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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. 
Judicious selection of therapy and consideration of 
relevant side-effect profiles is paramount. The 
potential for both beneficial and detrimental drug 
interactions must be kept in mind and drug 
combinations should be chosen after due deliberation. 
Angiotensin converting enzyme inhibitors and 
angiotensin receptor blockers remain preferred agents 
for initiation of antihypertensive therapy, while 
combined use of these agents is not recommended 
due to poor renal outcomes. With the advent of newer 
antidiabetic agents such as SGLT inhibitors and GLP1 
receptor agonists, consideration should be given to 
their antihypertensive, renal, and cardiovascular 
disease lowering properties when initiating therapy for 
glycemic control. 
 
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% 
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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. 
 
The increasing prevalence of T2DM in the general 
population has expectedly been paralleled by a rise in 
microvascular and macrovascular complications. 
Despite major advances in healthcare delivery, 
diabetes mellitus continues to be the leading cause of 
blindness, end stage renal disease (ESRD), and non-
traumatic lower limb amputations in the US as well as 
the seventh leading cause of death as of 2017 (1). 
While optimal glycemic control remains paramount in 
the prevention of microvascular complications 
(retinopathy, nephropathy, and neuropathy), 
concurrent cardiometabolic derangements such as 
hypertension and dyslipidemia play a pivotal role in the 
initiation and progression of macrovascular disease 
(ischemic heart disease, stroke, and peripheral 
vascular disease) (3). Effective management of 
diabetes should therefore include a multifaceted 
approach combining optimal control of blood pressure 

and lipids with appropriate glycemic control (4). This 
chapter will focus on the management of hypertension 
in patients with diabetes. 
 
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 pathogenesis of 
hypertension and have been targeted for therapeutic 
interventions (2,5). 
 
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 (6,7).  
 
Elevated Intravascular Volume 
 
Intravascular volume is strongly influenced by total 
body sodium content. Sodium is the major 
extracellular cation in human beings, and possesses 
osmotic activity which helps determine effective 
arterial blood volume. A mismatch between sodium 
intake and sodium loss can result in a positive sodium 
balance. The ensuing increase in intravascular sodium 
concentration stimulates an influx of water along the 
osmotic gradient, thus raising intravascular volume. 
Elevated intravascular volume consequently 
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increases venous return to the heart boosting cardiac 
output in accordance with the Frank Starling Law, and 
this process eventually leads to elevated arterial 
pressure (8). There is also increasing evidence that 
increased activation of sodium inward transport in 
endothelial cells contribute to increased vascular 
stiffness and elevated blood pressure in states of 
obesity and insulin resistance as exists in most 
patients with T2DM (7). 
 
Increased blood pressure (BP) from intravascular 
volume expansion is typically corrected by a rise in 
glomerular filtration and compensatory urinary salt 
excretion. This phenomenon of increased salt 
excretion in a state of elevated blood pressure has 
been termed pressure natriuresis. Unfortunately, this 
mechanism alone cannot correct persistently elevated 
blood pressure, principally because of secondary 
changes within the kidney microvasculature and 
maladaptive changes within the glomerular apparatus 
itself that lower glomerular filtration and stimulate 
sodium reabsorption. These changes are most 
apparent in overt chronic kidney disease (CKD) and 
end stage renal disease (ESRD), both of which are 
characterized by concurrent volume overload and 
sustained hypertension. Hypertension in CKD/ESRD 
is often difficult to control and requires restoration of 
normal vascular volume, which can be achieved by 
means of diuretics or dialysis (8,9). 
 
Premature Vascular Aging 
 
Changes in vessel lumen elasticity affect the ease with 
which blood can flow through arteries. Minimal 
reductions in lumen diameter can lead to exponentially 
increased resistance to blood flow. Patients with 
hypertension often demonstrate structural and 
functional changes that adversely alter the lumen of 
small arteries and arterioles. The vascular remodeling, 
low grade inflammation, vascular fibrosis and 
stiffening seen with hypertension in individuals with 
diabetes can arise as a response to elevated BP. 

Patients with diabetes thus manifest accelerated 
premature vascular aging characterized by impaired 
endothelial mediated relaxation, enhanced vascular 
smooth muscle contraction and resistance as well as 
vascular stiffness (7). These maladaptive vascular 
changes both contribute to the development of 
hypertension and accelerate the harmful effects of 
hypertension on vessel integrity (8,10). 
 
Autonomic Nervous System Dysregulation 
 
The autonomic nervous system is an important 
determinant of BP. Both the sympathetic and the 
parasympathetic systems are involved in the 
regulation of BP. Increased sympathetic activity leads 
to an increase in heart rate, force of contraction of 
ventricles, peripheral vascular resistance, and fluid 
retention. These physiological actions combine to 
promote BP elevation. Decreased parasympathetic 
outflow also results in increased heart rate and relative 
sympathetic hyperactivity thus contributing to an 
elevation in BP. Dysregulation of these pathways is 
seen with central obesity, insulin resistance, and sleep 
apnea. Hypertension associated with these disorders 
is often accompanied by increased sympathetic 
activity, an activated RAAS, and resistant 
hypertension. Furthermore, activation of the 
sympathetic nervous system also promotes insulin 
resistance and risk of T2DM. The autonomic 
dysfunction seen with T2DM can also contribute to 
these changes and thus worsen hypertension. The 
relevance of these pathways in the pathogenesis of 
hypertension and diabetes is demonstrated by the 
observation that interruption of the central sympathetic 
outflow by renal denervation is associated with 
improved insulin sensitivity, better glycemic control, 
and reductions in BP (2,8).  
 
Renin Angiotensin Aldosterone System (RAAS) 
 
The RAAS pathway plays a central role in maintaining 
normal BP. RAAS activation is closely linked to the 
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pathogenesis of hypertension via the cardiovascular 
and renal effects of elevations, particularly of plasma 
aldosterone level.  Angiotensin II is a potent 
vasoconstrictor and acts directly to increase vascular 
smooth muscle tone. Angiotensin II also stimulates 
secretion of aldosterone, which promotes sodium and 
water retention, leading to elevated blood pressure 
through volume expansion.  Obesity is associated with 
elevated plasma aldosterone levels, even in the 
absence of elevation of angiotensin levels. This 
elevation is thought to be related, in part, to secretion 
of aldosterone releasing factors from the expanded 
adipose tissue (7). Understanding the physiology of 
RAAS is essential as it is the principal target for 
angiotensin converting enzyme (ACE) inhibitors, 
angiotensin II receptor blockers (ARBs), and 
increasingly mineralocorticoid receptor antagonists, 
which are cornerstones of BP management in 
individuals with diabetes (8).  
 
