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ABSTRACT
The prevalence rates of hypertension are expected to
increase globally. Hypertension accounts for the
majority of stroke and at least half of heart attacks.
Blood pressure lowering results in significant reduction
in coronary artery disease events and stroke.
Therapeutic intervention in high normal blood pressure
delays the onset of hypertension but its long term
benefits
are
uncertain.
In
hypertension
with
co-morbidities, the lower achievable blood pressure may
not be better in view of concerns over the J curve effect
of excessive blood pressure reduction. Hypertension
predisposes to the onset of diabetes which may be
accelerated by certain classes of anti-hypertensive
agents, namely diuretics or beta-blockers. In the very
elderly, the cardiovascular benefits of blood pressure
lowering can be substantial. Improved cardiovascular
outcomes are achieved by combination therapies which
have clearly demonstrated pronounced blood pressure
lowering and higher control rates. Certain drug
components of the combination therapy may be
preferred to improve cardiovascular outcomes. Dual
renin-angiotensin aldosterone system blockade should
not be routinely used but is indicated for hypertensive
patients without heart severe heart failure or chronic
renal disease with heavy proteinuria. The many
advantages of single pill combination therapy will
improve the overall management of hypertension.
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effects on the cardiovascular morbidity and mortality.
Unfortunately, blood pressure control rates are far from optimal
in most populations 4, 5. This mini-review will highlight some
recent developments in hypertension research that may
influence our strategies in improving management of
hypertension.

ETIOLOGIC CONSIDERATION
Although 90% of hypertension is essential or idiopathic, the rest
is caused by kidney disease, vascular (arterial) stenosis,
endocrinopathies, obesity and poly-pharmacy. An integral part
of the assessment for hypertension should include the patient's
cardiovascular (CV) risk and co-morbidities, and target organ
involvement in the heart (LVH) or in the kidney (proteinuria).
Some of the key patho-physiologic considerations which may
influence therapeutic approach, are volume regulation (sodium
and fluid balance, ADH, aldosterone etc), sympathetic nervous
system, renin-angiotensin-aldosterone system (RAAS),
vasoactive substances such as nitric oxide, prostaglandins,
endothelin, endothelium-derived hyperpolarising factor
(EDHF), associated co-morbidities such as obesity, sleep
apnoea, and genetic factors. The kidney plays a pivotal role in
salt and water intake and excretion which have a direct influence
on volume status. The INTERSALT Study confirmed a direct
relationship between sodium and mean blood pressure 6.
Hypertensive patients can have chronically increased levels of
renin despite feedback mechanisms 7. Aldosterone promotes
hypertension by sodium retention contributing to volume
expansion, up-regulation of angiotensin II (Ang II) receptors
and potentiation of pressor responses of Ang II 8. Over-activity
of the sympathetic nervous system may contribute to
hypertension. Alpha 1, alpha 2 and beta receptors mediate
cellular responses to catecholamines. Activation of alpha 1
receptors results in vasoconstriction contributing to increased
blood pressure 9. Vasoactive substances synthesised in the
vascular wall also play a vital role in the pathogenesis of
hypertension. The key vasoactive substances are nitric oxide
(vasodilation), prostaglandins (vaso-constriction), enthothelin I
(ET)-1 which counters the effects of nitric oxide and EDHF
which is vasodilating 10. Some of the important co-morbidities
in hypertensive patients are obesity and insulin resistance 11.

INTRODUCTION
Approximately 26.4% of the adult population worldwide had
hypertension in 2000, and this is expected to increase to 29.2%
1
by 2025 . Hypertension accounts for approximately two-thirds
of all strokes and 50% of heart attacks. There was a 22%
reduction in coronary heart disease (CHD) events and a 41%
reduction in stroke for a systolic BP reduction of 10 mm Hg or
2
diastolic BP reduction of 5mmHg . The slope of the relationship
between blood pressure (BP) and stroke in individuals of the
Asia-Pacific region is steeper than that observed in western
3
populations . It is anticipated that a better control of
PRE-HYPERTENSION
hypertension among Asians might have substantial beneficial
Pre-hypertension is defined by JNC-7 as the blood-pressure
range of 120 to 139 mm Hg systolic or 80 to 89 mm Hg
diastolic 12. The condition heralds arterial hypertension and thus
AKIRA WU, Nephrologist and Physician,
may be considered a starting point in the cardiovascular
Mount Elizabeth Medical Centre
T

