
Background

Arterial hypertension (HTN) is a comorbidity frequently as-
sociated to diabetes mellitus (DM), affecting most of the pa-
tients, with a prevalence related to age, obesity, DM type,

ethnic group, etc. HTN is a major factor risk both for ather-
osclerotic cardiovascular disease (ASCVD) and for microvas-
cular complications of DM. In type 1 DM, HTN is most
often the result of diabetic nephropathy, while in type 2 DM,
this coexists with other cardiometabolic risk factors [1].

HTN prevalence in DM patients is higher than in gen-
eral population: approximately 49% of type 1 DM patients
and over 60% of type 2 DM have HTN [2, 4-7].

Obesity, age, onset of chronic kidney disease (CKD)
favour HTN prevalence increase. DM and HTN represent
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Abstract

Arterial hypertension (HTN) is a major risk factor both for atherosclerotic cardiovascular disease (ASCVD) and for microvas-
cular complications of diabetes mellitus (DM). While the evolution of type 2 DM doubles the cardiovascular risk in men and
triples it in women, HTN increases the cardiovascular risk by four times in DM patients. ASCVD represent the main cause
of morbidity and mortality for DM patients and it is the highest contributor of direct and indirect costs for DM. Obesity, age,
onset of chronic kidney disease (CKD) favor increasing of HTN prevalence. DM and HTN represent additional risk factors
for ASCVD. Type 2 DM is characterized by a long duration of insulin resistance, with compensatory hyperinsulinemia and
various degrees of hyperglycemia, associated to a high cardiovascular risk and development of macrovascular complications
before diagnosis. Decrease of arterial pressure with various treatment plans proved to be efficient in reducing the cardiovascular
events. Although proof regarding the distinct advantages of renin-angiotensin system (RAS) inhibitors on the ASCVD results
in DM still remain unclear, the high risk for ASCVD associated to DM and high prevalence of undiagnosed ASCVD may
continue to favor recommendations for using RAS inhibitors as a first line antihypertensive treatment in persons with DM.
The main objective in treating HTN in DM patients is to decrease blood pressure (BP) < 140/90 (ADA and JNC8), or BP <
140/85 (ESC/EASD) mm Hg. In order to reach these values, a combination of several antihypertensive drugs is required in
various patients with HTN and DM. 
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additional risk factors for ASCVD. While the evolution of
type 2 DM doubles the cardiovascular risk in men and triples
it in women, HTN increases the cardiovascular risk by four
times in DM patients [2, 8-9].

ASCVD defined as: acute coronary syndrome, mycocar-
dial infarction, stable or unstable angina pectoris, revascular-
ization in coronary arteries or in other arteries, stroke,
transitory ischemic stroke or peripheral arterial disease, sup-
posed to have an atherosclerotic origin,  represent the main
cause of morbidity and mortality for DM persons and it is the
highest contributor of direct and indirect costs for DM [1].

The most frequent diseases associated to type 2 DM (for
example, HTN and dyslipidemia) are most certainly risk fac-
tors for ASCVD, while the DM presence provides an inde-
pendent, additional risk. 

There is proof that the risk for heart disease after 10
years, in American DM adults, has significantly improved in
the last ten years [1, 10] and that motality and morbidity
caused by ASCVD have decreased [1, 11-13].

Risk factors for ASCVD in the hypertensive patient:
sex, age (men ≥55 years old; women ≥65 years old), smoking,
dyslipidemia [total cholesterol >4.9 mmol/L (190 mg/dL),
and/or LDL cholesterol >3.0 mmol/L (115 mg/dL), and/or
HDL cholesterol: men <1.0 mmol/L (40 mg/dL), women
<1.2 mmol/L (46 mg/dL), and/or triglycerides (TG)>1.7
mmol/L (150 mg/dL)], a jeune glycemia 5.6–6.9 mmol/L
(102–125 mg/dL), abnormal glucose tolerance test, obesity
[BMI ≥30 kg/m2], abdominal obesity (waist circumference:
men ≥102 cm; women ≥88 cm, in Caucasian population),
family history including premature cardiovascular disease
(CVD) (men <55 years old; women  <65 years old) [3].

Except for the risk factors, the prognosis of the hyper-
tensive patient is also influenced by: asymptomatic damaging
of target organs, presence of DM, stage of CKD and presence
of symptomatic ASCVD (Table 1) [3].

There were developed several computerized models in
order to estimate the total cardiovascular risk. One of these,
the SCORE diagram (Systematic COronary Risk Evaluation)
was developed based on extended European cohort studies.
This model estimates the risk for cardiovascular cause death
risk after 10 years, taking into consideration age, sex, smok-
ing habit, total cholesterol and systolic blood pressure [3, 14].

The risk may be higher than the one in the diagram in
the following situations: sedentary subjects and with abdom-
inal obesity; a relatively high risk associated with overweight
is higher in the young than in the old; socially underpriv-
iledged persons and ethnic minorities; subjects with im-
paired fasting glucose (IFG) and/or impaired glucose
tolerance (IGT), who do not meet the diagnostic criteria for
DM; subjects with high values of TG, fibrinogen, B
apolipoprotein, recative C-protein; persons with a family his-
tory of premature ASCVD (before 55 years old in men and
65 years old in women) [3].

Hypertension – Diabetes – Atherosclerotic
cardiovascular disease relationship

The cardiovascular continuum in type 2 DM. Type 2 DM
is characterized by a long duration of insulin resistance, with
compensatory hyperinsulinemia and various degrees of hy-
perglycemia, associated to a high cardiovascular risk and de-
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Table 1. Stratification of total cardiovascular risk in low, moderate, high and very high, according to the systolic blood pressure (SBP),
dyastolic blood pressure (DBP), risk factors prevalence, asymptomatic organ damaging, CKD stage or symptomatic ASCVD. 