Renin is a proteolytic enzyme secreted by the 
juxtaglomerular cells in the kidney. Renin cleaves 
circulating angiotensinogen to angiotensin I. ACE 
within the lung capillaries then converts angiotensin I 
into angiotensin II. Production and release of renin is 
tightly regulated by many interdependent factors such 
as renal perfusion pressure, sodium chloride 
concentration in distal tubule of nephron, and 
stimulation of renin secreting cells by the sympathetic 
nervous system.  
 
Physiologic activation of RAAS is seen with renal 
hypoperfusion due to hypovolemia. Release of renin 
from the juxtaglomerular apparatus results in a 
cascade of events, culminating in increased 
production of angiotensin II. Angiotensin II then raises 
blood pressure through direct vasoconstriction and by 
stimulation of aldosterone secretion leading to sodium 
and water retention and restoration of intravascular 
volume (8).  
 

Obesity and insulin resistance are associated with 
inappropriate activation of RAAS and the sympathetic 
nervous system. Increased adiposity has been linked 
with high levels of plasma aldosterone suggesting that 
RAAS may be chronically overactive in obesity (7). 
Angiotensin II and aldosterone have been shown to 
inhibit insulin metabolic signaling in classical insulin 
sensitive tissues and this likely plays a role in impaired 
endothelial-mediated vascular relaxation and the 
development of hypertension. Angiotensin II and 
aldosterone may also promote insulin resistance 
through non-genomic mechanisms such as activation 
of serine kinases and increased serine 
phosphorylation of insulin receptor substrate 1, 
reduced phosphatidylinositol 3-kinase engagement 
and protein kinase B stimulation, diminished insulin 
metabolic signaling, and impaired nitric oxide 
mediated vascular relaxation. (11,12). Increasingly it 
is recognized that elevated aldosterone in conjunction 
with hyperinsulinemia, as often exists in obesity and 
insulin resistance, promote vascular stiffness and 
associated increases in hypertension and CVD (7). 
 
Renal Dysfunction 
 
Renal dysfunction appears to share a reciprocal 
relationship with hypertension in diabetic individuals. 
While hypertension itself is recognized as a risk factor 
for chronic kidney disease in the setting of diabetes, it 
is important to note that diabetic nephropathy also 
contributes to development of hypertension. This 
reciprocal relationship is most obvious in type 1 
diabetics without pre-existing hypertension. 
Longitudinal studies have shown that 
microalbuminuria precedes hypertension in this 
population, and the prevalence of hypertension rises 
progressively with worsening kidney disease, 
approaching 90% in type 1 diabetics with end stage 
renal disease. Proposed mechanisms include volume 
expansion secondary to increased renal sodium 
reabsorption, peripheral vasoconstriction arising from 
endothelial dysfunction, dysregulated activation of the 
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RAAS, upregulation of endothelin1, and 
downregulation of nitric oxide (13). 
 
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 (6). 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. 
 
Environmental and Socioeconomic Factors 
 
There are marked disparities in hypertension between 
White and Black Americans. This disparity is 
increasing despite higher levels of awareness and 
treatment of their hypertension amongst Black 
Americans as compared to their White counterparts 
(14). This disparity has been magnified with the recent 
Covid-19 pandemic with disproportionate levels of 
morbidity and mortality amongst communities of color. 
Some have suggested that this disparity in Covid 
outcomes are related to similar environmental, 
economic, and social inequities as those that promote 
hypertension, obesity, and diabetes (15).  
 
Foods that are traditionally considered healthy and 
promoted as components of the DASH diet (16) are 
often unavailable to people living in these communities 
due to either lack of access or reasons of affordability. 
Instead, they become consumers of cheap high salt 
and high caloric foods, a process that naturally leads 
to obesity and hypertension (15). Furthermore, lack of 
safe outdoor spaces discourages exercise and 
targeted advertising increases poor health decisions 
such as smoking. These effects are further reinforced 

by a study of Black and White Americans living in the 
same environmental setting (long term integrated 
neighborhoods).  In the Exploring Health Disparities in 
Integrated Communities-South Western Baltimore 
(EHDIC-SWB) study it was found that although the 
odds ratio for hypertension was higher in Blacks in the 
sample population, it was decreased by roughly 30% 
as compared to NHANES data. The authors 
concluded that social and environmental exposure 
explained a substantial proportion of race differences 
in persons with hypertension and diabetes (17).  
 
BLOOD PRESSURE MEASUREMENT AND 
MONITORING 
 
Accurate measurement of BP is key for both diagnosis 
and effective management of hypertension. BP 
measurement is most often conducted in the medical 
office, where it can be performed either through the 
auscultatory technique of listening to Korotkoff sounds 
or the oscillometric technique employed in automated 
devices. Use of oscillometric devices has largely 
replaced the auscultatory method primarily for reasons 
of convenience and concerns over inter-observer 
variability with manual measurements. However, it is 
important to remember that even automated 
measurements can be erroneous if certain 
precautions are not taken. Measurements should be 
made in the seated position after the patient has 
rested for 3-5 minutes, and preferably with an empty 
bladder. No exertion, physical exercise, eating, 
smoking or exposure to stress for at least 30 minutes 
before BP reading. Three readings within a period of 2 
weeks will be ideal. The device used should be 
calibrated regularly to ensure reliable readings. 
Improper cuff size is a common source of erroneous 
readings. It is recommended that cuff bladder length 
be equal to the patient’s arm circumference measured 
at the midpoint of acromion and olecranon process 
and the width be equal to about one-half of the arm 
circumference. Use of a cuff that is too small is more 
common because of the rising incidence of obesity 



 
 
 
 

 
www.EndoText.org 6 
 

and results in overestimation of blood pressure. 
Despite using all these precautions, there can be 
significant variability between individual readings and 
American Heart Association (AHA) recommends 
obtaining at least two readings during each clinic visit 
(18). 
  
Ambulatory blood pressure monitoring (ABPM) is a 
fully-automated non-invasive modality that involves 
placement of a blood pressure cuff on the non-
dominant arm with measurements every 15 to 30 
minutes over the course of a 24-hour period.  
Compared to in-office blood pressure measurement, 
ABPM has higher prognostic value for target organ 
damage and cardiovascular outcomes (19). The 
primary advantage of ABPM lies in its comprehensive 
nature unlike office monitoring that relies on single 
measurements. This format permits detection of 
distinct blood pressure patterns such as sustained, 
white-coat, masked, and nocturnal hypertension, as 
well as non-dipping or reverse-dipping patterns that 
cannot be detected with office measurements alone. 
These patterns are associated with varying 
cardiovascular outcomes and must therefore be 
managed quite differently. White-coat hypertension 
denotes a situation wherein office measurements are 
in the hypertensive range but ABPM readings are 
consistently normal. This phenomenon is attributed to 
the effect of an observer at the time of measurement; 
it is associated with minimal cardiovascular risk and is 
not an indication for antihypertensive therapy. It 
should be noted however that individuals with white-
coat are at elevated risk for developing sustained 
hypertension and should therefore be monitored 
periodically. On the other hand, masked hypertension 
refers to a situation where office measurements are 
normal but ABPM shows readings in the hypertensive 
range. This phenomenon is associated with increased 
cardiovascular risk comparable to that seen with 
sustained hypertension. Importantly, masked 
hypertension is more common in diabetic individuals 
and obese patients. It is assumed that these patients 

benefit from aggressive antihypertensive therapy 
although no randomized controlled trials have been 
performed to confirm such expectations (20). 
 