H E

S

I N G A P O R E

F

A M I L Y

P

H Y S I C I A N

V O L 3 7(4) (S

U P P L E M E N T

2) O

CTOBER

-D

ECEMBER

2 0 1 1 : 35

RETHINKING THE STRATEGIES IN HYPERTENSION MANAGEMENT

disease continuum. Pre-hypertension is associated with excess
morbidity and death from cerebrovascular causes 13, 14.
Unfortunately, current preventive strategies which aim at
preventing the progressive rise in blood pressure using the
recommended lifestyle modifications are weak.
Two trials 15, 16 involving pre-hypertensive individuals
showed an angiotensin-converting enzyme inhibitor (ACEI)
and an angiotensin receptor blocker (ARB) were able to lower
blood pressure below 140/90 mmHg during therapy. However,
blood pressure of most subjects rose above 140/90 mmHg
following cessation of the drug. Pre-hypertension remains a
useful designation to identify individuals at high risk of
developing hypertension so that measures can be undertaken to
prevent the disease from developing.

NEW CHALLENGES IN BLOOD PRESSURE
GOALS
Most guidelines for the initiation of antihypertensive therapy
advocate the target BP < 140/90 mmHg for patients with or
without risk factors or target organ damage, or less than 130/80
mmHg for patients with diabetes or chronic kidney disease
(CKD). However, there are some concerns over the possible
existence of J-curve for lowering blood pressure too excessively
in patients with pre-existing coronary artery disease 17, 18.
In patients with isolated systolic hypertension, an increase in
stroke was observed when diastolic pressures were brought down
from 90 mmHg to below 65 mmHg. CKD patients had an
increase in strokes when systolic blood pressure was lowered
below 120 mmHg 19. Other studies 20, 21 have shown that systolic
blood pressures of less than 120 mm Hg and diastolic blood
pressures of less than 60 mm Hg have been associated with
increased mortality. On the other hand, patients with
pre-existing cerebrovascular disease had the greatest protection
against recurrence if the systolic blood pressure was reduced
below 120 mmHg 22. The findings of a meta-analysis of seven
randomised, controlled trials suggest the increased risk for
events observed in patients with low blood pressure was not
related to antihypertensive treatment. Poor health conditions
leading to low blood pressure and an increased risk for death
probably explain the J-curve 23.
Reduction of BP in patients with hypertension (>140/90
mmHg) and diabetes is known to reduce the risk of
cardiovascular events 24, 25, 26. An old mantra of hypertension
management is that "the lower the blood pressure, the better".
However, in the Action to Control Cardiovascular Risk in
Diabetes (ACCORD) trial 27 of diabetic patients with
hypertension, no significant difference in risk of nonfatal MI or
cardiovascular-related death was observed when comparing the
intensive-therapy (SBP < 120 mmHg) and standard-therapy
(SBP < 140 mmHg) groups. However, a significant 42%
reduced risk of total stroke and 38% reduced risk of nonfatal
stroke were observed with intensive therapy. Significant adverse
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events attributed to antihypertensive therapy were significantly
more frequent in the intensive treatment group. The ACCORD
investigators concluded that their results provide no evidence
that intensive BP control reduces the rate of a composite of
major cardiovascular events, such as hypotension (most
significant), bradycardia and hyperkalaemia. Adverse laboratory
measures include hypokalaemia, increased serum creatinine and
decreased glomerular filtration rate. Other adverse clinical
measures were decreased high density lipoprotein and increased
triglyceride.
Similarly, in The International Verapamil SR/ Trandolapril
(INVEST) study 28, no difference was seen in diabetic patients
with coronary artery disease when comparing the tight-control
(SBP <130 mmHg) and usual-control (SBP 130 to < 140
mmHg) groups with regard to the rate of the primary outcome