Other risk factors, asymptomatic organ
damaging or disease presence

Arterial blood pressure (mmHg)

High normal 
SBP 130-139 or 
DBP 85-89

First degree HTN 
SBP 140-159 or 
DBP 90-99

Second degree HTN 
SBP 160-179 or 
DBP 100-109

Third degree HTN 
SBP ≥ 180 or 
DBP ≥ 110

No risk factor Low risk Moderate risk High risk

1-2 risk factors Low risk Moderate risk Moderate/ high risk High risk

≥ 3 risk factors Low/ moderate risk Moderate/ high risk High risk High risk

Organ damaging, stage 3 CKD or DM Moderate/ high risk High risk High risk High / very high risk

Symptomatic ASCVD, CKD stage ≥ 4, or
DM with organ damaging/ risk factors

Very high risk Very high risk Very high risk Very high risk



velopment of macrovascular complications before diagnosis.
Prior to DM diagnosing there may be observed the IFG and
IGT, followed by DM and ASCVD, thus supporting the con-
tinuum glycemic concept [2]. The development of ASCVD
in persons with insulin resistance (IR) is a progressive
process, characterized by an early onset of endothelial dys-
function and inflammation of vessels, leading to monocyte
recrution, foam cell emergence and subsequent development
of lipidic striae, followed by atheroma plaques, which, in the
presence of inflammation, become unstable, break and lead
to the formation of occlusive thrombi (Figure 1). Atheroma
plaques in patients with DM contain various lipids, inflam-
matory changes and thrombi [2].

Pathophysiology of IR in type 2 DM. IR plays an im-
portant part in type 2 DM and ASCVD physiopathology and
both genetic and environment factors contribute to its de-

velopment. Over 90% of DM persons are obese [2, 15], the
release of free fatty acids (FFA) and cytokines from the adi-
pose tissue directly affecting insulin sensitivity. In the mus-
cles and adipose tissue, the formation of reactive oxygen
species (ROS) induced by FFA attenuates the activation of
the insulin receptor 1st layer and the PI3K-Akt signal, leading
to the phenomenon called downregulation of GLUT-4 car-
riers (Figure 1) [2, 16-17].

Endothelial dysfunction, oxidative stress and vascular
inflammation. FFA induced alteration in the PI3K way at-
tenuates the AKt activity and the endothelial nitric oxide syn-
thase (eNOS), thus resulting in the decrease of nitric oxide
(NO) formation, endothelial dysfunction [2, 18] and vascular
remodeling (increase of intima-media thickness), all these fac-
tors being important predictors for ASCVD (Figure 1)  [2,19-
20]. 
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Figure 1. Hyperglycaemia, IR, HTN and ASCVD (adapted from [2]). AGE= advanced glycated end-products; FFA =free fatty acids; GLUT-
4 = glucose transporter 4; HDL-C = high-density lipoprotein cholesterol; LDL = low-density lipoprotein particles; NO = nitric oxide; PAI-1
= plasminogen activator inhibitor-1; PKC = protein kinase C; PPARy = peroxisome proliferator-activated receptor y; PI3K = phosphatidyli-
nositide 3-kinase; RAGE = AGE receptor; ROS = reactive oxygen species; SR-B = scavenger receptor B; tPA = tissue plasminogen activator.



In its turn, the ROS accumulation activates the tran-
scription factor NF-kB, leading to a high expression of in-
flammatory adhesion molecules and cytokines [2, 21].

Chronic IR stimulates pancreatic secretion of insulin,
thus generating a complex phenotype that includes the beta-
cell progressive dysfunction [2, 22], a low insulin level and
increase of plasma glycemia. 

Recent proof suggests that ROS production induced by
hyperglycemia is involved in the persistence of vascular dys-
function, despite the normalizing of plasma glycemia. This
phenomenon was called “metabolic memory" and it may ex-
plain the progression of macro and microvascular complica-
tions, despite the intensive glycemia control, in DM patients
(Figure 1) [2, 23-25].

Macrophage dysfunction.  Macrophage increase in the
adipose tissue in obese persons represents a key process in
metabolic inflammation and IR [2, 26].  In the IR presence,
the macrophages increase the B scavenger receptor expres-
sion and of oxidized low density lipoproteins (LDL), thus
promoting the formation of foam cells and atherosclerosis.
It seems that macrophage abnormalities provide a cellular
connection between DM and ASCVD, both by the IR in-
crease and by contributing to the development of lipidic
striae and vascular lesions (Figure 1).

Atherogenic dyslipidaemia. Therefore, the high pro-
duction of very low-density lipoprotein (VLDL) in the liver
appears due to the increase of the lipidic sublayer, decrease
of apolipoprotein B-100 degradation (ApoB) and increase of
lipogenesis. In type 2 DM and the metabolic syndrome, these
changes lead to a lipidic profile characterized by the increase
of triglycerides (TGs), decrease of high-density lipoprotein
cholesterol (HDL-C), increase of lipoprotein remnants,
apolipoprotein B (ApoB) synthesis and of small and dense
LDL particles (Figure 1) [2, 27-28].

Coagulation and platelet function. In type 2 DM pa-
tients, IR and hyperglycemia participate in the pathogenesis
of a prothrombotic state characterized by the increase of plas-
minogen activator inhibitor-1 (PAI-1), of factors VII and XII
and fibrinogen, and the reduction of the tissular plasmino-
gen activator level (tPA). Among the factors that contribute
to the high risk of coronary events in DM, hyper-reactivity
of thrombocytes has a major relevance. A series of mecha-
nisms contribute to the platelet dysfunction, affecting the
adhesion and activation, as well as aggregation, stages of
platelet mediated thrombosis (Figura 1) [2, 29-30].

