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Abstract 

Systemic arterial hypertension is considered a 

significant cardiovascular risk factor and is found in up 

to 2/3rd of patients with T2DM. Multiple clinical trials 

and research studies have been done to check the 

benefits of controlled BP in the patients with T2DM. 

Studies showed that people with higher BP targets in 

diabetic patients have general recommendations of 

systolic blood pressure <140 mmHg and diastolic blood 

pressure <90 mmHg. The multiple interlinked pathways 

are participated in the pathophysiological mechanisms 

that contributing to the increased risks of cardiovascular 

complications, including hypertension in diabetic 

patients. The therapeutic implications include pharma-

cological and non-pharmacological interventions to 

control systemic arterial hypertension. Non-

pharmacological approaches consist of lifestyle 

modifications, DASH diet, and sodium restriction. The 

pharmacological interventions include angiotensin 

inhibitors, calcium channel blockers, and thiazide-type 

diuretics, and these drugs have proven effective against 

hypertension in diabetic patients. In addition, the 

management of blood pressure is another significant 

factor in controlling hypertension, and this helps in 

monitoring the effectiveness of the treatment. 

Furthermore, Telehealth and Renal Denervation are two 

practical approaches that have been used in RCTs for 

BP control in hypertensive patients and have shown 

effective results. 
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1. Introduction 

Type-2 diabetes mellitus affects more than seven 

million people leads to the 2.8 million hospitalizations 
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and more than the 300,000 deaths reported annually. 

Studies showed that improved glycemic control could 

lower the progression and onset of the microvascular 

complications, but this glycemic control on CVD 

complications has not been determined yet [1]. Studies 

also reported that impaired glucose metabolism in an 

individual is likely related with the increased risk of 

systemic arterial hypertension and CVD complications 

[2]. HTN is present in approximately 50% of T2DM 

patients and the risk of peripheral vascular disease, 

cardiac disease, retinopathy, nephropathy, and stroke 

has increased. The patients who have type-2 diabetes 

are at more risk of developing systemic arterial 

hypertension than non-diabetic individuals [3] T2DM 

increases the peripheral and central arterial stiffness, 

leading to the increase of blood pressure [2].  

 

Data reported that systemic arterial hypertension in 

type-2 diabetic patients is more harmful in developing 

countries due to a lack of adequate preventive and 

management programs for cardiovascular diseases. The 

“American Diabetes Association” and the “European 

Association for the Study of Diabetes” demonstrated 

that proper management of CVD risk factors including 

control of “high blood pressure and management of 

obesity”, maybe even more beneficial in patients with 

T2DM due to their more risk of developing CVD 

morbidity and mortality [4]. This literature review 

describes the relationship of type-2 diabetes with 

systemic arterial hypertension, potential risk factors, 

epidemiology, treatment, and management of 

hypertension in diabetic individuals.  

 

1.1 Epidemiology 

Studies reported that systemic arterial hypertension is 

more prevalent in men than in women in non-diabetic 

individuals. However, women with T2DM and the 

impaired glucose tolerance have higher incidence rate of 

HTN than men. Furthermore, type-2 diabetic females 

possess a greater risk of death from CVD than males, 

and the reason underlying this cause is still unclear [5]. 

Data also showed that the prevalence of hypertension is 

varied in different ethnic groups. When compared, the 

incidence rate of HTN with T2DM is more prevalent in 

“African-Americans than Caucasians” between the age 

of 45 and 75 years [6]. A higher rate of “obesity, genetic 

predisposition, and environmental factors” are 

considered responsible factors in these populations. In 

the “African-American” populations prevalence of HTN 

and T2DM than other ethnic groups have been observed 

[3].  

 

On the other hand, a recent report of the “NHANES 

1999-2008” data showed that the American-Mexican 

populations have an increased prevalence rate of DM 

and HTN and a less risk of co-existent HTN and DM 

when compared with the “African-Americans and 

Caucasian participants” [6]. Several factors contribute 

to the increased coexistence of T2DM and hypertension. 

In one study conducted by “The multicenter Treatment 

Options for DM in Adolescents and Youth (TODAY) 

trial,” among adolescents who suffered from diabetes 

aged between 10–17 years old, indicated that the 

prevalence of hypertension increased from “11.6% at 

baseline to 33.8%” [7]. Furthermore, it is reported that 

there are particular subpopulations in which the 

coexistence of type-2 diabetes and systemic arterial 

hypertension can pose some serious risks. Women in 

their gestation period are more at risk for pre-eclampsia 

due to hypertension caused by diabetes. Besides this, the 

higher incidence of childhood type-2-diabetes is 

alarming and worrisome, as CVD risk factors early in 

life can cause accelerated atherosclerosis with aging [8]. 