(first occurrence of all-cause death, nonfatal MI, or nonfatal
stroke). However, a significant 8% increase was seen in the
relative risk of all-cause mortality in the group with tight systolic
control BP (P = 0.04), suggesting a J-shaped curve for the
relationship between systolic blood pressure and mortality 29.
Furthermore, a retrospective analysis of outcomes in 25,588
high-risk subjects in ONTARGET 30 revealed no relationship
between in-trial systolic blood pressure reduction and risk of
myocardial infarction, heart failure, and cardiovascular
mortality. On the basis of available evidence from
placebo-controlled trials, randomised trials, and achieved BP
analyses, it would appear that the target BP levels recommended
in current guidelines (<130/80 mmHg) are not supported for
the prevention of macrovascular outcomes in patients with
diabetes.
The ongoing NIH-sponsored Systolic Blood Pressure
Intervention trial (SPRINT) 31 will test the hypothesis that
lowering of systolic blood pressure to <120 mmHg compared to
<140 mmHg is more effective in reducing cardiovascular events
in 9,250 high risk subjects with CKD, older age (> 55 years) or
underlying cardiovascular disease.
In elderly patients (80 years or older) with hypertension
(SBP >160 mmHg), the HYVET study 32 showed that reducing
SBP to ≈143.5/75.4 mm Hg with active treatment and to
158.5/84 mm Hg with placebo resulted in a 39% significant
reduction in the risk of fatal stroke. The active treatment studied
was indapamide SR (1.5mg). Also, Perindopril 2-4mg was
added when necessary, in order to achieve target blood pressure
of SBP 150mmHg and DBP 80mmHg. There was also an
impressive 64% reduction in the rate of heart failure, which was
highly significant. The study was stopped prematurely after a
median follow-up of 1.8 years because of a significant reduction
in all-cause mortality of 21% in favour of active treatment. The
HYVET study has provided unequivocal evidence that the
benefits of BP lowering in the very elderly can be very
substantial.
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DUAL RAAS BLOCKADE
Several studies have suggested that combining an ARB with an
ACEI may provide a more complete blockade of the RAAS in
the treatment of diabetic and non-diabetic nephropathy and
essential hypertension; in particular, it may lower BP and
proteinuria further than monotherapy 33, 34. In patients with
high CV risk, ACEI and ARB are virtually identical in providing
CV protection as shown in the ONTARGET study 35.
However, the renal data from the ONTARGET study
suggest that an ACEI/ARB combination has no advantages and
should not be routinely used for hypertensive patients without
severe heart failure or chronic renal disease with heavy
proteinuria. The combined treatment with an ACEI and an
ARB worsened renal outcome despite lowering proteinuria to a
greater extent. Furthermore, the study has limited generalisation
to the general diabetic nephropathy population, considering
that only 13% had microalbuminuria and 31% were
normotensive.
In the meantime, the addition of an ARB should be
considered for patients with heart failure due to reduced left
ventricular ejection fraction who have persistent symptoms, or a
progressive worsening of symptoms, despite therapy with an
ACE inhibitor and a β-blocker 36. A recent trial found that of the
1750 patients (5.4% of the study population) who received
combination therapy, 86.4% did not have trial-established
indications such as heart failure or proteinuria 37.
Combining a direct renin inhibitor (DRI) with an ACEI or
an ARB has been shown to produce additional blood pressure 38
or albuminuria 39 reductions respectively. The long-term benefits
of combining a DRI and an ARB in diabetic patients with high
CV and renal risk should be known when the results of
ALTITUDE study 40 are available in the near future.
HYPERTENSION AND NEW-ONSET DIABETES
Individuals with hypertension are at increased risk of developing
diabetes. Antihypertensive agents have a variable influence on
