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Management of hypertension in patients with diabetes: the
place of angiotensin-ll receptor blockers
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Hypertension is an important cardiovascular (CV) risk factor in patients with diabetes mellitus. In this setting, tight

control of blood pressure (BP) significantly reduces CV morbidity and mortality. In the UK Prospective Diabetes Study,

a 10 mmHg reduction in systolic blood pressure (SBP) was superior to a 0.7% decrease in glycosylated haemoglobin
Alc (HbA1c) as far as reducing morbidity and mortality was concerned. In the Hypertension Optimal Treatment study,

the risk of CV events decreased by 51% among patients with type 2 diabetes randomized to the lower BP level. Based

on these findings, contemporary treatment guidelines recommend a target SBP/diastolic blood pressure of <130/

80 mmHg for patients with diabetes.
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Patients with diabetes and hypertension should be aggres-
sively treated to achieve target blood pressure (BP). Anti-
hypertensive agents suitable for patients with diabetes
should delay the onset and slow the progression of diabetic
nephropathy. Angiotensin receptor blockers (ARBs) pro-
ducereductions in BP comparable to angiotensin-converting
enzyme inhibitors (ACEIs), do not interfere with glycaemic
control and are well tolerated. Like ACEIs, ARBs have reno-
protective effects in patients with diabetes. Agents in this
class improve the glomerular filtration rate and urinary albu-
min : creatinine ratio (ACR) and retard progression from
‘microalbuminuria’ to nephropathy. Moreover, treatment
with an ARB significantly reduces the incidence of doubling
of serum creatinine, onset of end-stage renal disease (ESRD)
and death in patients with type 2 diabetes and hypertension
and overt nephropathy. The antihypertensive effects of
ARBs, combined with their nephroprotective effects and
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better tolerability compared with other antihypertensive
agents, support recommendations for their use in patients
with type 2 diabetes and hypertension.

Overview of the Epidemiology of Hypertension
in Patients with Diabetes

There has been a general trend towards a reduction in
cardiovascular (CV) morbidity and mortality in the USA
since 1980 in large part because of changes in risk factors
[1]. Diabetes mellitus is an exception to this trend. An
analysis of data from the Framingham study has shown
that the proportion of CV risk attributable to diabetes
has increased significantly over the past five decades
[2]. These data suggest that further reductions in CV-
related morbidity and mortality must involve aggressive
treatment of risk factors in patients with diabetes [2].
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Management of hypertension in patients with diabetes

Hypertension is acommon and important CV risk factor
in patients with diabetes. Patients with type 2 diabetes are
at particular risk for CV events because of the presence of
multiple risk factors in addition to systolic hypertension,
which typically include smoking, obesity, hyperglycae-
mia, hyperlipidaemia and microalbuminuria [3].

Numerous large epidemiological studies have demon-
strated the high prevalence of hypertension in patients
with type 2 diabetes. After adjusting for the influence of
age and obesity, BP tended to be higher in patients with
type 2 diabetes than in those with type 1 diabetes in
a cohort of 5842 patients with diabetes. The highest inci-
dence of systolic blood pressure (SBP)/diastolic blood
pressure (DBP) >160/90 mmHg was in patients with type
2 diabetes who were older than 55 years of age (43% in
men and 52% in women) [3].

Among 3648 newly diagnosed patients with type 2
diabetes (mean age 52 years, 59% male) recruited for the
UK Prospective Diabetes Study (UKPDS), the prevalence
of hypertension, defined as an SBP/DBP of >160/
90 mmHg, was 39% [4]. In addition to establishing the
high prevalence of hypertension in this population,
the Hypertension in Diabetes Study, as this phase of
the UKPDS is known, reported that patients with hyper-
tension had a significantly higher mean body mass
index (BMI) and significantly higher mean fasting
plasma triglyceride and insulin levels than those with-
out hypertension. Moreover, patients with hypertension
and newly diagnosed diabetes were significantly more
likely to have experienced a previous CV event or to
have microalbuminuria, evidence of ischaemia on ECG
or left ventricular hypertrophy than those without
hypertension.