Diabetic cardiomyopathy. Diabetic cardiomyopathy rep-
resents the clinical condition diagnosed when faced with ven-
tricular dysfunction in the absence of coronary

atherosclerosis and HTN. The patients with dilating car-
diomyopathy were 75% more susceptible to have DM than
the patients in the control group with the same age [2, 31].
IR, hyperinsulinemia, hyperglycemia, ROS accumulation,
AGE / RAGE signals (advanced glycated end-products), hex-
osamine flow lead to structural heart abnormalities (myocar-
dial hypertrophy, ventricular rigidity fibrosis, coronary
circulation damaging) and functional ones (myocardial con-
tractility damaging, heart dysfunction) (Figure 1) [2, 32-33].

The metabolic syndrome (Mets).  Mets is defined as a
group of risk factors for ASCVD and type 2 DM, including
HTN, dyslipidemia (high TG and low HDL cholesterol),
high plasma glycemia and abdominal obesity [34]. Although
there is consent that Mets requires importance, there has
been an active debate regarding the terminology and diagno-
sis criteria connected to its definition. Despite all this, the
medical community agrees that the term "Mets" is appropri-
ate for representing a combination of multiple risk factors.
Even though Mets does not include the well-established risk
factors (age, sex, smoking), patients with Mets present a two
times higher risk for ASCVD and 5 times higher for devel-
oping type 2 DM. 

Endothelial progenitor cells (PEC) and vascular repair.
It seems that bone marrow derived cells circulating in the
blood play a critical part in the endothelial repairing process.
PEC, a sub-population of adult stem cells, are involved in
maintaining the endothelial haemostasis and contribute to
the formation of new blood vessels. Although the mecha-
nisms by which PEC protect the cardiovascular system are
unclear, proof shows that function damaging and PEC re-
duction are characteristic for DM. Therefore, these cells may
become a potential therapeutical target for managing the vas-
cular complications of DM [2, 35].

There may be concluded that oxidative stress plays an
important role in the development of micro and macrovas-
cular complications of DM. Taking into consideration that
the cardiovascular risk is not stopped through an intensive
glycemia control associated to the optimal multifactorial
treatment, there are required treatment strategies based on
the physiopathological mechanisms involved in the onset of
chronic complications [2].

HTN management in DM patients

Lifestyle optimization. Even though there are no controlled
studies regarding the role of diet and physical exercise in the
treatment of DM and HTN patients, the study Dietary Ap-
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proaches to Stop Hypertension (DASH) assessed the impact
of healthy eating in the patients without DM and proved an-
tihypertensive effects similar to those in the pharmacological
monotherapy. 

Change of lifestyle consists in reducing body weight ex-
cess, limiting sodium intake (<2300 mg/ day), increasing
fruit and vegetable intake (8-10 portions a day) and low-fat
dairy products (2-3 portions a day), avoiding the excessive
intake of alcohol (no more than 2 portions a day in men
and no more than one portion a day in women), as well as
the increase of physical activity [1,36].

These (non pharmacological) strategies may also posi-
tively affect the glycemic and lipidic control and they must
also be encouraged in those with moderately high arterial
pressure, although the impact of lifestyle change upon the
cardiovascular events has not been established yet. 

If arterial pressure is confirmed to be ≥ 140 mmHg the
systolic one and/ or the diastolic ≥90 mmHg, the pharma-
cological treatment must be initiated together with the non
pharmacological one. 

Pharmacological therapy. Decrease of arterial pressure
with various treatment plans, including a variety of antihy-
pertensive drugs, like angiotensin conversion enzyme in-
hibitors (ACE Inhibitors), angiotensin receptor blockers
(ARBs), beta-blockers, diuretics and calcium cannal block-
ers, proved to be efficient in reducing the cardiovascular
events [1,37-39]. Nevertheless, several studies showed that
there is no specific advantage for the ACE Inhibitors when
initiating the anti HTN treatment in the hypertensive pop-
ulation in general, while treatment initiation with low doses
of thiazide diuretics shows some advantage in the cardiovas-
cular results [1,40-41].

Angiotensin Receptor Blockers (ARBs): in persons
with DM, the renin-angiotensin system (RAS) inhibitors
may show unique advantages for the initital or as early as
possible treatment for HTN. In patients with congestive
heart failure, also including the subgroup with DM, ARBs
showed the reduction of major ASCVD events [1,42]. In the
patients with type 2 DM and significant CKD, ARBs were
superior to the calcium cannal blockers in reducing heart
failure [1,43].

Although proof regarding the distinct advantages of
RAS inhibitors on the ASCVD results in DM still remain
unclear (11,22), the high risk for ASCVD associated to DM
and high prevalence of undiagnosed ASCVD may continue
to favour recommendations for using RAS inhibitors as a
first line antihypertensive treatment in persons with DM
[1,44].

The use of combined ACE inhibitors and ARBs is not
recommended, taking into consideration the lack of addi-
tional ASCVD benefits, but also a high rate of adverse events:
hyperkalemia, syncope and kidney failure [1,45].

Other Pharmacological Interventions. In the HTN
group from the ADVANCE Study, there was proven that the
usual administration of a fixed ACE inhibitor- diuretic com-
bination, namely perindopril-indapamide, significantly re-
duced the micro and macrovascular complications, and also
cardiovascular death and total mortality. These results may
also be due to reaching a lower arterial pressure in the perindo-
pril–indapamide arm. Another study proved a morbidity and
mortality decrease in the patients receiving benazepril and am-
lodipine in contrast to those who received benazepril and hy-
drochlorothiazides (HCTZ) [1,46]. The proven benefits of RAS
inhibitors in the patients with DM and albuminuria or kidney
failure give additional arguments for using these agents. 