the rate of development of diabetes with diuretics and
beta-blockers accelerating, and ARBs slowing the process;
calcium channel blockers (CCBs) appear neutral 41. Whether or
not drug-related, hypertensive patients who develop new-onset
diabetes are at high cardiovascular risk 42.
A
recent
meta-analysis
used
11
randomised,
placebo-controlled clinical trials, with a total of 84,363 patients,
to study whether the administration of ACEIs or ARBs reduced
the incidence of new-onset diabetes43. The results showed that
ARBs significantly reduced diabetes incidence (OR, 0.8; CI,
0.8-0.9; P < .01). Incidence was also lower for ACEIs (OR, 0.8;
CI, 0.7-1.0) but was only marginally significant (P = .07). The
findings of the this meta-analysis are consistent with the 2 trials,
DREAM 44 and NAVIGATOR 45 which found lower but
non-statistically significant diabetes incidence with ACEIs, and
significantly lower incidence with ARBs. Pre-treatment plasma
glucose is by far the most important predictor of new-onset
diabetes and its excessive risk of CV events 46, 47. Multi-factorial
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intervention remains the primary goal in patients at high risk of
developing diabetes.
SINGLE PILL COMBINATIONS
In complicated hypertension, more than 2 antihypertensive
agents were usually required to reach goal BP levels as specified
in various trials (ALLHAT, LIFE, ASCOT) on hypertension 48,
49, 50
. JNC7 was the first guideline advocating first-line
combination therapy for those subjects requiring ≥
20/10mmHg blood pressure reduction (stage 2 hypertension) 51.
The recognition of the need for several drugs to achieve
control led to the development of single-pill combination
therapies involving almost all newer classes of antihypertensive
agents. Single pill combinations offer many advantages which
include ease of administration, minimisation of side effects due
to lower doses of component drugs, synergistic mechanisms of
drug actions, and improved compliance. The other advantage of
single pill combinations is to provide the opportunity for early
achievement of blood pressure goals to impact positively on CV
outcome as shown in the VALUE trial 52.
The recently published ACCOMPLISH trial 53 started to
address the issue of the impact of different combinations of
antihypertensive agents on the outcomes of hypertensive
subjects at high risk. This study recruited 11,506 high risk
hypertensive patients who were randomised to either
ACEI/HCTZ combination or ACEI/CCB combination. The
results showed ACEI/CCB was preferable to ACEI/HCTZ in
significantly reducing CV events and mortality. In addition,
significantly more patients in both arms achieved over 75%
control rate with single pill combinations than with free
combinations. However, a recent study 54 showed that the
ARB/diuretic
combination
decreased
urinary
albumin:creatinine ratio (UACR) significantly more than the
ARB/CCB combination, and this decrease in UACR was
associated with a greater magnitude reduction in sleep SBP.
Powerful epidemiological associations with even smaller
amounts of albuminuria have been made with the risk of renal
failure and cardiovascular events 55, 56.
CONCLUSIONS
In conclusion, the quest for higher rates of blood pressure
control continues to be a challenge. Therapeutic reduction of
high normal blood pressure delays the onset of hypertension but
its long term benefits remain unproven. The ideal blood pressure
goals for hypertensive patients remain uncertain as more
randomised control trials are needed to address this issue. In the
very elderly, the benefits of blood pressure lowering can be
substantial. Dual RAAS blockade should only be used in
hypertensive patients with certain co-morbidities. The
combination of a RAAS blocker with a CCB appears to be an
appropriate, and even superior, choice for the treatment of
high-risk patients with hypertension. Single pill combinations
are certain to play a more important role in the therapeutic
management of hypertension.