 

1.2 Common causes of hypertension due to type-2 

diabetes 

Diabetic nephropathy is one of the most reported cause  

of hypertension in the diabetic patients. Those patients  
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who have T2DM can develop abnormal renal 

functioning. Type-2 diabetes (T2DM) and insulin 

resistance (IR) can stimulate the SNS and the renin-

angiotensin system and promote Na+1 retention. Also, 

T2DM is associated with the enhanced proliferation of 

vascular smooth muscle cells. Increased BP and high 

glucose level in the blood can damage the endothelial 

cells of the heart and ultimately cause oxidative damage 

[8].  

 

2. Pathophysiology 

T2DM and systemic arterial hypertension possess 

several pathophysiologic mechanisms such as the 

inappropriate activation of the "renin-angiotensin-

aldosterone system" (RAAS), impaired insulin-mediated 

vasodilation, escalated sympathetic nervous system 

activation, impaired immune responses, and 

dysfunctioning of renal handling of Na+1 retention [9]. 

Also, increased visceral adiposity and obesity are 

considered contributing factors behind hypertension and 

type-2 diabetes' co-existence [10]. Studies showed that 

oxidative stress and inflammation in the adipose tissues 

cause more angiotensinogen production (AGT) and 

angiotensin-II, which ultimately triggers the RAAS 

activation.  

 

Moreover, scientific studies revealed that the 

overexpression of the angiotensinogen in white adipose 

tissues (WAT) results in the elevated blood pressure 

[11]. AGT and Ang-II proved to have a local and 

systemic effects on the blood pressure regulation. 

Angiotensin-II exerts its effect via activation of the 

Ang-II type-1 receptor. When this receptor is activated, 

several physiological responses in non-adrenal tissues 

have been reported, such as the production of ROS, 

endothelial dysfunctioning, IR, and hypertension. 

Hence, it is reported that RAAS activation has a 

significant effect on the co-existence of diabetes 

mellitus and hypertension [12]. 

 

Studies reported another mechanism is the increased 

production of aldosterone hormone and signaling 

cascade via mineralocorticoid receptor (MR); these two 

signaling pathways play an integral role in 

hypertension's pathogenesis. Studies revealed that 

corticosteroids contributed to cardiovascular disease in 

diabetic patients through the activation of the MR [13]. 

On the other hand, adipose tissues produce a lipid-

soluble factor that further stimulates aldosterone 

production from the region of adrenal zona glomerulosa. 

A study reported that "Complement-C1q TNF-related 

protein-1" (CTRP1) is an adipokine it facilitates the 

production of aldosterone in the rodent model of IR and 

obesity. When the aldosterone produced in the tubules 

of kidneys it enhances sodium retention, and leads to the 

plasma volume expansion and increased BP [14].  

 

Furthermore, aldosterone strives for non-genomic 

actions via MR activation that contributes to systemic 

arterial hypertension by changing cellular redox states, 

altering signaling cascades, and endothelial-mediated 

vascular relaxation. However, adipose tissues promote 

the systemic increase in blood pressure via the local 

production of RAAS components [15].  
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Figure 1: Inter-linked pathophysiologic mechanisms that increase the risk of CVD complications in HTN and 

diabetic patients [10]. 

 

2.1 Role of overweight and insulin resistance in D2M 

and HTN 

In one Strong Heart Study, baseline measurements were 

predicted for hypertension, including elevations in the 

baseline systolic BP, waist circumference, left 

ventricular mass, and diabetes mellitus. Furthermore, 

another longitudinal study was observed and revealed 

that parental HTN has an age-independent impact on 

both male and female offspring in BP elevations, blood 

glucose levels, and triglyceride levels [16].  

 

Moreover, this study demonstrated that insulin 

resistance was the underlying pathophysiologic factor 

contributing to hypertension. A longitudinal study 

indicated an increase in BMI and the waist 

circumference was attributed to an increased risk of 

developing “blood pressure, left ventricular 

hypertrophy, impaired blood glucose level, and diabetes  

mellitus” [17]. 

2.2 Role of hormonal and neuroendocrine factors in 

D2M and HTN 

A sedentary lifestyle and excessive calorie intake 

promote insulin resistance and due to this, metabolic 

signaling response of insulin in the liver, muscle cells, 

and adipose tissues becomes impaired. This altered 

signaling cascade of insulin metabolic pathway 

promotes the enhanced expression of the vascular 

adhesion molecule, inflammation, oxidative damage, 

and decreased vascular bioavailable NO. Studies 

showed that reduced bioavailability of NO decreases 

endothelial-mediated vascular relaxation and facilitates 

vascular stiffness [18]. However, IR and obesity are 

linked with the inappropriate stimulation and activation 

of the RAAS and the sympathetic nervous system. 