When needed, in order to reach the objectives of arterial
pressure, there may be added amlodipine, HCTZs or chlorthali-
done. When the estimated glomerular filtration rate (eGFR)
value is < 30 ml/ min/ 1.73 m2, there should be prescribed a
diuretic in the ansa instead of HCTZs or chlorthalidone. 

Bedtime Dosing. More and more proof suggest that
there is an association between the arterial pressure increase
during sleep and the increase of ASCVD event incidence. We
should take into consideration the administration of one or
more antihypertensives in the evenings, before bedtime, as
DM patients present a higher percentage of the non dipping
phenomenon (lack of pressure decrease values during sleep)
[1, 47-48].

Other Considerations. Most patients with DM and
HTN require treatment including various drugs in order to
reach the therapeutical targets [1, 36]. The barriers staying in
the way of treatment adherence (such as adverse effects and
costs) should be identified and removed.  When arterial pres-
sure remains uncontrolled, despite treatment adherence, in
optimal doses of at least three antihypertensives from differ-
ent classes, from which at least one should be a diuretic, the
doctors should take into consideration an assessment for the
adverse effects of HTN.

Pregnancy and Antihypertensive Medications. In preg-
nant women with DM and HTN, the target HTN values are:
SBP= 110–129 mmHg and DBP=65–79 mmHg, these con-
tributing to the improvement of the long-term maternal health. 

A lower value of BP may be associated to interference in
fetal growth. During pregnancy, the treatment with ACE In-
hibitors and ARBs is not recommended, as it may lead to
fetal malformations. The antihypertensives considered effi-
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cient and safe during pregnancy include Metildopa, La-
betalol, Diltiazem, Clonidine and Prazosin. The chronic use
of a diuretic drug during pregnancy is not recommended, as
it was associated to a low volume of maternal plasma, which
may reduce the uteroplacental perfusion [1,49].

ESC/ESH 2013 Recommendations. The ESC/ESH
2013 Guide (Table 2) recommends the drugs that shoud be
used in a certain clinical context, based on the fact that these
drugs have proved their efficiency in clinical randomized
studies. Anyway, the curing doctor should take into consid-
eration the adverse events, even if these may sometimes be
subjective ones, as their onset may influence the patients’
treatment adherence. If it is considered necessary, the doses
or drugs may be changed in order to combine efficiency with
tolerance [3].

HTN in the hypertensive old patients with DM. Al-
though it is not unanimously established a definition for the
old, it is generally accepted that this concept reflects a con-
tinuum that starts around the age of 65 years old, it is char-
acterized by a slow progressive damage of the functions,
continuing up to the end of life. 

The old have a higher risk of developing type 2 DM due
to the combined effect of insulin resistance increase, as well
as to the pancreatic function damage with age. Age-related
IR seems to be mainly associated to adiposity, sarcopenia and
lack of physical activity [50].

Due to the fact that dyslipidemia and HTN are frequent
pathologies in the old, it is recommended the decrease of
lipids in these patients [51].

The old with DM have a higher rate of inferior extremity
amputation, of myocardial infarction, vision damage and
final stage CKD, in comparison to the people of the same
age, but with no DM. Patinets with DM aged over 75 years
old come to the emergency 2 times more often for hypo-
glycemias than the general population, and the ones aged
over 75 years old have higher rates of complications than
those aged between 64 and 74 years old, as well [50]. There
is solid proof showing that BP decrease from high values (for
example SBP of 170 mmHg) to moderate values (for example
SBP of 150 mmHg) reduces the cardiovascular risk in the old
patients with diabetes [50]. In the hypertensive old patients
with DM there is a consent regarding the target values of
glycemia, arterial pressure and lipidic values (Table 3) [1]

BP target values in patients with DM. SBP target val-
ues: persons with DM and HTN should be treated to reach
a SBP target value <140 mmHg; a SBP target value < 130
mmHg may be adequate for some persons with DM, such
as: the young, patients with albuminuria and/ or HTN and

one or more risk factors for ASCVD, when his BP value may
be reached without prescribing any excessive treatment [1].

DBP target values: persons with DM should be treated
to reach a DBP target value <90 mmHg; a DBP target value
< 80 mmHg may be adequate for some persons with DM,
such as: the young, patients with albuminuria and/ or HTN

J Hypertens Res (2016) 2(1):4–14
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Clinical Context Antihypertensive Drugs 

Asymptomatic organ damage 

Left ventricle hypertrophy ACEI, calcium antagonist, ARB 

Asymptomatic atherosclerosis calcium antagonist, ACEI

Microalbuminuria ACEI, ARB

Kidney damage ACEI, ARB

Clinical cardiovascular event

Stroke in medical history
Any drug may be efficient in de-
creasing BP

Myocardium infarction in
medical history

Beta-blockers, ACEI, ARB

Angina pectoris
Beta-blockers, calcium antago-
nist

Heart failure
Diuretics, Beta-blockers, ACEI,
ARB, mineralchorticoid receptor
antagonist

Aorta aneurism Beta-blockers

Atrial fibrillation prevention
ARB, ACEI, Beta-blockers or
mineralchorticoid receptor an-
tagonist

Atrial fibrillation and ventric-
ular allure control 

Beta-blockers, non-dihydropyri-
dine calcium antagonists 

Final stage CKD/ proteinuria ACEI, ARB

Pripheral arteriopathy ACEI, calcium antagonist

Others

Isolated systolic HTN (in the
old) 

Diuretics, calcium antagonist

Metabolic syndrome ACEI, ARB, calcium antagonist

Diabetes Melltius ACEI, ARB

Pregnancy
Metildopa, beta-blockers, cal-
cium antagonist

African-American population Diuretics, calcium antagonist

Table 2. Antihypertensive treatment, according to the clinical
context. 

ACEI=angiotensin-converting enzyme inhibitor, ARB=angiotensin
receptor blocker



and one or more risk factors for ASCVD, when this BP
value may be reached without prescribing any excessive treat-
ment [1].