V O L 3 7(4) (S

U P P L E M E N T

2) O

CTOBER

-D

ECEMBER

2 0 1 1 : 37

RETHINKING THE STRATEGIES IN HYPERTENSION MANAGEMENT

REFERENCES

1. Kearney PM, Whelton M, Reynolds K, et al. Global burden of hypertension: analysis of worldwide data. Lancet 2005; 365(9455): 217–223.
2. Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in
the prevention of cardiovascular disease: meta-analysis of 147
randomised trials in the context of expectations from prospective
epidemiological studies. Br Med J 2009; 338: b1665.
3. Asia Pacific Cohort Studies Collaboration. Blood pressure and cardiovascular disease in the Asia Pacific Region. J Hypertens 2003; 21: 707–716.
4. Lloyd-Jones D, Adams R, Carnethon M, et al. Heart disease and stroke
statistics-2009 update: A report from the American Heart Association
statistics committee and stroke statistics sub-committee. Circulation
2009;119:e21-e181.
5. Dorjgochoo T, Shu XO, Zhang X, et al. relation of blood pressure
components and categories and all-cause, stroke and coronary heart
disease mortality in urban Chinese women: A population-based prospective study. Hypertension 2009;27(3):468-475.
6. Stamler J, Elliott P, Kesteloot H, et al. Inverse Relation of Dietary
Protein Markers With Blood Pressure: Findings for 10 020 Men and
Women in the INTERSALT Study. Circulation 1996;94(7):1629-1634.
7. Alderman MH, Cohen HW, Sealey JE, et al. Plasma Renin Activity
Levels in Hypertensive Persons: Their Wide Range and Lack of Suppression in Diabetic and in Most Elderly Patients. Am J Hypertens 2004;17:1-7.
8. Epstein M. Hypertension Primer. The essentials of high blood pressure:
basic science, population science and clinical management. 4th ed.
Philadelphia, PA Lippincott Williams and Wilkins, 2008:443-445.
9. Berecek KH, Carey RM. Hypertension Primer. The essentials of high
blood pressure: basic science, population science and clinical management. 4th ed. Philadelphia, PA Lippincott Williams and Wilkins, 2008:3943).
10. Nasjletti A. Hypertension Primer. The essentials of high blood
pressure: basic science, population science and clinical management. 4th
ed. Philadelphia, PA Lippincott Williams and Wilkins, 2008:94-99.
11. Shammas NW, Sica DA, Toth PP. A guide to the management of
blood pressure in the diabetic hypertensive patients. Am J Cardiovasc
Drugs 2009;9(3):149-162.
12. Chobanian AV, Bakris GL, Black HR, et al. Seventh report of the Joint
National Committee on the Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. Hypertension 2003;42:1206-1252.
13. Julius S, Schork MA. Borderline hypertension - a critical review. J
Chronic Dis 1971;23:723-54.
14. Vasan RS, Larson MG, Lei EP, et al. Impact of high-normal blood
pressure on the risk of cardiovascular disease. N Engl J Med
2001;345:1291-7.
15. Luders S, Schrader J, Berger J, et al. The PHARAO study: Prevention
of hypertension with the angiotensin-converting enzyme inhibitor
ramipril in patients with high-normal blood pressure: A prospective,
randomised, controlled prevention trial of the German Hypertension
League. J Hypertens 2008;26:1487-1496.
16. Julius S, Nesbitt SD, Egan BM, et al. Feasibility of treating prehypertension with an angiotensin- receptor blocker. N Engl J Med 2006;354:16851697.
17. Fagard RH, Straessen JA, Thijs L, et al. On-treatment diastolic blood
pressure and prognosis in systolic hypertension. Arch Intern Med
2007;167:1884-1891.
18. Messerli FH, Mancia G, Conti CR, et al. Dogma disputed: can aggressively lowering blood pressure in hypertensive patients with coronary
artery disease be dangerous? Ann Intern Med 2006;144:884-893.
19. Weiner DE, Tighiouart H, Levey AS, et al. Lowest systolic blood
pressure is associated stroke in stage 3 to 4 chronic kidney disease. J Am
Soc Nephrol 2007;18;960-966.
20. Berl T, Hunsicker LG, Lewis JB, et al. Impact of achieved blood
pressure on cardiovascular outcomes in the irbesartan diabetic
nephropathy trial. J Am Soc Nephrol 2005; 16: 2170-2179.
21. Protogerou AD, Safar ME, Iaria P, et al. Diastolic blood pressure and