Blood pressure normally displays a physiologic 
circadian rhythm, dipping by more than 10% during the 
night relative to daytime readings.  Patients in whom 
blood pressure drops by less than 10% are said to 
have a non-dipping pattern. This non-dipping pattern 
is more prevalent in diabetic individuals and has been 
associated with cardiovascular autonomic 
neuropathy. Its contribution to progression of diabetic 
complications is more controversial. Hyperglycemia 
itself can influence the normal nocturnal dip through its 
effect on circulating plasma volume, blood flow 
distribution and renal hemodynamics (21). 
 
BLOOD PRESSURE TARGETS IN PATIENTS 
WITH DIABETES 
 
The importance of rigorous blood pressure control in 
prevention of diabetes-related morbidity cannot be 
overemphasized. This holds true for macrovascular as 
well as microvascular complications and is supported 
by a mounting body of evidence. The United Kingdom 
Prospective Diabetes Study (UKPDS), showed 44, 32, 
and 34 percent reductions in risks for stroke, diabetes 
related deaths, and retinopathy respectively with blood 
pressure reduction (target blood pressure <150/85 
mm Hg). A linear relationship between systolic blood 
pressure reduction and adverse outcomes was seen 
in readings as low as 120 mm Hg (22,23). 
 
The Hypertension On Target (HOT) trial showed a 
reduction in CVD with lowering of diastolic blood 
pressure. Interestingly however, this benefit was only 
seen in patients with diabetes, suggesting the need for 
establishing a different and perhaps more aggressive 
blood pressure target in this population subgroup (24). 
 
The Action in Diabetes and Vascular Disease: 
Preterax and Diamicron MR Controlled Evaluation 
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(ADVANCE) trial was the first study designed 
specifically to address blood pressure control in 
subjects with diabetes. The results were impressive, 
showing significant reduction in microvascular events, 
cardiovascular deaths, and all-cause mortality with 
aggressive reduction in both systolic and diastolic 
blood pressure (mean achieved blood pressure of 
134/74 mm Hg versus 140/76 mm Hg) (25). 
 
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). 
 
The notion of a systolic blood pressure goal of less 
than 130 mm Hg was challenged by the ACCORD 
blood pressure trial. This large randomized control trial 
compared a systolic target of <120 mm Hg (intensive 
therapy) to a systolic target of <140 mm Hg (standard 
therapy). With more than 4500 patients and a mean 
follow up of 4.7 years, no significant difference was 
seen between the two groups in terms of combined 
CVD outcomes (heart attack, stroke, and 
cardiovascular death). Importantly, similar to the 
results of the ABCD trial, a 40 percent reduction was 
seen in stroke risk (28). This study was confounded by 
factors that do not allow for recommendations based 
on the outcomes of this study. 
 

The most recent large-scale randomized control trial 
that examined a lower systolic blood pressure goal 
was the Systolic Blood Pressure Intervention Trial 
(SPRINT). This trial compared the benefit of treatment 
to a systolic blood pressure target of less than 120 mm 
Hg (intensive-treatment group) with the treatment to a 
target of less than 140 mm Hg (standard-treatment 
group). At 1 year, the intensive-treatment group had a 
mean systolic blood pressure of 121.4 mm Hg versus 
the standard-treatment group with a mean systolic 
blood pressure of 136.2 mm Hg. The results showed 
significantly lower rates of fatal and nonfatal 
cardiovascular events and death from any cause in the 
intensive-treatment group. Serious adverse events 
possibly or definitely related to the intervention were 
statistically more frequent in the intensive-treatment 
group with a hazard ratio of 1.88 (P<0.001). This study 
included 9361 participants with a median follow up of 
3.26 years; however, patients with diabetes were 
excluded. The SPRINT trial therefore supports a lower 
goal but cannot be applied directly to the diabetic 
population because of its study design (29). 
 
Some experts have suggested that the ACCORD trial 
was underpowered to show a significant difference for 
the primary endpoint. A recently pooled analysis 
merged the data from the SPRINT and ACCORD trials 
and looked at the same primary endpoint that was 
used in SPRINT. The primary endpoint differed from 
the ACCORD trial in that it included unstable angina 
and acute decompensated heart failure in addition to 
myocardial infarction, stroke and CVD death. The final 
analysis showed a significant favorable effect for the 
intensive treatment group in both patients with and 
without diabetes. This suggests that there may not be 
a differential beneficial effect of intensive blood 
pressure lowering (i.e., to less than 130/80 mm Hg) in 
patients with T2DM (30). It must also be noted that 
both the SPRINT and ACCORD trials involved BP 
measurements under strictly controlled conditions that 
would be expected to yield lower readings compared 
to conventional clinic settings. This observation raises 
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questions about whether more liberal targets might be 
used in real world settings to achieve comparable 
cardiovascular benefits. 
 
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 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 population 
and those with multiple co-morbidities. 
 
Key outcome studies and results are summarized in 
table 1. 

 
Table 1. Key Outcome Studies and Results 
Outcome Study Intervention Results 
United Kingdom Prospective 
Diabetes Study (UKPDS) 

Blood pressure reduction  
(< 150/85 mmHg) 
 

44 % risk reduction in stroke 
 
32 % risk reduction in  
diabetes related deaths 
 
34 % risk of retinopathy 
 

Hypertension On Target Trial 
(HOT) 

Lower diastolic blood 
pressure 
 

Reduction in CVD 
 

Action in Diabetes and 
Vascular Disease: Preterax 
and Diamicron MR Controlled 
Evaluation trial (ADVANCE) 

Reduced systolic and 
diastolic blood pressure       
(134/74mmHg vs 
140/76mmHg) 
 

Reduction in microvascular 
events, cardiovascular 
deaths, and all-cause 
mortality 
 

Normotensive Appropriate 
Blood Pressure Control in 
Diabetes Trial (ABCD) 

Intensive blood pressure 
control  
(128/75mmHg vs 
137/81mmHg) 
 

Reduction in progression of 
retinopathy, albuminuria, and 
absolute risk of stroke 
 