Epidemiological tests proved that blood pressure
>115/75 mmHg is associated to a high rate of cardiovascular
events and mortality in patients with DM, and that DBP
>120 mmHg predicts the onset of CKD in final stage. Still,
randomized clinical studies have shown benefits for the DM
patients (reduction of coronary events, strokes, CKD) with
values of SBP < 140 mmHg and DBP < 90 mmHg.  [1,52]

A meta analysis of randomized clinical studies in adults
with type 2 DM, comparing the intensive reduction of BP
(down to values under 130 mmHg systolic and 80 mmHg di-
astolic) to the standard values (limits between 140–160
mmHg systolic and 85–100 mmHg diastolic), did not show
any significant reduction of mortality or non fatal myocardial
infarction. In this meta analysis, the relative risk for stroke
was statistically significnantly lower, by 35% in the intensive
treatment group, while the absolute risk was lower only by
1%, and, moreover, in the intensive treatment group the risk
for adverse events increased, sugh as arterial hypotension and
syncope [1,53].

When the studies were stratified according to the basic
SBP value: ≥ 140 mmHg or <140 mmHg, the antihyperten-
sive treatment was associated to a lower risk of stroke and al-

buminuria, independent of the initial SBP [1,54]. Thus, in
persons where the risk for stroke is a reason of concern, as
part of the ordinary decisional process, there may be estab-
lished lower BP target values, such as SBP< 130 mm Hg. 

Clear evidence from randomized clinical studies sup-
ports the DBP target value <90 mmHg. Previous recommen-
dations for SBP <80 mmHg were mainly based on the post
hoc study of the HOT group [1, 55]. A DBP target value <80
mmHg may be adequate for the patients with a long lifetime
expectation, for those with CKD, high albuminuria and for
those with additional risk factors for ASCVD, such as dys-
lipidemia, smoking and obesity [1].

The American Diabetes Association (ADA) Guide in
2016 was revised in order to reflect the high quality existent
evidence supporting a DBP target value <90 mmHg. These
target values are in accordance with the Eighth Joint Na-
tional Committee recommendations: the BP target values
for the individuals aged over 18 years old with DM are
SBP<140 mmHg and DBP<90 mmHg [1,56]

The patients’ characteristics in the table above represent
a general concept, as not all the patients definitely enter any
category. The presence of multiple chronic diseases involves
both polymedication and also a thorough management of
lifestyle in patients with arthritis, cancer, congestive heart
failure, depression, emphysema, HTN, at least stage III CKD,
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Characteristics of the patients/ 
health state 

(A1C) *
Glycemia (mg/dL)

BP (mmHg) Lipids 
a jeun/ preprandial at bedtime

Healthy (a few associated chronic dis-
eases, intact functional and cognitive sta-
tus). Long lifetime expectation

<7.5% 90–130 90–150 <140/90
Statines, if tolerated
and have no counter
indications 

Complex/ intermediary (multiple
chronic disease or more than two daily
activities affected or mild or moderate
cognitive deterioration). Average lifetime
expectation, risk for hypoglycemia 

<8.0% 90–150 100–180 <140/90
Statines, if tolerated
and have no counter
indications

Very complex/ damaged health state
(long term healthcare/ final stage
chronic diseases, or moderate to severe
deterioration of the cognitive function or
more than two daily activities affected).
Limited lifetime expectation makes ben-
efits to be uncertain. 

<8.5% 100–180 110–200 <150/90

It is taken into consid-
eration the probability
of the statine benefits
(more as a secondary
prevention than a pri-
mary intervention).

*a lower target value may be established for certain patients if it may be reached without any risk of repeated or severe hypoglycemia. 

Table 3. Individualization of treatment targets in old patients with DM [1]. 
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Class Action Advantages Disadvantages Cost

Biguanides ↓ glucose liver production 
Longtime experience  No hypo-
glycemia ↓ CVD events
(UKPDS)

Gastrointestinal adverse effects
vit B12 malabsorbtion, lactic
acidosis (rarely)

Low

Sulphonylureas ↑ insulin secretion
Longtime experience  ↓ mi-
crovascular risk (UKPDS)

Hypoglycemia ↑ in weight Low

Glinides ↑ insulin secretion
↓postprandial glycemia excur-
sions  Flexible dosage

Hypoglycemia ↑ in weight Moderate

TZDs ↑ insulin sensitivity
No hypoglycemia ↑ HDLc,
↓TG

↑ in weight Edemas/heart fail-
ure ↑ LDLc (rosiglitazone),
?↑myocardial infarction (rosigli-
tazone)

Low

α glucosidase in-
hibitors 

↓carbohydrate absorbtion
from the digestive tract 

No hypoglycemia ↓ postpran-
dial glycemia excursions ↓
CVD events (STOP-NIDDM)

Modest effect in A1C decrease
Gastrointestinal adverse effects 

Low up to 
moderate

DPP 4 inhibitors
↑ insulin secretion
↓glucagon secretion

No hypoglycemia Well-toler-
ated

Angioedema/rash  ? acute pan-
creatitis ↑hospitalization for
heart failure

High

Bile acid sequestrants
? ↓glucose liver production
?↑incretin level 

No hypoglycemia ↓LDLc
Modest effect in A1C De-
crease, ↑ TG, may ↓ the absorb-
tion of other drugs

High 

Dopamine 2 agonists
Modulates the metabolism
hypothalamic regulation  ↑
insulin sensitivity

No hypoglycemia ?↓CVD
events (Cycloset Safety Trial)

Modest effect in A1C decrease
Dizziness/syncope/nausea/
rhynities 

High

SGLT2 inhibitors 
Block glucose reabsorbtion
by the kidneys and increase
glucosuria 