On the basis of a more conservative definition of hyper-
tension (SBP/DBP >130/85 mmHg) recommended in the
previous Joint National Committee on Prevention, Detec-
tion, Evaluation, and Treatment of High Blood Pressure
(JNC-7) [5], the prevalence of hypertension was deter-
mined to be 86.6% in a retrospective cohort study of
371 221 US veterans, of whom 59 900 had diabetes.
Among patients with diabetes, 20.3% had hypertension
[6]. The majority of patients with diabetes and hyperten-
sion in this analysis also had dyslipidaemia as defined
by the National Cholesterol Education Program.

Hypertension substantially increases the risk of micro-
vascular and macrovascular complications in patients
with diabetes, and it is recommended that all patients
with hypertension be screened for diabetes [7]. Hyper-
tension causes structural abnormalities of the micro-
vessels [8], thus compounding the detrimental effects of
hyperglycaemia on the microvasculature (particularly
hypertrophic remodelling), which leads to the well-
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known microvascular complications of diabetes: reti-
nopathy, nephropathy and questionably neuropathy [8].

Atherosclerosis is accelerated in patients with diabetes.
The combination of diabetes and hypertension increases
arterial stiffness, which often precedes the occurrence of
macrovascular events such as myocardial infarction or
stroke [9]. Obesity and hyperlipidaemia also contribute
to elevate the rate of macrovascular complications in
patients with type 2 diabetes [10].

The presence of nephropathy is important in patients
with diabetes [11]. The terms
‘microalbuminuria’ and ‘macroalbuminuria’ are arbi-

‘normoalbuminuria’,

trary points on a continuum of albumin excretion that
correlate with increasing CV risk. Microalbuminuria,
defined as an albumin excretion rate of 30-300 mg/24 h,
is a particularly important CV risk factor in patients with
diabetes. It is increasingly recognized that lower levels
of albuminuria than are currently used should be con-
sidered as an indicator of vascular inflammation [12].
The incidence of microalbuminuria is more common in
patients with diabetes, suboptimal glycaemic control
and hypertension [13]. Moreover, microalbuminuria is
a significant and independent predictor of all-cause
mortality, CV mortality and morbidity (including stroke,
MI and congestive cardiac failure). Note that if the ACR
method is used to detect microalbuminuria, then gender
differences should be taken into account. For example,
European Society of Cardiology/European Society of
(ESC/ESH) guidelines
albuminuria as an ACR of >22 mg/g for men and an
ACR of >31 mg/g for women [14].

The prevalence of type 2 diabetes, which makesup 97%

Hypertension define micro-

ofthe population with diabetes, is increasing. In the USA,
the prevalence increased from 5 to 6.5% over the period
1988-2002 according to data from the National Health
and Nutrition Examination Survey (NHANES) [15]. This
estimate is in close agreement with the estimated global
prevalence of 6% [16]. The increasing prevalence of dia-
betes and hypertension in the USA is linked to an
increasing prevalence of chronic kidney disease [17].
The ageing population and the general increase in afflu-
ence and obesity will likely conspire to further increase
the global prevalence of diabetes and the health burden
associated with complications of the disease.

Challenges in Treating Hypertension in
Diabetes

Management of hypertension in patients with diabetes is
complex. Extensive vascular remodelling in patients with
diabetes, as reflected by increases in the media : lumen
ratio, may interfere with the efficacy of antihypertensive
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drugs that increase vascular compliance through vasore-
laxation. Diabetic nephropathy alters the pharmacokinet-
ics of many drugs, and great care must be taken not only in
adjusting the dose of medications prescribed for patients
with renal dysfunction but also in considering their
potential to ameliorate or exacerbate the progression of
nephropathy. A large number of medications are pre-
scribed for patients with diabetes; thus, it is important
to consider potential drug—drug interactions and the
potential for interference with control of glucose and
lipid levels. Perhaps, the greatest challenge in managing
hypertension in patients with diabetes is achieving the
more stringent BP targets that are recommended for
patients with diabetes. It is essential that clinicians
involved in the care of patients with diabetes appreciate
the importance of achieving tight control of BP in these
individuals.