No difference in creatinine 
clearance or cardiovascular 
events 
 
 

ACCORD Study Group Trial Intensive blood pressure 
control  

40% risk reduction for stroke 
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(Systolic target <120mmHg 
vs <140mmHg) 
 

No difference for combined 
CVD outcomes (heart attack, 
stroke, and cardiovascular 
death) 
 

Systolic Blood Pressure 
Intervention Trial (SPRINT) 

Intensive blood pressure 
control  
(Systolic target <120mmHg 
vs <140mmHg) 
 
Achieved mean blood 
pressure 121.4mmHg vs 
136.2mmHg 
 

Reduced rates of fatal and 
nonfatal cardiovascular 
evens and death 
 
Increased adverse events 
related to intensive group 
 

 
TREATMENT OF HYPERTENSION 
 
Treatment of hypertension in patients with diabetes is 
challenging as these patients can develop resistant 
hypertension. Moreover, individuals with diabetes 
have a higher incidence of cardiac and renal 
comorbidities that can lower tolerance to aggressive 
antihypertensive therapy. An effective treatment 
regimen must therefore address all aspects of the 
complex metabolic derangements seen in this 
population group (4). 
 
This section will focus chiefly on the treatment of 
hypertension in association with T2DM. We will 
examine treatment strategies by drug class, critically 
reviewing the advantages and disadvantages of each. 

The importance of accurately measuring BP and using 
proper techniques needs to be emphasized, especially 
considering the lifelong implications for the patient. 
Once a diagnosis of hypertension has been 
established in a patient with diabetes, it is imperative 
that aggressive treatment be initiated in a timely 
manner. It is also worth noting that with some 
exceptions, the degree of blood pressure reduction 
achieved is of greater importance than the class of 
antihypertensive employed. 
 
The various classes of antihypertensive drug that are 
commonly employed in diabetic individuals are 
summarized in table 2. The overall approach to 
hypertension in a diabetic patient is outlined in figure 
1. 
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Figure 1. Approach to hypertension in the diabetic patient 
 

Table 2. Summary of Antihypertensive Agents with Emphasis on Patients with Diabetes 
Class with 
representative 
examples 

Preferred use Notable side 
effects 

Contraindications Effect on 
insulin 
resistance 
and/or 
glycemic 
control 

ACE inhibitor* 
• Lisinopril 
• Ramipril 
• Benazepril 

Diabetics 
Also preferred 
in: 
• Proteinuric 

CKD 
• HFrEF 
• Established 

CAD 

• Hyperkalemia 
• Acute kidney 

injury (up to 25% 
rise in creatinine 
is expected) 

• Angioedema 
• Cough 
• Teratogenicity 

• Pregnancy 
• Avoid 

concomitant use 
with aliskiren or 
ARB 

Improved 

ARB 
• Telmisartan 
• Valsartan 
• Losartan 
• Irbesartan 
• Candesartan 

Diabetics who 
are intolerant of 
ACE inhibitors 
Also preferred 
in: 
• Proteinuric 

CKD 
• HFrEF 
• Established 

CAD 

• Hyperkalemia 
• Acute kidney 

injury (up to 25% 
rise in creatinine 
is expected) 

• Teratogenicity 

• Pregnancy 
• Avoid 

concomitant use 
with aliskiren or 
ACE inhibitor 

Improved 

Direct renin 
inhibitor** 
• Aliskiren 

Diabetics with 
proteinuric CKD 
who are 
intolerant of 
both ACE 
inhibitors and 
ARBs 

• Hyperkalemia 
• Acute kidney 

injury 
• Teratogenicity 

• Pregnancy 
• Avoid 

concomitant use 
with ACE 
inhibitor or ARB 

Unknown 

Thiazide-like 
diuretic 
• Chlorthalidone 
• Indapamide 
• HCTZ 

Hypervolemic 
or edematous 
patients 
Must be used 
before 
diagnosing 
“resistant 
hypertension” 

• Photosensitivity 
• Hyponatremia 
• Hypokalemia 
• Hypomagnesemi

a 
• Hyperuricemia 
• Orthostatic 

hypotension 

• Pregnancy 
• Use with caution 

in cirrhotic 
patients (risk of 
hyponatremia) 

• Ineffective in 
advanced CKD-
GFR<30 

Worsened with 
HCTZ 
Indapamide 
has positive 
effect 

Dihydropyridine 
calcium channel 
blocker* 
• Nicardipine 

Patients who 
are already on 
preferred 
agents but not 

• Peripheral 
edema 

• None but should 
not be initiated 
until other 
preferred agents 

Neutral 
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• Amlodipine at target blood 
pressure 

have been 
started 

Beta adrenergic 
blocker 
• Carvedilol 
• Nebivolol 
• Metoprolol 

Preferred in: 
• History of 

myocardial 
infarction 

• HFrEF 

• Orthostatic 
hypotension 

• Acute 
decompensation 
of heart failure 

• Bronchospasm 
• Hypoglycemia 

unawareness 
• Depression 
• Impotence 

• Avoid in active 
bronchospasm, 
vasospastic 
disorders 

• Avoid if 
pheochromocyto
ma suspected 
(until adequate 
alpha blockade) 

• Use with caution 
in PVD 

Worsened with 
non-
vasodilating 
agents like 
metoprolol and 
not with 
Carvedilol and 
nebivolol 

Mineralocorticoid 
receptor blocker 
• Spironolactone 
• Eplerenone 
• Finerenone 

Preferred in: 
• HFpEF and 

HFrEF 
• Resistant 

hypertension 
• Primary 

aldosteronis
m 

• Hyperkalemia 
• Gynecomastia 

(with 
spironolactone) 

• Avoid in 
pregnancy 

• Caution if using 
with ACE, ARB 
or renin 
inhibitors  

Improved with 
spironolactone, 
unknown with 
other agents 

Preferred agents within each class are bolded. Preference is based on available evidence from randomized 
control trials. 
*All agents in this class are considered equivalent 
**Only agent currently approved in this class 
Abbreviations: ACE: Angiotensin converting enzyme; ARB: Angiotensin receptor blocker; CAD: Coronary artery 
disease; CKD: Chronic kidney disease; HCTZ: Hydrochlorothiazide; HFpEF: Heart failure with preserved ejection 
fraction; HFrEF: Heart failure with reduced ejection fraction; PVD: Peripheral vascular disease. GFR: Glomerular 
Filtration rate 
 
Lifestyle Modification 
 
Lifestyle modification is a very important and often 
overlooked aspect of treatment of diabetes and 
hypertension. Changes to lifestyle that appear to have 
health benefits include: 
 
• Reducing salt intake to less than 1.5 g/day 
• Increasing consumption of fruits and vegetables 

(8-10 servings per day) 
• Increasing consumption of low- fat dairy products 

(2-3 servings per day) 

• Increasing activity levels/ engaging in regular 
aerobic physical activity (e.g., brisk walking 30 
min/day) 

• Losing excess weight 
• Avoiding excessive alcohol consumption (less 

than 2 drinks (30 ml ethanol)/day for men and 
less than 1 drink (15ml of ehanol)/day for women) 

 
Lifestyle modification may be used as a sole treatment 
modality in patients with BP <140/90, but ideally 
should be combined with pharmacotherapy in patients 
with systolic blood pressure (SBP) ≥ 140 and/or 
diastolic blood pressure (DBP) ≥ 90 mm Hg. It is 
generally agreed that lifestyle modification has modest 
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antihypertensive effects, yielding an effective blood 
pressure reduction of 5-10 mm Hg. Nevertheless, 
ancillary benefits of improved cardiovascular fitness, 
reduced adiposity, and the possibility of future 
reduction in medication doses make such 
interventions an indispensable part of the 
management of these patients. 
 
