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ABSTRACT

The co-existence of hypertension and diabetes, both being major risk
factors for cardiovascular events, increase the occurrence of possible
microvascular and macro-vascular complications. Treatment of
hypertension in patients with diabetes is challenging due to their higher
risk of developing resistant hypertension and their lower tolerance to
aggressive antihypertensive treatment. The optimal blood pressure
range for hypertensive diabetic patients is slightly different in different
standard guidelines, which over years of research produced a range
that may result in the best possible health outcome, yet the recent
studies have different suggestions on debate. The management of
hypertension in diabetes requires a strategic approach in accordance

with the standard guidelines, and on the basis of cardiovascular status and complex metabolic

derangements seen in the population subgroup. Although the aggressive management of

blood pressure remains to be the initial approach in all patients with hypertension regardless

of the comorbid conditions, there are certain clinical trials that prove in contrast with the

recommended strategies. All the major antihypertensive classes of drugs are used in patients

with diabetes, but certain classes of drugs such as beta-blockers have been reported to have a

negative impact on diabetes, which must be reconsidered for their risks over benefits before

administration. The objective of this review is to discuss target blood pressure goals, strategic

approach and choice of agents for the treatment of hypertension in patients with concurrent

diabetes. In this study, we also assess the impact of hypertension therapy on diabetes and

their associated complications.
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INTRODUCTION

Hypertension is one of the major comorbidities of type 2 diabetes mellitus (T2DM), both
constituting the major cardiovascular risk factors, increases the chances of related
microvascular and macro-vascular events in coexistance.! Almost 70% of adult (type 2)
diabetes patients have clinical hypertension and it is debatable whether the association of
hypertension with diabetes is an independent syndrome or an epidemiologic coincidence.
Both conditions are age-dependent and frequently coexist in the same individuals, making it
difficult to draw firm conclusions about their association.’!. Moreover, patients with
hypertension often exhibit insulin resistance and have a higher risk of developing diabetes
compared to normotensive individuals.”! High blood pressure is reported in over two-thirds
of patients with type 2 diabetes, and its development coincides with the development of
hyperglycaemia, and both microvascular and macro-vascular problems in diabetes are
accelerated by raised systemic blood pressure.*®! The aggressive management of blood
pressure to achieve the target remains the main the priority in treatment of hypertension in
diabetes, even though the precise blood pressure targets for patients with diabetes remain
unresolved.[*™ Controlling blood pressure can help diabetes patients avoid cardiovascular
complications by the reduction in the risk of developing any diabetes-related complication
and mortalities, myocardial infarction, and the risk of cardiovascular events.®! The
management of hypertension in adults with diabetes is not well established though it is
crucial in these patients.! It is unclear whether there are any variations in management of
blood pressure in hypertensive patients with diabetes, despite the recommendations by
standard guidelines for more aggressive hypertension management.™*! Furthermore, different
guidelines place subtly different emphases on optimal therapy for hypertensive diabetics, and
recent research on antihypertensive drugs has shown that they can also effect insulin

sensitivity, thereby confusing the association.!*!

The purpose of this paper is to provide evidence-based recommendations to determine blood
pressure goals, treatment regiments, appropriate antihypertensive drug classes, and treatment
priorities for hypertension in patients with diabetes. The study will also examine the available
literature and assess the impact of hypertension therapy on diabetes and associated

cardiovascular complications.
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1. Target Blood Pressure in Patients with Diabetes

It is crucial to maintain optimal blood pressure in order to minimize diabetes-related
morbidity. The benefits of achieving the target blood pressure in patients with diabetes are
emphasized in the reports from the United Kingdom Prospective Diabetes Study
(UKPDS).[M253] The study showed that tight blood pressure control reduces the incidence of
diabetes-related fatalities and complications in people with hypertension and type 2 diabetes,
which is clinically significant.*® Each 10 mmHg drop in mean systolic blood pressure was
associated with 12% lower risks for all complications connected to diabetes, 15% lower rates
of mortality related to diabetes, 11% lower rates of myocardial infarction, and 13% lower
rates of microvascular complications.®® The WHO and the seventh report of the Joint
National Committee (JNC) advised the systolic blood pressure target of <130 mmHg and that
pharmacologic therapy be initiated in diabetic patients when SBP >130 mmHg.[14'15] The
intensive therapy group in the Appropriate Blood Pressure Control in Diabetes (ABCD) trial
did show a significant reduction in the progression of retinopathy, albuminuria, and absolute
risk of stroke, with an achieved mean blood pressure of 128/75 mm Hg (systolic target <130
mm Hg).'*? However, the systolic blood pressure target of <130 mm Hg previously
recommended by major guidelines for diabetic patients was not based on evidence from any
large-scale randomized trials, as most of these trials had the absolute in-treatment SBP values