Tight BP Control in Patients with Diabetes and
Hypertension

Tight control of BP in patients with diabetes and hyper-
tension significantly reduces morbidity and mortality
rates [18,19]. In the UKPDS, tight BP control, defined as
an SBP/DBP of <150/85 mmHg, significantly reduced
the risk of diabetes-related end-points by 24%, deaths
from diabetes by 32% and microvascular complications
by 37%. After 9 years of follow-up, the group assigned
to tight BP control had a 47% reduction in risk of
a decrease in vision by three or more lines in both eyes
of the Early Treatment of Diabetic Retinopathy Study
[19]. A total of 758 patients enrolled in the UKPDS were
assigned to tight BP control and 390 patients to less
tight control (<180/105 mmHg) and were treated for
a median duration of 8.4 years. The mean SBP/DBP
maintained during the trial was 144/82 mmHg in those
on tight control and 154/87 mmHg in those on less tight
control. Importantly, there was no difference in the
degree of glycaemic control between patients receiving
tight and less tight BP control in the study. Compared
with the conventional group, the risk in the intensive
group was 12% lower [95% confidence interval (95%
CI) 1-21, p = 0.029] for any diabetes-related end-point.
Most of the risk reduction in the any diabetes-related
aggregate end-point was because of a 25% risk re-
duction (95% CI 7-40, p = 0.0099) in microvascular
complications [20].

The UKPDS established the importance of tight BP con-
trol and provided the impetus for clinicians to focus more
attention on control of this risk factor in patients with
diabetes, although it must be noted that the definition of
tight control in the trial was much less stringent than that
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recommended in contemporary guidelines. Moreover,
the recent 10-year follow-up data from this study further
support the notion that the protection seen from tight BP
control was lost when the lower pressure was not main-
tained over time, while unlike BP control, benefits of
intensive glycaemic control did not lose their effect when
not maintained [21]. It is noteworthy that glycaemic
control can lower BP, and for every molecule of glucose
that is filtered and reabsorbed, one molecule of sodium
is also absorbed [22]. The current definition of tight con-
trol more closely reflects that used in the Hypertension
Optimal Treatment (HOT) study, the results of which
have had a lasting influence on the management of
hypertension [18].

The HOT study confirmed that the risk of CV events
decreases in proportion to reductions in BP. A total of
18 790 patients with hypertension were randomized to
a target DBP of <90, <85 or <80 mmHg in the trial. The
lowest incidence of major CV events occurred in patients
assigned to the lowest BP stratum. Among patients with
diabetes, who comprised 8% of the overall study popula-
tion, there was a highly significant 51% reduction in the
incidence of major CV events in patients randomized to
the lowest stratum (<80 mmHg) compared with the least
stringent stratum (<90 mmHg) [18]. Major adverse CV
events included in the composite end-point included
fatal and non-fatal MI, fatal and non-fatal stroke and all
other CV deaths. Antihypertensive treatment was gener-
ally well tolerated in the trial and was associated with
improvements in patients’ sense of well being [23].

The collective results of UKPDS and HOT provide
convincing evidence that tight BP control significantly
reduces the risk of microvascular and macrovascular
end-points in patients with type 2 diabetes and hyper-
tension [18,19]. For this reason, tight BP control has
become a prominent message in contemporary treat-
ment guidelines.

Treatment Guidelines for Patients with
Diabetes and Hypertension

There are several major treatment guidelines that provide
recommendations for the management of hypertension in
patients with diabetes (table 1) [24]. Each of these
guidelines provides treatment goals and drug therapy
recommendations that are based on clinical trial data,
including those from the landmark UKPDS and HOT
studies [19]. Guidelines differ as to whether their rec-
ommendations are based on categorical treatment thres-
holds, as, for example, in JNC 7 [24] and the American
Diabetes Association (ADA) treatment guidelines that
also define a specified BP threshold [25,26], or on an
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estimation of the risk of CV events, as, for example, in
the recently updated ESH/ESC guidelines [14]. Tight
control of BP is a consistent theme across the various
guidelines in order to reduce diabetes-related mortality,
progression of diabetic nephropathy, microvascular and
macrovascular complications and CV disease. Thus,
a target BP threshold of <130/80 mmHg is recom-
mended for patients with diabetes and hypertension,
and the higher targets recommended in earlier guide-
lines are no longer considered acceptable. ACEIs,
B-blockers, calcium channel blockers (CCBs), ARBs and
diuretics have all shown benefit in treating hyperten-
sion in patients with diabetes. Traditional or vasocon-
strictor B-blockers such as atenolol or metoprolol as well
as diuretics are not the preferred first-line choice
because they result in an increase in insulin resistance
and may show most benefit when used in combination
with other antihypertensive agents [14]. However,
B-blockers do have particular benefit in patients with
a recent MI as well as ischaemic heart disease. Because
we assume that the majority of patients with hyperten-
sion and type 2 diabetes have significant coronary artery
disease, B-blockers with peripheral vasodilatory capa-
bilities that decrease insulin resistance should be used
more frequently in such patients. The preferred initial
treatment varies, although more recent guidelines and
those that focus specifically on patients with diabetes
make strong and specific recommendations regarding
the use of ACEIs or ARBs as initial monotherapy and as
part of combination therapy. This recommendation is
based on the beneficial effects of these agents in patients
with diabetic nephropathy [4,11,14,26,27], and they
have been shown to prevent the appearance of micro-
albuminuria and reduce CV risk [28,29]. In patients
with type 2 diabetes and chronic kidney disease, ACEIs
and ARBs can delay deterioration in glomerular filtra-
tion rate and increases in albuminuria.