No hypoglycemia ↓ in weight
↓BP Associated to the decrease
of CVD events and mortality
in CVD patients (EMPA-REG
OUTCOME)

Urinary infections Polyuria Hy-
potension/dizziness ↑ LDLc
↑creatinine (tranzitory) Dia-
betic cetoacidosis  Urosepsis,
pyelonephritis

High

GLP 1 receptor ago-
nists

↑ insulin secretion
↓glucagone secretion delay
of gastric evacuation ↑ sa-
tiability

No hypoglycemia ↓ weight ↓
postprandial glycemia excur-
sions  ↓ certain CV risk factors 

Gastrointestinal adverse effects
↑ ventricular rate ? increase risk
of acute pancreatitis, In-
jectable, requires training

High

Amylina analogues
↓ glucagone secretion
Delay of gastric evacuation
↑ satiability

↓ postprandial glycemia excur-
sions  ↓ weight

Modest effect in A1C decrease
Gastrointestinal adverse effects
Injectable, requires training

High

Insulin
↓ glucose liver production
Cetogenesis supression

Almost universal response The-
oretically unlimited efficiency
↓microvascular risk (UKPDS)

Hypoglycemia ↑ in weight In-
jectable, requires training (ex-
cept for inhalatory insulins)
Lung toxicity (insulin inhala-
tory)

Moderate up to
high 

Table 4. Antidiabetic medication, cardiovascular risk, HTN. 



myocardial infarction and stroke. By multiple chronic dis-
eases we refer to at least three associated pathologies, but
most patients have five pathologies of this kind, or even
more.

The presence of a single chronic disease in final stage,
such as stages III–IV congestive heart failure, oxygen-depen-
dent lung conditions, CKD requiring dialysis or methastase
cancer, may cause severe symptoms  or organ function dam-
age, in this way the lifetime expectation significantly de-
creases. 

Type 2 DM management and the cardiovascular risk.
In table 4 there are presented the antidiabetic drugs, also ob-
serving in certain classes, besides the anti hyperglycemia ef-
fect, the effects upon the decrease of blood pressure values,
weight and cardiovascular events [1].

In conclusion, the association between type 2 DM and
HTN is not a reliable one, with serious consequences on the
cardiovascular risk and the ASCVD onset. Choosing the
medication for the two conditions should be individualized,
permanently monitoring the treatment targets. If there are
administered conversion enzyme inhibitors, angiotensin re-
ceptor blockers or diuretics, the seric creatinine/ eGFR and
the potassium level should be monitored [1].

The main objective in treating HTN in DM patients is
to decrease BP < 140/90 (ADA and JNC8), or BP < 140/85
(ESC/EASD) mm Hg [1,2,56]. In order to reach these values,
a combination of several antihypertensive drugs is required
in various patients with HTN and DM. 

A patient centered approach should be used for choos-
ing the DM treatment. There will be taken into considera-
tion the following: efficiency, costs, possible adverse effects,
weight, comorbidities, risk for hypoglycemia and patient’s
preferences. 

Conflict of interests 

There are no potential, relevant conflicts of interest to this
article. 

References

1. American Diabetes Association,Standards of Medical Care in
Diabetes – 2016, Diabetes Care, January 2016 Volume 39, Sup-
plement 1

2. Lars Ryden, Peter J.Grant, Stefan D. Anker, Christian Berne,
Francesco Cosentino et al., ESC Guidelines on diabetes, pre-
diabetes, and cardiovascular diseases developed in collabora-

tion with the EASD. European Heart Journal 2013; 34: 3035–
3087 

3. Giuseppe Mancia, Robert Fagard, Krzysztof Narkiewicz, Josep
Redon, Alverto Zancetti et.al, 2013 ESH/ESC Guidelines for
the management of arterial hypertension European Heart Jour-
nal (2013); 34, 2159–2219 

4. Cleary PA, Orchard TJ, Genuth S,Wong ND, Detrano R,
Backlund JY et al. The effect of intensive glycemic treatment
on coronary artery calcification in type 1 diabetic participants
of the Diabetes Control and Complications Trial/Epidemiol-
ogy of Diabetes Interventions and Complications
(DCCT/EDIC) Study. Diabetes 2006; 55:3556–3565.

5. Soedamah-Muthu SS, Colhoun HM, Abrahamian H, Chan
NN, Mangili R et al. Trends in hypertension management in
Type I diabetes across Europe, 1989/1990–1997/1999. Dia-
betologia 2002; 45:1362–1371.

6. Nilsson PM, Cederholm J, Zethelius BR, Eliasson BR, Eeg-
Olofsson K, Gudbj Rnsdottir S. Trends in blood pressure con-
trol in patients with type 2 diabetes: data from the Swedish
National Diabetes Register (NDR). Blood Press 2011; 20:348–
354. 

7. Redon J, Cifkova R, Laurent S, Nilsson P, Narkiewicz K et al.
Mechanisms of hypertension in the cardiometabolic syndrome.
J Hypertens 2009; 27: 441–451. 

8. Mogensen CE. New treatment guidelines for a patient with di-
abetes and hypertension. J Hypertens Suppl 2003; 21:S25–30. 

9. Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M.
Mortality from coronary heart disease in subjects with type
2 diabetes and in nondiabetic subjects with and without
prior myocardial infarction. N Engl J Med 1998; 339:229–
234. 