>130 mm Hg, except in the above mentioned ABCD trial.[*32

The 8™ report of JNC guidelines that was published later in the year 2014 recommended
initiating treatment when SBP is >140 mm Hg, with a target SBP goal of <140 mmHg.[le] It
is noticeable that the guidelines published in recent years have shifted the target blood
pressure from <130/80mmHg to <140/90mmHg, leading to considerable gap.'*! The
European Society of Hypertension (ESH) and American Society of Hypertension (ASH) that
were published in the year 2013 and 2014 respectively, support the target blood pressure of
<140/90mmHg.[?%%22] The American Diabetes Association (ADA) applied the same target in
patients in the age group between 18-50 years.!?”! This target range was also supported by the
previously conducted ACCORD trial and furthermore, studies such as the Action in Diabetes
and Vascular Disease (ADVANCE) trials and UKPDS showed the result supporting the latest
recommendations.®*"! Furthermore, according to the current body of evidence obtained from
the meta-Analyses of 13 randomized trials by Bangalore S et al., target systolic blood
pressure of 130-135 mmHg is concluded acceptable for individuals with type 2 diabetes

mellitus, impaired fasting glucose, and impaired glucose tolerance.’?® But the ideal blood
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pressure target in the subgroup still remains unclear as the evidence from several other
clinical trials suggest that the blood pressure readings greater than 130/80 mmHg being
associated with a higher risk of renal and cardiovascular illness.”®?*! Even though no
convincing number of evidences supported the idea that lowering systolic blood pressure
below 130 mmHg was beneficial for patients with diabetes, there are numerous evidence
suggesting that the diastolic blood pressure of ~80 mmHg in diabetic patients is associated

with the greatest reduction in cardiovascular mortality.***"]

Guideline Target blood Recommended First-Line Agents
pressure
WHO <130/80 mmHg | ACE inhibitors or ARBs
JNC-7 <130/80 mmHg | ACE inhibitors, ARBS, BB or CCBs
ESH/ESC | <130/85 mmHg | ACE inhibitors or ARBs
ADA <140/80 mmHg | ACE inhibitors or ARBs
ASH <140/80 mmHg | ACE inhibitors or ARBs
Thiazide type diuretics, ACE
INC-8 <140/90 mmHg |3 iivors, ARBs or CCBs
CHEP <130/80 mmHg | ACE inhibitors or ARBs

Target blood pressure and first-line agents that are recommended by various standard
guidelines. Abbreviation: WHO- World Health Organization; JNC- Joint National
Committee; ESH- European Society of Hypertension; ESC- European Society of Cardiology;
ADA- American Diabetes Association; ASH- American Society of Hypertension; CHEP-

Canadian Hypertension Education Programme.

2. Hypertension Therapy in Diabetes

Treatment of hypertension in patients with diabetes is challenging due to their higher risk of
developing resistant hypertension and other cardiovascular complications that can lower the
tolerance to aggressive antihypertensive treatment.*® The management of hypertension in
adults with diabetes is not well established though it is crucial in these patients.!) Hence, an
effective treatment regimen must be instituted considering the cardiovascular status and
complex metabolic derangements seen in the population subgroup.**! An integral
component of the management of hypertension in patients with diabetes is the institution of
lifestyle changes.!”” These include reducing one's weight, getting more exercise, drinking
less alcohol, nicotine cessation, and reduction in sodium consumption (less than 2.4
g/d).?22371 Apart from behavioural therapy and recommended lifestyle modifications,
pharmacological therapy is implemented based on the patient’s condition.* And the

antihypertensive treatment regimen recommended by standard guidelines varies based on
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different facets.l' The American Diabetes Association (ADA) recommends the first-line
therapy consisting of a medication class with proven cardiovascular advantages, such as a
renin-angiotensin system (RAS) inhibitor: angiotensin-converting enzyme inhibitor (ACEI)
or angiotensin receptor blocker (ARBS); or thiazide-like diuretic, or calcium channel blocker
(CCB).*! If the baseline blood pressure is greater than 150/90 mmHg or if the target BP is
not met with RAS blockers, it is advisable to add a second medication, ideally a thiazide
diuretic (chlorthalidone or hydrochlorothiazide) or a CCB, since they can provide
cardiovascular protection.”®! Titration of the thiazide-type diuretic to 25 mg/d or CCB to the
highest acceptable dose is advised if, after 2 to 4 weeks of adding a diuretic or CCB, the
blood pressure is still not at the desired level.”’? A thiazide-type diuretic (Chlorthalidone)
outperformed an adrenergic blocker (doxazosin) in Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trials (ALLHAT), and it also found to have decreased CV
events in diabetes more than CCBs (amlodipine) or ACEls (Lisinopril) did.??4*“! Since
blood pressure control is more challenging to accomplish in diabetic patients than in those
without diabetes, it is necessary to use combination therapy. According to the Journal of the
American College of Cardiology, ACE inhibitors and ARBs having the highest efficacy on
urine albumin excretion of all drug classes can be used in the combination with other
antihypertensive drugs.!?®! Alternately, combining a dihydropyridine CCB in moderate doses
with a non-dihydropyridine CCB (such as verapamil or diltiazem) has synergistic effects on
reducing the blood pressure and will aid in achieving target blood pressure in diabetic
patients.’**!J In the remaining circumstances where target blood pressure is still not achieved,
a fourth and possibly a fifth agent will be needed, in which case an adrenergic blocker or an