Aliskiren is the first of a new class of oral direct renin
inhibitors effective in lowering BP and reducing albumin-
uria. Dual blockage of the renin—angiotensin—aldosterone
system (RAAS) was studied in the ‘Aliskiren in the
Evaluation of proteinuria in Diabetes’ trial [30]. A 20%
reduction of urinary ACR was noted in the aliskiren
group when compared with placebo, with a reduction
of 50% or more in 24.7% of patients who received alis-
kiren compared with 12.5% of those receiving placebo.
A smaller study of 15 patients with type 2 diabetes initi-
ated on 300 mg of aliskiren [31] demonstrated a 17%
reduction in the urinary ACR in 2—4 days and 44% at
28 days [31].

In clinical practice, it is generally assumed that RAAS
blockade is less effective in lowering BP in African
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Americans compared with Caucasians; however, an anti-
hypertensive treatment effect is noted in African Ameri-
cans as well as Caucasians using an ARB alone or in
combination with the use of a thiazide diuretic [32].

Most patients with diabetes and hypertension require
more than one antihypertensive agent — some patients
may require three or more — to achieve recommended
SBP/DBP targets recommended in contemporary hyper-
tension treatment guidelines. Thus, it is necessary to
choose agents from different classes with complementary
modes of action. If combination therapy is required to
lower BP to <130/80 mmHg, then the ADA recommends
that a diuretic, CCB or B-blocker should be added to exist-
ing ACEI or ARB therapy [27]. Guidelines clearly stated
that combination of two or more antihypertensive
agents should be used initially to achieve BP goals if BP
is >20/10 mmHg above the goal of <130/80 mmHg.

Control of BP in Patients with Diabetes

The proportion of patients achieving target BP is gener-
ally low and, given the serious risks associated with
hypertension, a cause for concern. Many factors contri-
bute to low rates of BP control in the general population,
including the lack of symptoms and the need for lifestyle
changes and a high degree of adherence with drug therapy
on the part of the patient, clinical inertia on the part of
physicians [33] and inadequate access to care on the
part of the health-care system. The connection between
insulin resistance and compensatory hyperinsulinaemia
seen with hypertension may be explained by a number
of mechanisms linking these disturbances, such as acti-
vation of the sympathetic nervous system [34] or
enhancement of renal sodium reabsorption [35], and
contribute to even lower success rates. The high preva-
lence of hypertension in patients with diabetes, the
presence of other CV risk factors, for example obesity,
and the need for multiple medications, for example
antihyperglycaemic agents, make compliance with man-
agement of hypertension and achievement of the low BP
targets a particular challenge. Interestingly, during
recent years, a considerable number of animal and
human studies have shown that the use of specific anti-
diabetic agents such as thiazolidinediones was associ-
ated with usually small but significant reductions of BP
levels [36]. In the contrary, the particular antihyperten-
sive agent chosen to treat hypertension in patients with
diabetes may itself have implications regarding the
issue of lower success rates in the past. More specifi-
cally, conventional, non-vasodilating B-blockers and
diuretics are associated with detrimental effects on
insulin sensitivity and glycaemic control [37] and,
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consequently, could result in a worsening of the
patient’s diabetic condition, resulting in discontinua-
tion of antihypertensive therapy. Exceptions to this
observation with B-blockers are those with vasodilating
properties, that is carvedilol and nebivolol. In a large,
multicentre trial, carvedilol was compared with meto-
prolol and shown not to worsen glycaemic control or
insulin resistance [38]. This has also been observed with
nebivolol in a smaller study [39].