Angiotensin Converting Enzyme Inhibitors 
 
ACE inhibitors inhibit the angiotensin converting 
enzyme and thus prevent conversion of angiotensin 1 
to angiotensin II. This along with other mechanisms 
leads to decreased peripheral resistance and lowering 
of BP. ACE inhibitors selectively dilate the efferent 
renal arterioles and therefore lower intraglomerular 
pressure. This hemodynamic effect is reno-protective 
in patients with diabetic kidney disease. An acute rise 
in serum creatinine may occur at the onset of ACE 
inhibitor therapy. Elevation of serum creatinine by up 
to 30% above baseline is acceptable and does not 
mandate stopping therapy but does underscore the 
need for careful monitoring. The beneficial effects of 
ACE inhibitors on renal and cardiac function are widely 
recognized (31,32,33) and these agents are 
prescribed almost reflexively as initial antihypertensive 
treatment in patients with concomitant diabetes and 
hypertension (34). However, it must be noted that the 
primary advantage of ACE inhibitors over other 
classes of antihypertensive agents, lies in their proven 
ability to slow the progression of proteinuria.  
 
ACE inhibitors possess a favorable side effect profile 
and are well-tolerated in general. Use of these agents 
is not associated with adverse alterations in lipid 
profile, glucose levels, and uric acid levels, such as 
those seen with other antihypertensive agents. As 
noted above creatinine elevation is frequently 
observed and should not require cessation of therapy 
unless excessive. On the other hand, dry persistent 
cough, another common side effect, is a reasonable 
cause for discontinuation of therapy. Patients with long 

standing diabetes, diabetic nephropathy, and 
hyporeninemic hypoaldosteronism/ type 4 renal 
tubular acidosis can develop hyperkalemia with these 
drugs. Angioedema – a severe hypersensitivity 
reaction more commonly observed in the African 
American population, is also associated with ACE 
inhibitor use and the drug should be permanently 
discontinued in such patients. Further, ACE inhibitors 
have teratogenic potential by interfering with fetal 
kidney development and caution must be exercised 
while using ACE inhibitors in females of child bearing 
age (33). 
 
Due to their potential benefits and favorable risk 
benefit profile, ACE inhibitors have been established 
as the benchmark by which newer classes of 
antihypertensive agents are judged, especially in 
patients with diabetes and diabetic kidney disease. 
 
Angiotensin Receptor Blockers (ARBs) 
 
ARBs exert similar salutary effects as ACE inhibitors, 
by displacing angiotensin II from its receptor. The main 
advantage of ARBs over ACE inhibitors is the lower 
incidence of cough and angioedema with their use. 
The ONTARGET trial compared the ARB telmisartan 
to the ACE inhibitor Ramipril and the combined use of 
these drugs. This trial established general non-
inferiority of telmisartan compared to ramipril with 
regards to BP control as judged by outcomes such as 
cardiovascular deaths, myocardial infarction, stroke, 
and hospitalization for heart failure. Additionally, the 
telmisartan arm had substantially lower rates of cough 
and angioedema. Data from the ONTARGET trial also 
showed that although both telmisartan and ramipril 
offered equivalent renal protection, the combined use 
of these two drugs led to inferior renal outcomes (35). 
A combination of ACE inhibitors and ARBs is therefore 
not recommended at this time. As with ACE inhibitors, 
hyperkalemia remains a potential adverse effect. The 
risk of hyperkalemia can be attenuated by combining 
these agents with other medications like thiazide or 
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loop diuretics which promote urinary potassium loss. 
ARBs used to cost substantially more than ACE 
inhibitors but the advent of generic ARB’s have 
addressed this concern. Today ARBs are a popular 
choice for treatment of hypertension, and for 
prevention of renal complications in patients with 
diabetes, and are the preferred treatment in patients 
who develop a cough with ACE inhibitors (34). 
 
Diuretics 
 
Diuretics transiently decrease blood pressure by 
boosting renal sodium excretion and consequently 
lowering plasma volume. Overtime, these changes in 
volume status revert back to normal, but the 
antihypertensive effect persists due to a decrease in 
peripheral vascular resistance. Hydrochlorothiazide 
(HCTZ) and related sulfonamide compounds 
(chlorthalidone) are effective for blood pressure 
management in patients with mild to moderate 
hypertension and eGFR >50. In patients with eGFR 
<30, loop diuretics or a combination of loop diuretics 
and thiazides are more efficacious (34). 
 
Data from the Swedish Trial in Old Patients with 
Hypertension-2 (STOP Hypertension-2) trial 
demonstrated that diuretics were as efficacious as 
ACE inhibitors or calcium channel blockers (CCBs) in 
lowering BP and reducing cardiovascular mortality in 
patients with diabetes (36). 
 
Use of diuretics is associated with metabolic 
derangements like hypokalemia, hyperglycemia, and 
hyperuricemia. Once again, the risk of hypokalemia 
associated with diuretic use can be mitigated by 
combining a diuretic with medications, like an ACE 
inhibitor, ARB, potassium-sparing diuretic, or 
aldosterone antagonist (37). Patients with T2DM and 
concomitant hypertension also demonstrate impaired 
nocturnal BP dipping compared to patients without 
diabetes. Chlorthalidone, with its longer duration of 

action and higher potency might be a better choice to 
treat hypertension in this subgroup of patients (38). 
 
Calcium Channel Blockers (CCBs) 
 
CCBs are sub-classified as Dihydropyridines (DHPs) 
(amlodipine, felodipine, isradipine, nicardipine, 
nifedipine) and non-DHPs (NDHPs) (verapamil, 
diltiazem). DHPs exert their antihypertensive activity 
through peripheral vasodilatation, without significantly 
affecting cardiac conduction and contractility. NDHPs 
also have a modest antihypertensive effect, but they 
affect cardiac automaticity and conduction, and hence 
are primarily used for management of arrhythmias 
(34). 
 