10. Ali MK, Bullard KM, Saaddine JB, Cowie CC, Imperatore G,
Gregg EW. Achievement of goals in U.S. diabetes care, 1999-
2010. N Engl J Med 2013; 368:1613–1624

11. Buse JB, Ginsberg HN, Bakris GL, et al.; American Heart As-
sociation; American Diabetes Association. Primary prevention
of cardiovascular diseases in people with diabetes mellitus: a
scientific statement from the American Heart Association and
the American Diabetes Association. Diabetes Care 2007;
30:162–172

12. Gaede P, Lund-Andersen H, Parving H-H, Pedersen O. Effect
of a multifactorial intervention on mortality in type 2 diabetes.
N Engl J Med 2008; 358:580–591

13. Centers for Disease Control and Prevention, National Center
for Health Statistics, Division of Health Care Statistics. Crude
and age-adjusted hospital discharge rates for major cardiovas-
cular disease as first-listed diagnosis per 1,000 diabetic popula-
tion, United States, 1988–2006 [Internet]. Available from
http://www.cdc.gov/diabetes/statistics/cvdhosp/cvd/fig3.htm
Accessed 7 February 2016

14. Conroy RM, Pyorala K, Fitzgerald AP, Sans S, Menotti A, et
al. Estimation of ten-year risk of fatal cardiovascular disease in
Europe: the SCORE project. Eur Heart J 2003; 24:987–1003.

Mota M. et al. Type 2 diabetes mellitus and hypertension 

12 ©The Author(s) 2016



15. Hossain P, Kawar B, El Nahas M. Obesity and diabetes in the
developing world: a growing challenge. N Engl J Med 2007;
356:213–215.

16. Saltiel AR, Kahn CR. Insulin signalling and the regulation of
glucose and lipid metabolism. Nature 2001; 414(6865):799–
806.

17. Kim JA, Montagnani M, Koh KK, Quon MJ. Reciprocal rela-
tionships between insulin resistance and endothelial dysfunc-
tion: molecular and pathophysiological mechanisms.
Circulation 2006; 113:1888–1904. 

18. Zeng G,QuonMJ. Insulin-stimulated production of nitric oxide
is inhibited by wortmannin. Direct measurement in vascular
endothelial cells. J Clin Invest 1996; 98: 894–898.

19. Flammer AJ, Anderson T, Celermajer DS, Creager MA, Dean-
field J et al. The assessment of endothelial function: from re-
search into clinical practice. Circulation 2012; 126:753–767.

20. Vlachopoulos C, Aznaouridis K, Stefanadis C. Prediction of
cardiovascular events and all-cause mortality with arterial stiff-
ness: a systematic reviewand meta-analysis. J Am Coll Cardiol
2010; 55:1318–1327.

21. Kim JA, Montagnani M, Koh KK, Quon MJ. Reciprocal rela-
tionships between insulin resistance and endothelial dysfunc-
tion: molecular and pathophysiological mechanisms.
Circulation 2006; 113:1888–1904.

22. Saltiel AR, Kahn CR. Insulin signalling and the regulation of
glucose and lipid metabolism. Nature 2001; 414(6865):799–
806.

23. Cosentino F, Hishikawa K, Katusic ZS, Luscher TF. High glu-
cose increases nitric oxide synthase expression and superoxide
anion generation in human aortic endothelial cells. Circula-
tion 1997; 96:25–28.

24. Paneni F, Mocharla P, Akhmedov A, Costantino S, Osto E, et
al. Gene silencing of the mitochondrial adaptor p66(Shc) sup-
presses vascular hyperglycemic memory in diabetes. Circulation
Research 2012; 111:278–289.

25. Ceriello A, Ihnat MA, Thorpe JE. Clinical review 2: The "meta-
bolic memory": is more than just tight glucose control neces-
sary to prevent diabetic complications? J Clin Endocrinol
Metab 2009; 94:410–415.

26. Romeo GR, Lee J, Shoelson SE. Metabolic syndrome, insulin
resistance and roles of inflammation: mechanisms and thera-
peutic targets. Arterioscler Thromb Vasc Biol 2012; 32:1771–
1776.

27. Cannon CP. Mixed dyslipidemia, metabolic syndrome, dia-
betes mellitus and cardiovascular disease: clinical implications.
Am J Cardiol 2008; 102:5L–9L.

28. Sorrentino SA, Besler C, Rohrer L, Meyer M, Heinrich K, et
al. Endothelial-vasoprotective effects of high-density lipopro-
tein are impaired in patients with type 2 diabetes mellitus but
are improved after extended-release niacin therapy. Circulation
2010; 121: 110–122.

29. Grant PJ. Diabetes mellitus as a prothrombotic condition. J In-
tern Med 2007; 262: 157–172.

30. Ferreiro JL, Angiolillo DJ. Diabetes and antiplatelet therapy in
acute coronary syndrome. Circulation 2011; 123:798–813.

31. Bertoni AG, Tsai A, Kasper EK, Brancati FL. Diabetes and id-
iopathic cardiomyopathy: a nationwide case-control study. Di-
abetes Care 2003; 26:2791–2795.

32. Poornima IG, Parikh P, Shannon RP. Diabetic cardiomyopa-
thy: the search for a unifying hypothesis. Circ Res 2006;
98:596–605.

33. Clark RJ, McDonough PM, Swanson E, Trost SU, Suzuki M,
et al. Diabetes and the accompanying hyperglycemia impairs
cardiomyocyte calcium cycling through increased nuclear O-
GlcNAcylation. J Biol Chem 2003; 278:44230–44237.

34. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI,
et al. Harmonizing the metabolic syndrome: a joint interim
statement of the International Diabetes Federation Task Force
on Epidemiology and Prevention; National Heart, Lung and
Blood Institute; American Heart Association; World Heart
Federation; International Atherosclerosis Society; and Inter-
national Association for the Study of Obesity. Circulation
2009; 120: 1640–1645.

35. Jarajapu YP, Grant MB. The promise of cell-based therapies
for diabetic complications: challenges and solutions. Circ Res
2010; 106:854–869.