Epidemiological studies provide evidence of low rates
of BP control in patients with diabetes and the need for
more aggressive therapy [40]. Recent data from the
NHANES survey show that the prevalence of hyperten-
sion increased significantly between 1988 and 2002, as
has the prevalence of diabetes. Although significantly

SBP
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more treated patients with diabetes and hypertension
achieved a BP of <130/85 mmHg in the most recent sur-
vey (36% in 2001-2002 vs. 29% in 1988-1991), the
overall control rates continue to be low and are particu-
larly dismal in certain important subgroups with a high
prevalence of diabetes (e.g. 8% in middle-aged Mexican-
American men) [15].

Publication of evidence-based treatment guidelines
does not necessarily increase BP control rates. For exam-
ple, publication of updated JNC treatment guidelines in
1997 and 2003 did not lead to substantial increases in the
number of patients, including patients with diabetes,
with well-controlled BP during the period 1995-2005
according to a recent analysis of the US National Disease
and Therapeutics Index (IMS HEALTH) data [41].
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Fig. 1 Effects of antihypertensive drug treatment on systolic blood pressure (SBP) and diastolic blood pressure (DBP) in
patients with diabetes and hypertension in several trials. Reproduced with permission from Mancia and Grassi [42]. Note:
values at trial entry and during treatment are shown for each trial. Dashed horizontal lines refer to goal blood pressure
values indicated by international guidelines to be achieved during treatment. ABCD, Appropriate Blood pressure Control in
hypertensive and normotensive type 2 Diabetes mellitus; CAPPP, The Captopril Prevention Project; FACET, Fosinopril ver-
sus Amlodipine Cardiovascular Events Trial; HOT, Hypertension Optimal Treatment; IDNT, Irbesartan Diabetic Nephropa-
thy Trial; INSIGHT, Intervention as a Goal in Hypertension Treatment; IRMA, Irbesartan in Type 2 Diabetes with
Microalbuminuria; LIFE, Losartan Intervention For Endpoint; MicroHOPE, substudy of the HOPE (Heart Outcomes Pre-
vention, Evaluation); RENAAL, Reduction in End points in NIDDM (non-insulin-dependent diabetes mellitus) with the
Angiotensin II Antagonist Losartan; STOP-2, Swedish Trial in Old Patients -2; VALUE, Valsartan Anti-hypertensive long
term Use Evaluation; UKPDS, UK Prospective Diabetes Study.

Diabetes, Obesity and Metabolism, 11, 2009, 757-769 © 2009 Blackwell Publishing Ltd



R. Kalaitzidis and G. Bakris

Importantly, BP control rates in patients with diabetes
lagged behind those in patients without diabetes, and
the gap widened over time [41].

The findings of large-scale epidemiological studies
of BP control rates in the community mirror the results
of well-controlled clinical trials in which the majority of
patients with diabetes and hypertension do not achieve
BP targets (figure 1) [42]. Thus, there is a substantial gap
between the recommendations in evidenced-based treat-
ment guidelines for hypertension and the rate of BP
control achieved in the community. This is because of
a relative lack of evidence from clinical trials in people
over the age of 70 years. Only three trials have a mean
age over 70 years that deal with outcomes in patients
with hypertension, but all suggest obtaining a SBP
below 140 mmHg if possible.

RAAS Inhibition in Patients with Diabetes and
Hypertension

Since the inception of ACEIs, no outcomes studies have
been performed to assess kidney disease progression in
patients with type 2 diabetes. All studies thus far have
analysed markers of disease progression, that is change
in proteinuria and glomerular filtration rate [43]. With
the introduction of ARBs, clinical outcome trials on
nephropathy progression end-points were performed.
These led to indications for slowing of nephropathy
progression for two different ARBs, losartan and irbe-
sartan [44,45].

Suitable antihypertensive agents for patients with type
2 diabetes must provide marked and sustained reduc-
tions in BP so that patients can attain the recommended
target SBP/DBP (<130/80 mmHg). Ideally, any antihyper-
tensive agent used in patients with diabetes should not
interfere with glycaemic control or worsen serum lipid
levels but should delay the onset and slow the progres-
sion of diabetic nephropathy.