The strongest evidence for CCB use over other 
classes of antihypertensive drugs comes from the 
Avoiding Cardiovascular Events through Combination 
Therapy in Patients Living with Systolic Hypertension 
(ACCOMPLISH) trial. This trial was designed to 
compare benazepril plus amlodipine to benazepril plus 
hydrochlorothiazide in subjects with hypertension and 
a high risk of cardiovascular events, and showed 
fewer cardiovascular events in the CCB/ACE 
combination arm when compared to the ACE/Diuretic 
combination arm (39). These results are not in line with 
those of ALLHAT trial which found that ACE inhibitors, 
CCBs and alpha-blockers were not superior to thiazide 
diuretics for either BP control or improvement of 
cardiovascular or renal outcomes (40). Regardless of 
these conflicting results, the available evidence 
positions calcium channel blockers in line with 
ACE/ARBs and thiazides for treatment of hypertension 
in patients at high risk for cardiovascular events. 
CCB’s are well tolerated by most patients. Common 
side effects include headache, peripheral edema, and 
flushing (41). 
 
Adrenergic Receptor Antagonist 
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The adrenergic receptor antagonists have been sub-
classified into three categories: beta-blockers, alpha-
blockers, and combined alpha and beta-blockers. 
Alpha-beta blockers like carvedilol and labetalol 
produce greater reductions in BP compared to pure 
beta blockers (34). 
 
Beta-blockers have gained popularity due to mortality 
benefits in patients with heart failure and in patients 
who have sustained a myocardial infarction. Despite 
lack of robust evidence, beta- blockers are widely 
used for primary prevention of myocardial infarction as 
well. Use of beta-blockers can be associated with 
precipitation of bronchospasm, worsening peripheral 
arterial disease, sexual dysfunction, and worsening of 
glycemic control. Of particular concern is the 
decreased perception of hypoglycemia symptoms in 
patients with diabetes (42).  
 
Beta-blockers are also known to alter insulin 
resistance and lipid metabolism – properties that are 
especially relevant in diabetic individuals. However, 
these effects vary across individual drugs and are 
more often seen with older non-vasodilatory beta-
blockers such as atenolol, metoprolol and propranolol. 
For instance, a randomized control trial comparing 
metoprolol and carvedilol in patients with T2DM 
demonstrated that metoprolol was associated with 
worsened glycemic control compared to carvedilol at 
doses titrated to achieve comparable BP control (43). 
The same study also revealed that carvedilol had 
beneficial impacts on lipid profile with lowering of total 
cholesterol, triglycerides and non-HDL cholesterol. In 
contrast, metoprolol use was associated with 
increased need for lipid lowering therapy with statins 
(44). Similarly, labetalol and nebivolol, highly selective 
beta-1-blockers with nitric oxide dependent 
vasodilatory properties have been shown to improve 
insulin resistance (45). Unopposed activation of the 
alpha-adrenergic system has been proposed as a 
putative mechanism (46). Nebivolol also decreases 

cellular stiffness and stimulates endothelial cell growth 
causing improved endothelial function (47). 
 
Mineralocorticoid Receptor Antagonists   
 
Steroidal mineralocorticoid receptor (MR) antagonists 
(spironolactone and eplerenone) and new non-
steroidal antagonists such as finerenone are 
particularly efficacious in those with resistant 
hypertension, which is more common in persons with 
obesity and diabetes (7). They also lower mortality in 
patients with heart failure by blocking the deleterious 
effects of aldosterone on cardiac remodeling. Addition 
of finerenone to patients receiving ACE inhibitors or 
ARB reduced urinary albumin excretion compared to 
placebo. The FIDELIO-DKD trial also showed 
improved cardiovascular outcomes and reduced 
progression of kidney disease with finerenone (48). 
 
Hyperkalemia is a common side effect of steroidal MR 
antagonists, and monitoring for hyperkalemia is of 
particular importance, as MR antagonists are often 
added to an ACE inhibitor or an ARB. This is less of a 
problem with the newer non-steroidal MR antagonists 
(49). Gynecomastia and menstrual irregularities are 
other potential adverse effects seen with 
spironolactone. Eplerenone is a more selective 
aldosterone antagonist and it seldom causes anti-
androgenic effects. It is likely that the newer non-
steroidal MR antagonist will negate many of these 
concerns, and they will likely be increasingly used for 
treatment of hypertension in patients with diabetes. 
 
Direct Renin Inhibitors   
 
Aliskiren, a first in class direct renin inhibitor was 
approved by FDA in 2007. It is an effective 
antihypertensive agent and provides end-organ 
protection, but its exact place in the hypertension 
treatment algorithm remains uncertain. Aliskiren 
improves left ventricular hypertrophy, and shows 
synergism when used in combination with ARB. Its 
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side effect profile is similar to ARBs and monitoring of 
potassium levels is recommended (34). The Aliskiren 
Trial in Type 2 Diabetes Using Cardiovascular and 
Renal Disease Endpoints (ALTITUDE) trial was a 
randomized control trial evaluating the efficacy of 
Aliskiren in combination with ACE inhibitors or ARBs 
in patients with T2DM. It was prematurely halted 
because of increased cardiovascular events and 
safety concerns. Additionally, there was more 
hyperkalemia and hypotension with the combination 
(50). It is possible that these adverse events were 
related to use of combination therapy analogous to the 
ONTARGET trial. At this time, Aliskiren should not be 
used in combination with ACE inhibitors or ARBs for 
management of hypertension in patients with T2DM. 
Aliskiren may be used for its antiproteinuric effect in 
patients who are intolerant of both ACE inhibitors and 
ARBs. 
 
DIABETES MEDICATIONS WITH 
ANTIHYPERTENSIVE EFFECTS 
 
Several anti-diabetic medications possess modest 
antihypertensive properties. These should be kept in 
mind especially in patients concurrently receiving 
antihypertensive drugs who may experience 
hypotensive symptoms if caution is not exercised. On 
the other hand, several of these drugs provide 
cardiovascular protection, likely in part from their 
antihypertensive effects that make them attractive 
options for patients at increased cardiovascular risk. 
Anti-diabetic medications with these properties include 
thiazolidinediones, dipeptidyl diphosphatase (DPP-4) 
inhibitors, glucagon-like peptide 1 (GLP-1) receptor 
agonists, and sodium glucose cotransporter 2 (SGLT 
2) inhibitors. Of these classes, GLP-1 receptor 
agonists appear to exert the largest effect on blood 
pressure (51). 
 