aldosterone antagonist can be used.?

3. Preferred Antihypertensive Drug Class in Patients with Concurrent Diabetes
The management of hypertension in diabetes can benefit from the use of all main
antihypertensive medication classes, including ACE inhibitors, ARBs, CCBs, and

diuretics.[?%

It is evident that various classes of antihypertensive medications have different
effects on blood pressure, and different clinical consequences such as microvascular
complications and cardiovascular events further alter the efficacy of drug classes.*”
Regardless of race, JNC 7 addressed the choice of suitable antihypertensive classes for the
management of hypertension in people with diabetes mellitus: Diuretics, ACE inhibitors,
beta-blockers, ARBs, and CCBs were the classes advised.!*® The 8" report of JNC noted that

there is insufficient information to show that certain classes of agents have different results,
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however, the recommendation included either thiazide-type diuretics, ACE inhibitors, ARBs,
or CCBs as initial therapy for non-black patients with diabetes mellitus.®! According to other
guidelines including ESH, WHO, and ASH, the treatment strategy in people with diabetes
should include an ACE inhibitor or an ARB as their preferred antihypertensive class.[?**
These drugs are considered to be highly efficient as they significantly slowed the course of
moderately to substantially elevated albuminuria in a meta-analysis of RCTs with
hypertensive diabetic patients.[%] According to Canadian Diabetes Association (CAD), the
control of blood pressure is thought to be equally successful with ACEIs/ARBs, CCBs
(dihydropyridines), or thiazide/thiazide-like diuretics in those with diabetes and
hypertension.””? Even though ESH/ESC recommendations emphasize that all classes of
antihypertensive drugs are approved for individuals with diabetes, there are studies that
suggest the potential adverse of using beta blockers.!"*?) However, they can be taken into
account for blood pressure control if the pulse rate increases even after using at least two
distinct antihypertensive medications. %%

4. Aggressive Blood Pressure Control

The aggressive blood pressure control remains one of the most prioritised treatment approach
for the management of hypertension, but in the presence of additional comorbidities such as
diabetes, it is unclear whether this method is benefitted or possess a relative threat.[®”!
However, the results from ADVANCE trial showed that an aggressive systolic and diastolic
blood pressure reduction (mean achieved blood pressure of 134/74 mm Hg versus 140/76 mm
Hg) significantly reduced microvascular events, cardiovascular fatalities, and all-cause
mortality.*"*®1 Furthermore, the ACC/AHA researchers emphasize that reducing blood
pressure is the primary method for lowering cardiovascular risk in hypertensive individuals
without making a preference for which antihypertensive medication should be started
initially.’® Contrary to this, a large hospital-based cohort study conducted by Berlowitz DR et
al., found that aggressive blood pressure control (i.e., SBP <120 mmHg or DBP <70 mmHg)
was associated with an increased risk of cardiovascular diseases among patients with type 2

diabetes.”!

Although the blood pressure goals of <140/90 mmHg are generally
recommended for the management of hypertension, a more aggressive aim of 130/80 mmHg
for individuals with diabetes mellitus was not found to be helpful according to the ACCORD
trial.”®! Recent studies suggest that aggressive blood pressure management, though highly
recommended, may not be in the patient's best interests. Aggressively achieved low levels of

diastolic blood pressure (DBP) have been associated with increased cardiovascular events, a
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situation known as the J-curve effect.®™ Results from multiple meta-analyses of randomized
outcome studies on populations with or including a sizable subgroup of people with diabetes
support a conservative rather than an aggressive blood pressure target.!”®*21 Multiple
epidemiological population studies and a meta-analysis of randomized controlled trials reveal
an inverse association between mortality risk and blood pressure in older participants from
the general population, making the aggressive treatment even more debatable as people
age.2**! The findings from post hoc analysis in the cohort of diabetes patients conducted by
Cooper-DeHoff RM et al., showed that tight systolic blood pressure management was not
linked to better cardiovascular outcomes when compared to conventional control. The study
concluded that it was advisable to maintain the systolic blood pressure between 130 and 139
mm Hg all the while concentrating on weight loss and maintaining a healthy diet to reduce

long-term cardiovascular risk.®!