Prior to the introduction of ARBs, there was a general
lack of consensus regarding the optimal class of antihy-
pertensive agent for patients with diabetes. Several clas-
ses of agents compared well with ACEIs, particularly in
their BP-lowering efficacy [10]. ARBs produce reduc-
tions in BP that are significantly greater than placebo
and comparable to ACEIs, and importantly, patients are
more likely to persist with ARB therapy than with ACEI
therapy because of better tolerability [46]. Moreover,
ACEIs and ARBs produce similar BP-dependent reduc-
tions in the incidence of stroke, coronary heart disease
and heart failure [47]. ARBs improve markers of renal
function, including glomerular filtration rate and
urinary ACR, and in head-to-head comparisons with
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ACEIs, ARBs demonstrate a similar effectiveness in
reducing proteinuria [48]. These findings suggest that
ARBs can prevent or retard the progression of diabetic
nephropathy.

In the Diabetics Exposed to Telmisartan and Enalapril
study, which included 250 patients with normal kidney
function, type 2 diabetes, hypertension, BMI >25 kg/m?*
and normoalbuminuria to microalbuminuria, telmi-
sartan 80 mg/day produced similar reductions in SBP
and DBP over 5 years compared with enalapril 20 mg/
day [49]. Similarly, there was no difference between tel-
misartan and enalapril in the change in glomerular fil-
tration rate, serum creatinine concentration or urinary
albumin excretion at the end of treatment [49,50].

ARBs have renoprotective effects in patients with type
2 diabetes, hypertension and overt nephropathy, defined
as an elevated urinary ACR and an elevated serum creat-
inine level [44,45]. In the Reduction in End points in
NIDDM (non-insulin-dependent diabetes mellitus) with
the Angiotensin II Antagonist Losartan (RENAAL) trial,
the incidence of the composite end-point of a doubling
in serum creatinine, onset of ESRD or death was lower
after 4 years of treatment with losartan than placebo.
This randomized, double-blind trial enrolled 1513
patients with type 2 diabetes, hypertension and
nephropathy [51]. The incidence of a doubling in serum
creatinine and ESRD, but not mortality, was signifi-
cantly lower in patients randomized to losartan than to
placebo, as was the urinary albumin : creatinine excre-
tion ratio at the end of treatment. Importantly, there was
no difference in BP between the two study groups dur-
ing treatment because use of antihypertensive agents
other than ACEIs and ARBs was allowed in patients ran-
domized to placebo. Nephropathy was defined as a base-
line urinary ACR >300 (or urinary protein excretion
>0.5 g/day) and serum creatinine level of 1.3-3.0 g/dl.
The results of the study suggest that the neph-
roprotective effect of losartan is attributable to factors
other than the BP-lowering effects of the drug [44].

Consistent with the findings of RENAAL, irbesartan
was significantly more effective than amlodipine or pla-
cebo in preventing the same composite end-point (dou-
bling in serum creatinine, onset of ESRD or death) in 1715
patients with type 2 diabetes, hypertension and nephro-
pathy in the randomized, double-blind Irbesartan
Diabetic Nephropathy Trial (IDNT). During a mean fol-
low-up of 2.6 years, the relative risk of reaching the pri-
mary end-point among recipients of irbesartan was 20%
lower than in patients randomized to placebo (p = 0.02)
and 23% lower than in those randomized to amlodipine
(p = 0.006). The mean SBP/DBP was similar in patients
randomized to irbesartan (140/77 mmHg) and amlodipine
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(141/77 mmHg), both of which were significantly (p
= 0.001) lower than in those randomized to placebo
(144/80 mmHg) [45].

ARBs also retard progression of renal disease in
patients with diabetes and microalbuminuria but not
with overt nephropathy [52]. In the Irbesartan in Type 2
Diabetes with Microalbuminuria (IRMA II) trial, the
proportion of patients who progressed from micro-
albuminuria to macroalbuminuria was lower following
2 years of treatment with irbesartan 150 mg/day (9.7%)
or 300 mg/day (5.2%) than placebo [53]. The trial stud-
ied 590 patients with type 2 diabetes and hypertension
and with a baseline urinary albumin excretion rate of
20-200 pg/min and nephropathy defined as an increase
in urinary albumin excretion rate to >200 pg/min and
an increase of >30% over baseline. Indeed, urinary
albumin excretion decreased by 24 and 38%, respec-
tively, in patients treated with irbesartan 150 and
300 mg/day but by just 2% in those treated with placebo
(p < 0.001 for both irbesartan groups combined vs. pla-
cebo). The mean trough SBP/DBP throughout the trial
was 143/83, 141/83 and 144/83 mmHg, respectively, in
patients treated with irbesartan 150 and 300 mg/day
and placebo [53].