Research findings indicated that RAAS activation in 

obesity condition, increase the propensity of IR, DM, 

hypertension, and CVD [19].  
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Current evidence suggested that Ang-II and aldosterone 

act via non-genomic pathways and promote IR through 

the activation of serine kinases. An increase in the 

serine kinase activation promotes the insulin signaling 

molecule phosphorylation. The “insulin receptor 

substrate protein-1” ultimately leads to the impairment 

of “phosphoinositol-3-kinase and protein kinase-B 

activation and diminished insulin metabolic signaling, 

and as a result, defective NO-mediated vascular 

relaxation” [20, 21]. 

 

2.3 Oxidative stress and HTN 

Research studies demonstrated that oxidative stress and 

damage plays an integral role in developing IR, diabetes 

mellitus, and hypertension. Several cells in the body in 

which ROS produces include the vascular smooth 

muscle cells via xanthine oxidase (XO), endothelial 

cells, mitochondrial respiratory chain, and nitric oxide 

synthase [22]. These ROS cause the damage of 

endothelial functioning by tissue injury directly, the 

impairment of NO-mediated vasodilation, and the 

decreased bioavailability of NO. In addition, it is 

indicated that xanthine oxidase (XO) and mitochondrial 

oxidative stress lead to the excess production of ROS in 

the diabetic individuals and cause hypertension. Studies 

revealed that ROS overproduction causes inflammation 

in the body by activating inflammatory cascades such as 

“NF-kB” and damages the tissues [23]. Inflammation is 

attributed to the adhesion molecules' enhanced activity, 

cytokines such as “tumor necrosis factor, interleukin-6, 

acute phase reactants, including C-reactive protein”.  

 

Furthermore, “mechanical stretch, a characteristic 

phenomenon in systemic arterial hypertension,” led to 

the stimulation of “p47phox” and “Rac1”, thus guides to 

the “NADPH oxidase activation”. The hormone 

aldosterone and Ang-II can also turn on the NADPH 

oxidase and set off oxidative stress and cause damage 

[24]. 

2.4 Diabetic cardiomyopathy 

Diabetic cardiomyopathy is a diseased condition in 

diabetes mellitus patients and it is characterized by 

defective diastolic function. One study reported that this 

illness is observed in chemically-induced-inusliopenic 

and genetically pre-disposed insulin-resistant rodents. 

Studies revealed that this a myopathic state in which 

potassium and sodium channels function become altered 

[25].  

 

Also, calcium-ATPase channels and sodium-calcium 

exchanger function and abnormalities of protein kinase 

C metabolism have been observed. Due to these 

observed complications, patients with type-2 diabetes 

are likely at more risk of developing systemic arterial 

hypertension [26]. 

 

3. Therapeutic Implications for Systemic 

Arterial Hypertensive Patients Non-

pharmacological Approach  

3.1 Lifestyle modifications  

Studies reported that lifestyle modifications such as 

dietary alterations, diet low in salt, more physical 

activity daily, restriction on alcohol use had shown 

potential results to reduce blood pressure. Low saturated 

fat intake and more dietary fiber use showed significant 

results in BP and reduction in diabetes [27]. 

 

4. Dietary Approach to Stop Hypertension 

(DASH) 

The “Dietary Approach to Stop Hypertension” (DASH) 

is a nutritional linked strategy employed by the US 

“National Heart, Lungs and Blood Institute” (NHLBI). 

It is a nutritional and non-pharmacological approach to 

control hypertension. The DASH diet includes foods 

rich in vegetables, fruits, low saturated fat products, 

whole grains; diets low in sweets and refined grains 

have proven beneficial metabolic and cardiovascular 
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results in diabetic patients [28]. The DASH diet helps 

reduces BP and the waist circumference and helps 

maintain body weight and blood glucose levels. This 

nutritional strategy plays a vital role in the lowering of 

LDL cholesterol and improves HDL cholesterol. 

Besides, the DASH diet is proven effective in the 

reduction of inflammatory molecules in diabetes 

mellitus patients [29]. 

 

4.1 Sodium restriction 

Studies reported that excessive use of sodium 

contributed to the risk of CVD and hypertension. 

Different clinical trials have shown that reduction of 

sodium in diet effectively lowers the BP. The systolic 

and diastolic BP reduced on an average “1mm Hg in 

normal people and 2-4 mm Hg” in hypertensive 

individuals. In another study, it is reported that 

oxidative stress reduction has been observed due to less 

sodium consumption on the cardiovascular remodeling 

in an insulin resistance model in the rats [30]. However, 

it is concluded that less use of dietary sodium has 

potential effects in lowering BP, hypertension, and other 

cardiovascular events [31].  

 

4.2 Increased aerobic physical activity  

Physical inactivity is reported as a significant 

underlying cause of cardiovascular diseases. Moreover, 

healthy dietary patterns, enhanced aerobic physical 

activity daily is an essential factor in these patients. 