T

H E

S

I N G A P O R E

F

A M I L Y

P

H Y S I C I A N

mortality in the elderly with cardiovascular disease. Hypertension 2007;
50: 172-180.
22. Arima H, Chalmers J, Woodward M, et al. Lower target blood
pressures are safe and effective for the prevention of recurrent stroke:
The PROGRESS trial. J Hypertens 2006;24:1201-1208.
23. Boutitie F, Gueyffier F, Pocock S, et al. J-shaped relationship between
blood pressure and mortality in hypertensive patients: new insights from
a meta-analysis of individual -patient data. Ann Intern Med 2002;136:438448.
24. Curb JD, Pressel SL, Cutler JA, et al. Effect of diuretic-based antihypertensive treatment on cardiovascular disease risk in older diabetic
patients with isolated systolic hypertension. Systolic Hypertension in the
Elderly Program Cooperative Research Group. JAMA 1996;276:18861892.
25. Tuomilehto J, Rastenyte D, Birkenhäger WH, et al. Effects of calciumchannel blockade in older patients with diabetes and systolic hypertension. Systolic Hypertension in Europe Trial Investigators. N Engl J Med
1999;340: 677–684.
26. Patel A, ADVANCE Collaborative Group. Effects of a fixed combination of perindopril and indapamide on macrovascular and microvascular
outcomes in patients with type 2 diabetes mellitus (the ADVANCE trial):
a randomised controlled trial. Lancet 2007:370;829–840.
27. Cushman WC and The ACCORD Study Group. Effects of intensive
blood-pressure control in type 2 diabetes mellitus. N Engl J Med
2010;362:1575–1585.
28. Pepine CJ, Handberg EM, Cooper-DeHoff RM, et al. A calcium
antagonist vs a non-calcium antagonist hypertension treatment strategy
for patients with coronary artery disease. The International VerapamilTrandolapril Study (INVEST): a randomised controlled trial. JAMA
2003;290:2805–2816.
29. Cooper-Dehoff RM, Gong Y, Handberg EM, Bavry AA, et al. Tight
blood pressure and cardiovascular outcomes among hypertensive
patients with diabetes and coronary artery disease. JAMA 2010;304:6168.
30. Sleight P, Redon J, Verdecchia P, et al. ONTARGET investigators.
Prognostic value of blood pressure in patients with high vascular risk in
the Ongoing Telmisartan Alone and in combination with Ramipril Global
Endpoint Trial study. J Hypertens 2009;27:1360-1369.
31. US Department of Health and Human Services. National Heart,
Lung, and Blood Institute, NIH News. NIH blood pressure trial expands
to include more older adults (online).
http://www.nih.gov/news/health/oct2010/nhlbi-04.htm (2010).
32. Beckett NS, Peters R, Fletcher AE, et al. Treatment of hypertension
in patients 80 years of age or older. N Engl J Med 2008;358:1887-1898.
33. Jacobsen P, Andersen S, Rossing K, et al. Dual blockade of the
renin-angiotensin system in type 1 patients with diabetic nephropathy.
Nephrol Dial Transplant. 2002; 17: 1019-1024.
34. Mogensen CE, Neldam S, Tikkanen I, et al for the CALM Study group.
Randomised controlled trial of dual blockade of renin-angiotensin system
in patients with hypertension, microalbuminuria, and non-insulin
dependent diabetes: the candesartan and lisinopril microalbuminuria
(CALM) study. BMJ. 2000 21: 1440-1444.
35. ONTARGET Investigators. Telmisartan, ramipril, or both in patients
at high risk for vascular events. N Engl J Med 2008;358:1547-1559.
36. Heart Failure Society of America, Lindenfeld J, Albert NM, Boehmer
JP, et al. HFSA 2010 comprehensive heart failure practice guideline. J Card
Fail 2010;16:e1-194
37. McAlister FA, Zhang J, Tonelli M, et al. The safety of combining
angiotensin-converting-enzyme inhibitors with angiotensin receptor
blockers in elderly patients: a population-based longitudinal analysis.
CMAJ 2011;183:655-62.
38. Yarows SA, Oparil S, Patel S, et al. Aliskiren/ valsartan combination
lowers blood pressure effectively irrespective of diabetic status