Theresults of RENAAL, IDNT and IRMA Il demonstrate
collectively that ARBs retard the progression of diabetic
nephropathy across a wide spectrum of disease (i.e. from
microalbuminuria to overt nephropathy). In addition,
data from these studies provide insight into optimal BP
levels in patients with type 2 diabetes and the efficacy of
ARBs reducing the risk of important clinical end-points.

In the IDNT trial, the SBP during treatment predicted
outcomes. SBP >149 mmHg was associated with a 2.2-fold
increase in the risk of doubling serum creatinine or pro-
gression to ESRD when compared with SBP <134 mmHg.
Therelative risk of reaching a renal end-point was lower in
patients treated with irbesartan than with amlodipine atall
SBP levels (figure 2) [54]. Improvement in renal outcomes
and survival were obtained with progressive reductions
in SBP to a threshold of 120 mmHg, below which all-
cause mortality increased. Importantly, the observed
improvements were independent of baseline renal func-
tion. Although the finding of increased mortality in
patients with SBP of <120 mmHg is likely attributable to
co-morbid conditions (e.g. hypovolaemia associated with
nephrotic syndrome) rather than to BP [55], these data
suggest that the optimal SBP in patients with type 2 dia-
betes and nephropathy is in the range of 120-130 mmHg.

There have been few direct comparisons of the antihy-
pertensive efficacy of different ARBs [56], although the
most recently approved agent in this class, olmesartan
medoxomil, has been compared with several other
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Fig. 2 Simultaneous impact of quartile of achieved systolic
blood pressure (BP) and treatment modality on the relative
risk for reaching a renal end-point (doubling of baseline
serum creatinine level or end-stage renal disease, defined
as a serum creatinine level of 6.0 mg/dl or renal replace-
ment therapy) Reproduced with permission from: Pohl

et al. [54].

ARBs. In a randomized, double-blind multicentre study
in 696 patients with hypertension, a higher percentage
of those treated for 12 weeks with olmesartan medox-
omil 20-40 mg/day (18.2%) than with losartan 50-100
mg/day (11.3%) or valsartan 80-320 mg/day (11.1%)
achieved the target SBP/DBP of <130/85 mmHg [57].
Among the subgroup of 53 patients with diabetes in the
study by Giles et al. [57], olmesartan medoxomil pro-
duced the greatest reductions in BP at week 8 (figure 3),
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Fig. 3 Mean reduction from baseline to week 8 in seated
cuff diastolic BP with olmesartan medoxomil (n = 18),
losartan (n = 11) and valsartan (n = 13) in patients

with diabetes, glucose intolerance or hyperglycaemia [58].
BP, blood pressure; DBP, diastolic blood pressure; LOS,
losartan; OM, olmesartan medoxomil; SBP, systolic

blood pressure; VAL, valsartan.
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with more recipients in the olmesartan medoxomil
40 mg/day group achieving SBP/DBP goal of <130/
80 mmHg at week 8 compared with losartan 100 mg/
day or valsartan [58]. At week 12, similar changes from
baseline in mean SBP and DBP were shown for all three
agents in the diabetes subgroup; however, the pro-
portion of these patients achieving the SBP/DBP goal of
<130/80 mmHg was not reported.

ARBs are very well tolerated drugs. Adverse events are
generally mild in severity and transient in duration. Few
laboratory abnormalities have been attributed to these
agents, and discontinuation rates in clinical trials have gen-
erally been similar in patients treated with ARBs or placebo
[59]. ARBs have a low potential for pharmacokinetic drug—
drug interactions compared with other classes of antihy-
pertensive agents; hence, they can be safely administered
with all other major antihypertensive drug classes [60,61].

An overview of important ongoing studies evaluating
the use of ARBs in patients with diabetes is presented in
table 2.