In a metanalysis of 16 randomized control trials 
comparing the GLP-1 agonists exenatide and 
liraglutide to placebo as well as other 

antihyperglycemic agents, BP reduction was seen. 
Against placebo, exenatide lowered systolic BP by 
approximately 6 mm Hg. Similarly, a mean reduction 
of about 5 mm Hg in systolic BP was seen with 
liraglutide versus placebo (52). A randomized control 
trial studying the hemodynamic effects of dulaglutide 
also showed a reduction in systolic BP regardless of 
baseline readings (53). The other classes of anti-
hyperglycemic medications have shown reductions in 
systolic BP of less than 5 mm Hg (51). 
 
Due to their sodium and volume lowering properties, 
the SGLT2 inhibitors were looked at early on for 
effects on BP. In phase 2 and 3 trials, canagliflozin and 
dapagliflozin showed modest reductions in BP, just 
under 4 mm Hg (54,55). A recent meta-analysis 
confirmed this finding across all other major SGLT2 
inhibitors currently on the market with a mean 
reduction of 3.6/1.7 mm Hg in blood pressure as 
compared to placebo. This reduction is comparable to 
that seen with low dose hydrochlorothiazide (56). The 
exact mechanism of BP reduction is not completely 
understood but is postulated to be mediated by 
osmotic diuresis, natriuresis, and weight loss (57,58). 
Importantly, these agents have been shown to have 
CVD and renal disease reducing properties in patients 
with diabetes (54,59,60). 
 
IMPACT OF COMORBIDITIES ON CHOICE OF 
ANTIHYPERTENSIVE REGIMEN  
 
Despite advances in diagnosis and management, a 
significant proportion of diabetic individuals develop 
microvascular and macrovascular complications 
throughout their lifetime. Indeed, many patients 
present with advanced complications at diagnosis. 
These comorbidities must be considered when 
choosing an antihypertensive regimen because of 
ancillary benefits and potential for harm. Proteinuria 
and chronic kidney disease are most responsive to 
ACE inhibitors and ARBs and these agents are 
considered standard of care for such patients. On the 
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other hand, beta-blockers have demonstrated benefit 
in the settings of established coronary artery disease 
and heart failure with reduced ejection fraction 
(HFrEF) but have no proven mortality benefit in their 
absence. Their use should therefore be restricted to 
the appropriate settings. Beta-blockers may 
exacerbate peripheral arterial disease due to reflex 
vasoconstriction and are best avoided in such 
patients. Beta-blockers should also be avoided in 
patients with a history of brittle diabetes and frequent 
hypoglycemia because of their ability to mask 
symptoms of hypoglycemia and thus contribute to 
hypoglycemia unawareness. Mineralocorticoid 
antagonists have shown proven benefits in HFrEF and 
should be included in antihypertensive regimens for 
diabetics with heart failure.  
 
RESISTANT HYPERTENSION 
 
Resistant hypertension is defined as BP greater than 
140/90 mm Hg despite a therapeutic strategy that 
includes appropriate lifestyle modifications along with 
a diuretic and two other antihypertensive drugs from 
different classes, administered at optimal doses. It 
poses a special therapeutic challenge for 
endocrinologists. It is important to keep in mind that a 
number of other conditions need to be excluded before 
diagnosing resistant hypertension. Medication non-
adherence must always be ruled out and barriers such 
as cost and side effects should be addressed. White 
coat hypertension can be remarkably resistant to 
therapy or alternatively be associated with intolerable 
side effects at home, leading to medication non-
adherence and can be assessed by means of ABPM. 
Finally, secondary causes of hypertension should be 
looked for. The list of causes for secondary 
hypertension is extensive and includes such diverse 
disorders as renal artery stenosis, 
hyperaldosteronism, obstructive sleep apnea, and 
illicit drug use. Of special interest to the consulting 
endocrinologist are the various endocrine disorders 
that manifest with hypertension including primary 

hyperaldosteronism, pheochromocytomas and 
paragangliomas, Cushing’s syndrome, and hypo- and 
hyperthyroidism. Many of these disorders are 
characterized by distinct clinical presentations, and an 
exhaustive and expensive evaluation should be 
discouraged in the absence of supportive signs and 
symptoms. Obstructive sleep apnea deserves special 
mention because of its close association with diabetes 
and obesity and must always be considered in patients 
with resistant hypertension. Once diagnosed, 
secondary hypertension is often amenable to specific 
therapies with immediate improvement in BP. 
 
After confirming a diagnosis of resistant hypertension 
and excluding possible secondary causes, 
pharmacological therapy with addition of 
mineralocorticoid receptor antagonists is typically the 
most effective intervention. These agents are effective 
in patients with T2DM when added to existing 
treatment with an ACE inhibitor or ARB, diuretic and 
calcium channel blocker. Mineralocorticoid receptor 
antagonists also reduce proteinuria and have 
additional cardiovascular benefits as noted above. 
However, adding a mineralocorticoid receptor 
antagonist to a regimen that already includes an ACE 
inhibitor or ARB increases the risk for hyperkalemia. 
Therefore, these patients need regular monitoring of 
serum creatinine and potassium. 
 
SPECIAL CONSIDERATIONS IN TYPE 1 
DIABETES 
 
Patients with type 1 diabetes currently make up about 
5% to 8% of the total diabetes population in the US (1). 
In contrast to patients with T2DM, patients with type 1 
diabetes typically develop renal disease before 
developing hypertension. Longitudinal studies of type 
1 diabetics consistently show development of 
proteinuria prior to onset of hypertension (13). 
However, once hypertension has developed, it 
accelerates the course of microvascular and 
macrovascular disease similar to patients with T2DM. 
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Unfortunately, there is limited data in type 1 diabetics. 
A randomized trial has demonstrated that an ACE 
inhibitor protects against deterioration in renal function 
in insulin-dependent diabetic nephropathy and is 
significantly more effective than blood-pressure 
control alone (69). Therefore, guidelines for 
antihypertensive therapy in these patients are 
extrapolated from patients with T2DM, such as a 
preference for therapy with an ACE inhibitor or ARB. 
Furthermore, as tight glycemic control with insulin is 
the cornerstone of management of these patients, 
beta-blockers should be avoided because of their 
propensity to promote hypoglycemia and their ability 
to mask symptoms of hypoglycemia (61).  
 
Perhaps the most distinctive aspect of hypertension in 
type 1 diabetes relates to the role of glycemic control 
in its prevention. Data from the Diabetes Control and 
Complications Trial (DCCT) and the Epidemiology of 
Diabetes Intervention and Complications (EDIC) trials 
showed that intensive therapy reduced incident 
hypertension by 24% over a 15 year follow up period 
(62). Interestingly the reduction in incident 
hypertension was not seen while the subjects were 
actually on intensive control but only appeared years 
later, suggesting that the connection between 
hyperglycemia and hypertension is not direct but 
rather is mediated through chronic complications of 
diabetes such as diabetic nephropathy.  
 