Studies reported that the 30-to-45 minutes of brisk 

walking 3-to-5 days weekly had improved lipid profiles, 

blood pressure, and an insulin resistance [32]. 

 

5. Pharmacological Therapy 

5.1 Angiotensin receptor blockers (ARBs)  

The “Ang-II converting enzyme inhibitors” decreases 

the Ang-II activity, and as a result, decreased blood 

pressure, vasodilation, and improvement on the cardiac 

and renal tissues have been observed. In one "Heart 

Outcome Prevention Evaluation" study, the ACE 

inhibitor's potential effects vs. placebo/control on 

cardiovascular complications were compared. In this 

study, 25% risk reduction was observed in 

cardiovascular complications [33]. In a "MICRO-

HOPE" study, beneficial effects of Ramipril were 

observed on cardiovascular disease patients and diabetes 

mellitus patients.  

 

Moreover, RAAS blockades play a vital role in the 

lowering of BP in the hypertensive patients, improves 

insulin resistance in the diabetic patients, controls the 

oxidative damage, and improves the vascular function 

[34].  
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Figure 2: Therapeutic implications for the treatment of hypertension in diabetic individuals [35]. 

 

5.2 Calcium channel blockers (CCBs) 

CCBs are proven effective against hypertension and 

have been broadly studied. Studies reported that ACE-I 

and CCBs have remarkably reduced cardiovascular 

complications in diabetic hypertensive patients. In 

another study, it is indicated that amlodipine 

significantly reduces cardiovascular complications in 

diabetic patients compared to beta-blockers [36].  

  

5.3 Thiazide-type diuretics 

Thiazide-type diuretics have been widely used against 

systemic arterial hypertension for a long time. In one 

study, it is reported that the diuretic chlorthalidone was 

proven beneficial in reducing CVD morbidity and 

mortality [37]. Another thiazide-type diuretic 

indapamide reduces the stroke and a risk of heart failure 

in old hypertensive patients [3, 38].  

 

5.4 BP control in diabetic patients 

Clinical studies showed that the patients who are treated 

in such a way to have lower BP targets are at lower risk 

of developing CVD complications and the diabetic 

nephropathy. Combination therapy with different 

medications plays an essential role in BP control in 

hypertensive patients, but some drug-induced side 

effects have also been reported. Different clinical trials 
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have been done to determine the significance of BP in 

patients with diabetes mellitus [39]. In one HOPE study, 

it is demonstrated that reducing BP is linked with the 

less risk of developing cardiovascular complications. In 

an ADVANCE clinical trial study, it is shown that there 

is a lower risk of developing CVD complications in 

lower BP group individuals and less mortality rate. 

Studies suggested that a maximal BP control in the 

diabetic patients is obtained with systolic BP between 

“130-to-135 mmHg and diastolic BP of 80-to-85 mm 

Hg” [3].  

 

5.5 Future perspectives 

Treatment of hypertension in diabetic patients remains 

challenging and demands advanced therapeutic 

approaches. Telehealth and renal denervation are two of 

one of the emerging measures for the treatment of 

hypertensive patients [40]. The use of Telehealth helps 

in the exchange of information quickly through 

electronic communications in order to improve patient’s 

health status. A randomized controlled trial was 

conducted to measure the Telehealth outcomes for 

hypertension in diabetic individuals, and it showed the 

decrease in the systolic BP in patients was observed 

[40]. The stimulation of the “renal sympathetic nerves” 

imparts a vital role in the pathogenies of HTN. The 

“Renal denervation is a spercutaneous catheter-based 

strategy” that disrupts the renal nerves via the process of 

the radiofrequency ablation. In one RCT, the efficacy of 

renal denervation was evaluated in the hypertensive 

patients [41]. BP measurements were significantly 

reduced by “32-12 mm Hg (baseline of 178/96mm Hg) 

in the hypertensive patients”, and this reduction 

persisted after six months [41, 42]. 

 

6. Conclusion 

Individuals with co-existing hypertension and diabetes 

mellitus are more likely to develop cardiovascular 

disease and DM hypertensive microvascular 

complications. Recent research studies and randomized 

controlled trials have recommended the target “systolic 

and diastolic BP of 140 mmHg and <90 mmHg” 

respectively. In diabetic hypertensive patients, several 

anti-hypertensive medications such as ACE-I and CCBs 

are required for treatment purposes. Choice of the drug, 

side effects of the drug, and cost are essential factors 

that need to be considered for hypertension 

management. Lifestyle modifications, DASH diet, 

restricted sodium intake, and enhanced physical activity 

have potential effects, not on BP control but also lipid 

profile, glycemic control, and CVD risk. Further 

research is needed to understand better the pathogenetic 

mechanisms and advanced therapeutic implications for 

diabetic hypertensive patients.  
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