 

44. Steven S., Hollingsworth K.G., Small P.K. Weight loss decreases 

excess pancreatic triacylglycerol specifically in type 2 

diabetes. Diabetes Care. 2016;39:158–165. [PubMed] [Google 

Scholar] [Ref list 

45. Zilbermint, M., Hannah-Shmouni, F., & Stratakis, C. A. (2019). 

Genetics of Hypertension in African Americans and Others of 

African Descent. International journal of molecular sciences, 20(5), 

1081. https://doi.org/10.3390/ijms2005108 

 

https://pubmed.ncbi.nlm.nih.gov/18823658
https://scholar.google.com/scholar_lookup?journal=Lancet&title=Effect+of+candesartan+on+progression+and+regression+of+retinopathy+in+type+2+diabetes+(DIRECT-Protect+2):+a+randomised+placebo-controlled+trial&author=A.K.+Sj%C3%B8lie&author=R.+Klein&author=M.+Porta&volume=372&publication_year=2008&pages=1385-1393&pmid=18823658&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib38
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3648858/
https://pubmed.ncbi.nlm.nih.gov/23595139
https://www.ncbi.nlm.nih.gov/books/NBK279027/#hypertension-diab.REF.6
https://pubmed.ncbi.nlm.nih.gov/26628414
https://scholar.google.com/scholar_lookup?journal=Diabetes+Care&title=Weight+loss+decreases+excess+pancreatic+triacylglycerol+specifically+in+type+2+diabetes&author=S.+Steven&author=K.G.+Hollingsworth&author=P.K.+Small&volume=39&publication_year=2016&pages=158-165&pmid=26628414&
https://scholar.google.com/scholar_lookup?journal=Diabetes+Care&title=Weight+loss+decreases+excess+pancreatic+triacylglycerol+specifically+in+type+2+diabetes&author=S.+Steven&author=K.G.+Hollingsworth&author=P.K.+Small&volume=39&publication_year=2016&pages=158-165&pmid=26628414&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953551/#bib95