COVID-19 AND ANTIHYPERTENSIVE THERAPY IN 
INDIVIDUALS WITH DIABETES 
 
The ongoing novel SARS-CoV-2 coronavirus (COVID-
19) pandemic has disproportionately affected 
individuals with multiple medical comorbidities. For 
instance, a large observational study from China 
showed that up to 23.7% of patients with severe 
infection had hypertension and 16.2% had diabetes 
compared to just 13.4% and 5.7% respectively, of 
patients with non-severe infection (63). The higher 
incidence of adverse outcomes seen with COVID-19 

in patients with hypertension and diabetes is now 
believed to be related not only to the direct 
immunosuppressive effects of these comorbidities but 
also to common underlying socioeconomic themes 
such as lack of access to quality healthcare and 
healthy foods (64).  
 
Further research on COVID-19 infection in this subset 
of patients led to questions on the role of ACE 
inhibitors and ARBs in its pathogenesis. Specifically, 
the observation that the novel coronavirus binds to 
human cells via the angiotensin converting enzyme 2 
raised concerns that medications like ACE inhibitors 
and ARBs that increase levels of this enzyme might 
accelerate infection with the novel coronavirus. 
However, at this time there are no clinical data to 
support this hypothesis and the European Society of 
Cardiology Council on Hypertension, the American 
College of Cardiology (ACC)/ American Heart 
Association (AHA)/ Heart Failure Society of America 
(HFSA) and the American Society of Hypertension 
have all released policy statements strongly 
recommending that patients continue treatment with 
their usual antihypertensive regimen. Therefore, at 
this time, recognizing the multiple benefits obtained 
with these classes of medications in patients with 
diabetes or hypertension, it is not advisable to 
discontinue therapy simply because of COVID-19 
infection (65). 
 
RECENT GUIDELINES 
 
The high blood pressure clinical practice guidelines 
released by the ACC/AHA Task Force in 2017 
redefined hypertension as a blood pressure greater 
than 130/80 mm Hg and eliminated the category of 
pre-hypertension altogether. By lowering the threshold 
for diagnosis, this new definition immediately 
reclassifies a large proportion of individuals with 
diabetes as hypertensive, and consequently raises the 
incidence and prevalence of hypertension in the 
diabetic population. These guidelines recommend that 
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pharmacologic therapy be initiated in patients with 
diabetes who have a blood pressure of greater than 
130/80 mm Hg as it is assumed that they have an 
increased risk of cardiovascular disease. In the 
general population it is recommended that the 10-year 
atherosclerotic cardiovascular disease (ASCVD) risk 
be calculated. Pharmacotherapy should be initiated in 
those with an ASCVD risk of greater than ten percent 
when the blood pressure is greater than 130/80 mm 
Hg while the remainder can be treated with lifestyle 
modification alone (66). 
 
The position statement on cardiovascular risk 
management in diabetes released by the American 
Diabetes Association (ADA) in 2021 retains the 
traditional cut off of 140/90 mm Hg for diagnosis of 
hypertension among individuals with diabetes. Just 
like the ACC/AHA guidelines, the ADA guidelines 
incorporate the ASCVD risk calculator in their 
treatment algorithm. The ADA guidelines differ 
however, in that the score is used to determine the 
target blood pressure. Thus, individuals with diabetes 
who have a score below fifteen percent have a target 
blood pressure of less than 140/90 mm Hg while 
individuals with a score greater than fifteen percent 
should aim for less than 130/80 mm Hg if such a goal 
can be safely achieved. This approached is based on 
observations from the SPRINT and other trials that the 
absolute benefit from BP reduction correlated with 
absolute baseline cardiovascular risk. These 
guidelines also emphasize the importance of 
individualized treatment targets and considering 
patient preferences and provider judgement when 
setting blood pressure goals (67). 
 
Both the ACC/AHA guidelines and the ADA guidelines 
recommend pharmacologic therapy with two drugs 
belonging to different classes in patients with stage 2 
hypertension, defined as a blood pressure greater 
than 160/100 mm Hg. This recommendation is based 
on evidence from multiple trials showing that 
combination therapy is safe and more efficacious than 

monotherapy in achieving blood pressure control. 
Combination therapy also leads to faster lowering of 
blood pressure and accelerates achievement of target 
levels, minimizing target organ damage in patients 
with stage 2 hypertension. The ADA guidelines also 
support use of single pill fixed dose combinations to 
maximize patient adherence. However, it should be 
noted that single pill combinations are often difficult to 
titrate, leading to suboptimal dosing of one component 
because of intolerance to maximal dosing of the other. 
This is especially relevant for ACE-inhibitors, ARBs 
and beta-blockers that show dose dependent benefits 
and should always be up titrated to maximally 
tolerated doses. 
 
SUMMARY 
 
Adequate treatment of hypertension in patients with 
diabetes is critical for prevention of end-organ damage 
and limiting the massive socioeconomic burden 
imposed by these disorders. 
However, despite an abundance of evidence 
supporting tight control of blood pressure in diabetic 
individuals, it is sobering to note that BP targets are 
not met in the majority. Indeed, a larger retrospective 
registry-based study showed that as recently as 2018 
only 48% of adults with diabetes were able to achieve 
a blood pressure of less than 130/80 mm Hg (68). 
Barriers to achieving good control include poor access 
to quality healthcare, lack of awareness among 
patients and providers, and concerns about side 
effects of tight control especially among older and frail 
individuals.  
 
Judicious selection of therapy and consideration of 
relevant side-effect profiles is paramount. The 
potential for both beneficial and detrimental drug 
interactions should be kept in mind and drug 
combinations should be chosen after due deliberation. 
ACE inhibitors and ARBs continue to enjoy a special 
place in the management of hypertension in patients 
with diabetes and remain the preferred agents in this 
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population subgroup. Combined use of these agents, 
however, is not recommended due to poor renal 
outcomes and hyperkalemia. The ancillary 
antihypertensive effects of antidiabetic medications 
should also be considered when designing an optimal 
regimen. 
 
Goal blood pressure in patients with diabetes remains 
a subject of active discussion. This is reflected in the 
divergent recommendations offered by major 
organizations as noted above. While the evidence for 
lowering of blood pressure to a target of 140/90 mm 

Hg is unequivocal, the benefits of further 
intensification of therapy are less clear and must be 
balanced against the risk of adverse events such as 
falls, electrolyte abnormalities, and renal failure. 
Moreover, BP measurement protocols applied in trial 
settings can yield lower readings than comparable 
measurements in real world clinic settings, raising 
questions of whether such tight control is truly needed. 
A nuanced approach based on cardiovascular risk 
factors, comorbidities and patient preferences is 
encouraged. 
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