5. Impact of Hypertension Therapy on Diabetes

Although the antihypertensive treatment can help reduce the risk of cardiovascular events,
there are several studies uplifting the few positive and several negative impacts these drugs
possess over the presence of concurrent diabetes. Clinical evidence suggests that while
treating hypertension, a-adrenergic blocking drugs, central nerve sympatholytic drugs, and
ACE inhibitors enhance insulin sensitivity, whereas [-blockers and diuretics may impair
insulin resistance.””) One would anticipate that some of these medications may, over time,
either lower or increase the rates of new-onset diabetes because insulin resistance is a
precursor to diabetes. Recent research has produced some intriguing findings that raise the
possibility of this being the case considering the negative effects of some antihypertensive
drugs on glycaemic control and their worsening metabolic risk factors.*8 These
investigations have shown that the majority of antihypertensive drugs decreases insulin
sensitivity concurrently with changes in the atherogenic lipid profile.*> Some retrospective
studies have found evidence of an increase in cardiovascular mortality in diabetes patients
taking diuretics.” Also in the study conducted by Harper R et al., a significantly low in-vivo
insulin sensitivity was shown by diuretics (bendrofluazide) at a daily dose of 5 mg.[4°]
Combining atenolol (beta blockers) with low-dose chlorthalidone (thiazide diuretics) was
linked to elevated triglyceride levels and decreased insulin sensitivity.** Additionally,
previous observational studies have generally reported an elevated risk of diabetes among
people taking thiazide diuretics,**! and that high doses of thiazide diuretics have the potential

to exacerbate critical metabolic factors like glucose and cholesterol levels.!*!
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On the other hand, treatment with beta-blockers has been linked to weight gainand a
diminished release of insulin by pancreatic beta cells, both of which may be risk factors for
diabetes.*®3% In the study conducted by Gress TW et al., the use of beta-blockers was found
to have been associated with a 28% rise in the risk of diabetes.*] The risk has also been
warned in earlier observational studies, with the estimates of the relative risk being often
larger. For example, in a study conducted by Samuelsson O et al., participants who took beta-
blockers (propranolol) had a risk of diabetes that was up to 6.1 times higher than those who
did not.*®¥ The ALLHAT study comparing an adrenergic blocker against calcium channel
blockers and ACE inhibitors showed a rise in cardiovascular events in patients taking the
adrenergic blockers.E"*®! However, ALLHAT has highlighted the decreased cardiovascular
events in patients treated with a thiazide-type diuretic (Chlorthalidone), which had even
outperformed a CCB and ACE inhibitor, concluding that thiazide diuretics were relatively
safe in diabetic patients.’?54%¢] On this basic, even though beta blockers could show negative
effect in the subgroup, it was advised to be used in the patients after careful consideration of

efficacy against the possible adverse effects on patients with diabetes.[***!

CONCLUSION

One of the major challenges confronting current healthcare is the treatment of hypertension in
diabetic individuals, as the subgroup is far more likely to experience cardiovascular
problems. Therefore, it is necessary to first achieve the target blood pressure and following
the initiation of the treatment, conduct screening to evaluate for any negative effects or
adjustments. There is an agreement that interventions should be initiated earlier in
hypertensive diabetics than in their nondiabetics, but once the blood pressure is achieved, a
stratified consideration of the therapeutic approaches designed in order to reduce
complications in this subgroup must be followed. All the main classes of antihypertensive
medication, including ACE inhibitors, ARBs, CCBs, and diuretics are used in the
management of hypertension in diabetes, and their different effects on blood pressure and
different clinical consequences cardiovascular events further alter the efficacy of drug
classes. Various clinical trials suggest focusing on aggressive blood pressure control over the
class of antihypertensive used, yet it is necessary to maintain optimal blood pressure and the

selection of appropriate drug class.

Although there are worries about negative metabolic consequences and a lack of

hypoglycaemic consciousness among adrenergic blockers and diuretics, they play an
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important role in the care of diabetic patients. Thus it is advisable that the careful

consideration of risk and benefits must be calculated before administrating these classes of

drugs. This study helps to understand that the utilization of appropriate antihypertensive drug

regimens based on patient condition can effectively decrease the incidence of cardiovascular

events in hypertensive diabetic patients.
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