V O L 3 7(4) (S

U P P L E M E N T

2) O

CTOBER

-D

ECEMBER

2 0 1 1 : 38

RETHINKING THE STRATEGIES IN HYPERTENSION MANAGEMENT

compared to the component monotherapies: a post-hoc analysis.
Diabetologia 2009;52(Suppl 1):S1-S550.
39. Parving HH, Persson F, Lewis JB, et al. Aliskiren Combined with
Losartan in Type 2 Diabetes and Nephropathy for the AVOID Study
Investigators. N Engl J Med 2008; 358:2433-2446.
40. Parving HH, Brenner BM, McMurray JJ, et al. Aliskiren Trial in Type 2
Diabetes Using Cardio-Renal Endpoints (ALTITUDE):rationale and study
design. Nephrol Dial Transplant 2009;24(5):1663-1671.
41. Elliott WJ, Meyer PM. Incident diabetes in clinical trials of
antihypertensive drugs: a network meta-analysis. Lancet 2007; 369:
201–207.
42. Verdecchia P, Angeli F, Roboldi G. New-onset diabetes,
antihypertensive treatment, and outcome. Hypertension 2007; 50:
459–460.
43. Tocci G, Paneni F, Palano F, et al. Angiotensin-Converting Enzyme
Inhibitors, Angiotensin II Receptor Blockers and Diabetes: A
Meta-Analysis of Placebo-Controlled Clinical Trials. Am J Hypertens.
2011;24:582-590.
44. The DREAM Trial Investigators. Effect of Ramipril on the Incidence of
Diabetes. N Engl J Med. 2006;355:1551-1562.
45. The NAVIGATOR Study Group. Effect of Valsartan on the Incidence
of Diabetes and Cardiovascular Events. N Engl J Med.
2010;362:1477-1490.
46. Aksnes TA, Kjeldsen SE, Rostrup M, et al. Predictors of new-onset
diabetes mellitus in hypertensive patients: the VALUE trial. J Human
Hypertens 2008; 22: 520–527.
47. Gupta AK, Dahlof B, Dobson J, et al. Determination of new-onset
diabetes among 19 257 hypertensive patients randomised in the
Anglo-Scandinavian Cardiac Outcomes Trial– Blood Pressure Lowering
Arm and the relative influence of antihypertensive medication. Diabetes
Care 2008; 31: 982–988.
48. ALLHAT Officers and Coordinators for the ALLHAT Collaborative
Research Group. Major outcomes in high-risk hypertensive patients
randomised to angiotensin-converting enzyme inhibitor or calcium
channel blocker vs diuretic: the Antihypertensive and Lipid-Lowering

Treatment to Prevent Heart Attack Trial (ALLHAT). J Am Med Assoc
2002;288: 2981–2997.
49. Dahlof B, Devereux RB, Kjeldsen SE, et al. Cardiovascular morbidity
and mortality in the Losartan Intervention for Endpoint Reduction in
Hypertension study (LIFE): a randomised trial against atenolol. Lancet
2002;359: 995–1003.
50. Dahlof B, Sever PS, Poulter N, et al. Prevention of cardiovascular
events with an antihypertensive regimen of amlodipine adding perindopril
as required versus atenolol adding bendroflumethiazide as required, in
the Anglo-Scandinavian Cardiac Outcomes Trial-Blood Pressure
Lowering Arm (ASCOT-BPLA): a multicentre randomised controlled
trial. Lancet 2005;366: 895–906.
51. Chobanian AV, Bakris GL, Black HR, et al. Seventh report of the Joint
National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. Hypertension 2003;42: 1206–1252.
52. Julius S, Kjeldsen SE, Weber M, et al. Outcomes in hypertensive
patients at high cardiovascular risk treated with regimens based on
valsartan or amlodipine: the VALUE randomised trial. Lancet 2004;363:
2022–2031.
53. Jamerson K, Weber MA, Bakris GL, et al. Benazepril plus amlodipine
or hydrochlorothiazide for hypertension in high-risk patients N Engl J
Med 2008;359:2417–2428.
54. Matsui Y, Eguchi K, Ishikawa J, et al. Urinary Albumin Excretion
During Angiotensin II Receptor Blockade: Comparison of Combination
Treatment With a Diuretic or a Calcium-Channel Blocker. Am Journal
of Hypertens 2011;24(4):466–473.
http://www.nature.com/ajh/journal/v24/n4/abs/ajh2010240a.html - aff1
55. Klausen KP, Parving H-H, Scharling H, et al. The association between
metabolic syndrome, microalbuminuria and impaired renal function in the
general population: impact on cardiovascular disease and mortality. J
Intern Med 2007;262:470-478.
56. Klausen KP, Scharling H and Jensen JS. Very low level of
microalbuminuria is associated with increased risk of death in subjects
with cardiovascular and cerebrovascular diseases. J Intern Med
2006;260:231-237.

LEARNING POINTS
•

Blood pressure lowering results in significant reduction in coronary artery disease events and stroke.

•

Hypertension predisposes to the onset of diabetes which may be accelerated by certain classes of
anti-hypertensive agents, namely diuretics or beta-blockers.

•

In the very elderly, the cardiovascular benefits of blood pressure lowering can be substantial. Dual
renin-angiotensin aldosterone system blockade should not be routinely used but is indicated for
hypertensive patients without heart severe heart failure or chronic renal disease with heavy
proteinuria.

•

The advantages of single pill combination therapy in hypertension offer the advantages of ease of
administration, minimisation of side effects due to lower doses of component drugs, synergistic
mechanisms of drug actions, and improved compliance.
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