36. Sacks FM, Svetkey LP, Vollmer WM, Appel LJ, Bray GA, et al.;
DASH-Sodium Collaborative Research Group. Effects on
blood pressure of reduced dietary sodium and the Dietary Ap-
proaches to Stop Hypertension (DASH) diet. N Engl J Med
2001; 344:3–10

37. Tatti P, Pahor M, Byington RP. Outcome results of the Fosino-
pril Versus Amlodipine Cardiovascular Events Randomized
Trial (FACET) in patients with hypertension and NIDDM. Di-
abetes Care 1998; 21:597–603

38. Estacio RO, Jeffers BW, Hiatt WR, Biggerstaff SL, Gifford N,
Schrier RW. The effect of nisoldipine as compared with
enalapril on cardiovascular outcomes in patients with non-in-
sulindependent diabetes and hypertension. N Engl J Med
1998; 338:645–652

39. Schrier RW, Estacio RO, Mehler PS, Hiatt WR. Appropriate
blood pressure control in hypertensive and normotensive type
2 diabetes mellitus: a summary of the ABCD trial. Nat Clin
Pract Nephrol 2007; 3:428–438

40. ALLHAT Officers and Coordinators for the ALLHAT Collab-
orative Research Group. Major outcomes in high-risk hyper-
tensive patients randomized to angiotensin-converting enzyme
inhibitor or calcium channel blocker vs diuretic: the Antihy-
pertensive and Lipid-Lowering Treatment to Prevent Heart At-
tack Trial (ALLHAT). JAMA 2002; 288:2981–2997

41. Bruce M. Psaty, Nicholas L. Smith, David S. Siscovick, Thomas
D. Koepsell, Noel S. Weiss, et al. Health outcomes associated
with antihypertensive therapies used as first-line agents. A sys-
tematic review and meta-analysis. JAMA 1997; 277:739–745

42. Heart Outcomes Prevention Evaluation Study Investigators. Ef-
fects of ramipril on cardiovascular and microvascular outcomes

J Hypertens Res (2016) 2(1):4–14

©The Author(s) 2016 13



in people with diabetes mellitus: results of the HOPE study and
MICRO-HOPE substudy. Lancet 2000; 355:253–259

43. Tomas Berl, Lawrence G. Hunsicker, Julia B. Lewis, Marc A.
Pfeffer,  Jerome G. Porush, et al.; Irbesartan Diabetic
Nephropathy Trial. Collaborative Study Group. Cardiovascular
outcomes in the Irbesartan Diabetic Nephropathy Trial of pa-
tients with type 2 diabetes and overt nephropathy. Ann Intern
Med 2003; 138:542–549

44. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green
LA, et al.; National Heart, Lung, and Blood Institute Joint Na-
tional Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure; National High Blood Pres-
sure Education Program Coordinating Committee. The Sev-
enth Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure:
the JNC 7 report. JAMA 2003; 289:2560–2572

45. Yusuf S, Teo KK, Pogue J, Dyal L, Copland I,et al.; ONTAR-
GET Investigators. Telmisartan, ramipril, or both in patients
at high risk for vascular events. N Engl J Med 2008; 358:1547–
1559

46. Kenneth Jamerson, Michael A. Weber, George L. Bakris, Björn
Dahlöf, Bertram Pitt, et al.; ACCOMPLISH Trial Investigators.
Benazepril plus amlodipine or hydrochlorothiazide for hyper-
tension in high-risk patients. N Engl J Med 2008; 359:2417–
2428 

47. Hermida RC, Ayala DE, Moj ´on A, Fern´andez JR. Influence
of time of day of blood pressurelowering treatment on cardio-
vascular risk in hypertensive patients with type 2 diabetes. Di-
abetes Care 2011; 34:1270–1276

48. Zhao P, Xu P, Wan C, Wang Z. Evening versus morning dosing
regimen drug therapy for hypertension. Cochrane Database
Syst Rev 2011;10:CD004184

49. Sibai BM. Treatment of hypertension in pregnant women. N
Engl J Med 1996; 335:257– 265

50. M. Sue Kirkman, Vanessa Jones Briscoe, Nathaniel Clark, Her-
mes Florez , Linda B. Haas et al. Diabetes in Older Adults: A
Consensus Report, Journal of the American Geriatrics Society,
2012 by the American Diabetes Association and the American
Geriatrics Society. DOI: 10.1111/jgs.12035

51. Wilbert S. Aronow, Jerome L. Fleg, Carl J. Pepine,  Nancy T.
Artinian, George Bakris, et al. ACCF/AHA 2011 Expert Con-
sensus Document on Hypertension in the Elderly: A Report
of the American College of Cardiology Foundation Task Force
on Clinical Expert Consensus Documents. Circulation. 2011;
123:2434-2506

52. Arguedas JA, Leiva V, Wright JM. Blood pressure targets for
hypertension in people with diabetes mellitus. Cochrane Data-
base Syst Rev 2013; 10:CD008277

53. Kerry McBrien, Doreen M. Rabi,Norm Campbell, Lianne
Barnieh, Fiona Clement et al. Intensive and standard blood
pressure targets in patients with type 2 diabetes mellitus: sys-
tematic review and meta-analysis. Arch Intern Med 2012;
172:1296–1303

54. Emdin CA, Rahimi K, Neal B, Callender T, Perkovic V, Patel
A. Blood pressure lowering in type 2 diabetes: a systematic re-
view and metaanalysis.JAMA 2015; 313:603–615

55. Cruickshank JM. Hypertension Optimal Treatment (HOT)
trial. Lancet 1998; 352:573–574

56. Paul A. James, Suzanne Oparil, Barry L. Carter, William C.
Cushman, Cheryl Dennison-Himmelfarb, et al. 2014 evidence-
based guideline for the management of high blood pressure in
adults: report from the panel members appointed to the
Eighth Joint National Committee (JNC 8). JAMA 2014; 311:
507–520

Mota M. et al. Type 2 diabetes mellitus and hypertension 

14 ©The Author(s) 2016