Pleiotropic Effects of ARBs Relevant to
Patients with Diabetes and Hypertension

While it is critical to attain BP control, which accounts for
more than 90% of the protective effect of this class, the
RAAS also plays a crucial role in circulatory homeostasis
and endothelial function [10,59]. The endocrine and
autocrine/paracrine effects of angiotensin II include
vasoconstriction, enhanced susceptibility to thrombo-
sis, superoxide production, vascular smooth muscle
growth, myocyte hypertrophy, fibrosis, remodelling of
tissues and stimulation of other hormonal mediators
that drive CV and renal pathology [59]. Hence, pharma-
cological modulation of the RAAS produces significant
CV and renal benefits in patients.

Activation of the RAAS is prominent in patients with
diabetes. Sympathetic overactivity stimulates the RAAS,
which, in turn, promotes retention of sodium and leads to
increases in intravascular volume and peripheral vascu-
lar resistance. This underscores the importance of RAAS
blockade for the management of hypertension in patients
with diabetes [62].

Reductions in morbidity and mortality have been
obtained with ARBs in clinical trials. Losartan reduced
therisk of the combined end-point of GV death, stroke and
MI by 13% compared with atenolol over a mean of
4.7 years, despite similar reductions in BP in the random-
ized, double-blind Losartan Intervention For Endpoint
(LIFE) study [63]. The benefit of losartan over atenolol
in the LIFE study was also evident in the subgroup of
1195 patients with diabetes and hypertension enrolled
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in the trial [64]. Although atenolol is a less efficacious
B-blocker than other agents in the class, particularly
with regard to its antiarrhythmic effects [65], the CV
benefits demonstrated by losartan in the LIFE study
remain clinically significant.

In addition to the demonstrated BP-lowering and reno-
protective effects of ARBs, drugs in this class also improve
insulin sensitivity in patients with diabetes [66—69] when
compared with conventional B-blockers, such as atenolol,
that are associated with increases in insulin resistance
[37]. For example, the incidence of new-onset diabetes
was significantly lower in patients treated with losartan
than with atenolol in the LIFE study [66]. A systematic
review of 22 clinical trials involving 143 153 patients with
hypertension who did not have diabetes at the time of ran-
domization showed that the risk of new-onset diabetes
was lowest for ARBs and ACEIs, followed in rank order by
CCBs, vasoconstricting B-blockers and diuretics [70].

The beneficial effects of ARBs in improving insulin
sensitivity and reducing the risk of new-onset diabetes
were thought to be associated with the partial agonist
activity at PPARYy, demonstrated in vitro for telmisartan
[71]. A small randomized study in patients with type 2
diabetes and hypertension demonstrated improvement
over baseline in blood glucose, haemoglobin Alc and
adiponectin levels and in the homeostasis model assess-
ment index after 4 months of treatment with telmisartan
80 mg/day than with amlodipine 10 mg/day in 40
patients. All patients in this study were receiving met-
formin at baseline and were started on rosiglitazone
4 mg/day at the beginning of the study. The two drugs
produced similar and significant reductions in mean BP
after 4 months when compared with baseline [72]. This
effect, however, has not been shown in large, appropri-
ately powered studies in man as the insulin-sensitizing
effect of telmisartan is very weak, that is approximately
one-eighth the effect of a thiazolinedione.

Most patients with diabetes and hypertension require
more than one antihypertensive agent — some patients
may require three or more — to achieve recommended
SBP/DBP targets recommended in contemporary hyper-
tension treatment guidelines. Thus, it is necessary to
choose agents from different classes with complementary
modes of action. Choosing a regimen that does not pro-
duce burdensome side-effects and allows for achieve-
ment of stringent target SBP/DBP goals is probably more
important than a specific drug strategy [26].

Conclusions
Hypertension is a common and important CV risk factor in

patients with diabetes, the prevalence of which is
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increasing. Tight control of BP in patients with diabetes
significantly reduces morbidity and mortality rates and is
recommended in contemporary treatment guidelines for
patients with diabetes. The target SBP/DBP in patients with
diabetes is <130/80 mmHg, and it often takes three or more
antihypertensive agents to achieve this goal. ARBs produce
reductions in BP that are comparable to ACEIs; have reno-
protective effects in patients with diabetes, hypertension
and overt nephropathy and retard progression of renal dis-
ease in patients with microalbuminuria but not with overt
nephropathy. The equivalent antihypertensive effects of
ARBs compared with other agents, combined with the
nephroprotective effects and better tolerability of ARBs
when compared with other antihypertensive drug classes,
support recommendations for the use of these agents in
patients with type 2 diabetes and hypertension.
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