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Abstract Hypertension and diabetes mellitus are both common conditions associated

with a high morbidity and mortality. When the two conditions occur together, as
they do in 50% of diabetic individuals, the resultis a 7.2-fold increase in mortality.
If hypertension occurs in association with diabetes mellitus and diabetic nephrop-
athy, mortality rises to 37-fold above that of a healthy population.

Despite the increase in incidence of nephropathy, cardiovascular disease re-
mains the major cause of death in diabetic individuals. Therapy should therefore
take into consideration the results of large, placebo-controlled trials which have
shown reduction in cardiovascular morbidity and mortality as a result of active
treatment. Although studies with the newer antihypertensive agents such as cal-
cium antagonists and angiotensin converting enzyme (ACE) inhibitors are
ongong, only diuretics anfi-adrenoceptor antagonists have been clearly shown
to reduce cardiovascular risk.

Despite concerns regarding adverse metabolic effects and loss of hypoglycae-
mic awarenesg3-blockers and diuretics do have a role in the management of
diabetic patients. While it is clear that ACE inhibitors reduce the progression of
diabetic nephropathy, evidence suggests that diuretics may be just as effective.
However, unlike diuretics d3-blockers, ACE inhibitors have no proven benefit
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in the prevention of stroke or myocardial infarction. Despite the claims of meta-
bolic neutrality made for many antihypertensive agents there appears to be no
advantage in their use in the majority of hypertensive diabetic patients, except
where there exist specific contraindications to established therapies.

1. Overview In addition to poor glycaemic control or frank
nephropathy, the development of microalbuminu-
Hypertension is a common comorbid conditionria in the diabetic population has also been shown
occurring at least twice as frequently in patientso predict an increased risk of cardiovascular mor-
with type 1 (insulin-dependent) and type 2 (non—aity.[8 Microalbuminuria (defined as 30 to 300mg
insulin-dependent) diabetes mellitus as in the nongrinary albumin/24 hours) results from an alter-
diabetic population. Of the 25 million diabetic in- ation in glomerular shunting of albumin, increased
dividuals worldwide, approximately 50% are alsOjntraglomerular pressure and increased levels of
hypertensive (25% in the young, 75% in the el oy th factors which alter cell permeabiliyThe
derly) 2! features which predispose to microalbuminuria

Although the exact relationship between diabe;n | de poor diabetic control as assessed by

tes mellitus anq hyperten.sion d.iffers between pr%chosylated haemoglobin (HbA1) duration of di-
1 and type 2 diabetic patients, in both pc)pul""t'or‘%betes and also inherited fact&tsPersisting

the F}resepce cl)tf r|1.yp<ta.rtens]|con lz_assoualted W::h fhicroalbuminuria is a strong predictor of progres-
significant muitiplication of cardiovascular rsK, g, 15 more severe renal disease and also of future

particularly _for stroke and |scha¢m|c heart dlseas?nacrovascular episodes. Diabetic nephropathy is
and renal disease. A recent review by Sowers and

Epsteifd! assessing the cardiac comolications 01,now the leading cause of end-stage renal disease in
P 9 P the Western worldt® and affects one-fifth of pa-

diabetes mellitus in the presence of hypertensio?Ients who are on renal replacement therany world-
has confirmed that diabetic patients have a higher P by

incidence of coronary artery disease, systolic an&v'de' Evidently, hypertension and microalbuminu-

diastolic ventricular dysfunction and left ventricu- ria are cllosely related, either directly.or i.ndir_ectly,_
lar hypertrophy than individuals with either dia- and the ideal treatment for hypertension in diabetic

betes mellitus or hypertension alone. It is noWpatients should also take into account diabetic renal

recognised that approximately 80% of diabeticdisease. o _ .
Type 1 diabetes mellitus is associated with hy-

mortality is secondary to macrovascular complica- - - )
tions4] pertension in approximately 30% of patielsts.

Within the type 2 population the association pe-The presence of hypertension in this population is
tween hypertension, diabetes mellitus and increasdfought to be a consequence rather than a cause of
cardiovascular risk may be on the basis of a sharé@nal disease, as hypertension tends to closely fol-
aetiology, with endothelial dysfunction, insulin re- oW the onset of microalbuminuri&! In type 1
sistance, alterations in platelet aggregation anéiabetes mellitus, the natural history following de-
dyslipidaemia contributing to the underlying patho-velopment of microalbuminuria is a progression to
physiology®®! In comparison with the general pop- Proteinuria, reduced glomerular filtration rate
ulation, relative mortality due to cardiovascular (GFR) and eventually end-stage renal disédse.
disease is increased about 2.5- to 7.2-fold in paAbout 40 to 45% of type 1 and about 25% of type
tients with both diabetes mellitus and hypertend! diabetic patients develop a degree of nephropa-
sion, and up to 37-fold with the addition of estab-thy.*?l Although the major cause of death in dia-
lished nephropath§! It has also been estimated betic patients is cardiovascular disease, the inci-
that hypertension is associated with 35 to 75% oflence of nephropathy is increasing, with obvious
diabetic complicationE] economic consequencéd. This is reflected in the

[ Adis International Limited. All rights reserved. Drugs 1998 Aug; 56 (2)



Hypertension and Diabetes 191

growing interest in preventing or slowing the pro- tients classified as hypertensive and thus requiring
gression of renal disease by drug intervention. therapy has risen consideraBly.

The time from onset of proteinuria to onset of Even among patients with normal clinic blood
terminal renal failure is 6 to 8 years in both type 1pressure (<140/90mm Hg), values may not entirely
and 2 diabetes mellitus. It has been established thagflect normotension. The use of ambulatory blood
GFR declines linearly in diabetic patients with un- pressure monitoring (ABPM) has revealed a group
treated hypertension (by between 4 and 18 ml/minf individuals who do not display the normal diur-
year)14 Treatment of elevated blood pressure hasal variation in blood pressure with evidence of a
been shown to reduce and in some cases reversecturnal fall (usually >10%4}] these are classi-
the progress of renal damage. In type 1 patientfied as ‘nondippers’. The prevalence of nondippers
included in the UK Microalbuminuria Study, blood rises in patients who are diabetic, and is even
pressure control rather than glycaemic control wasigher in those with microalbuminuria and diabetic
the main predictor of nephropath§l nephropathy. In a long term study, ABPM Hagvsn

Type 2 diabetes mellitus is preceded by the prea 4-fold higher rate of increase in mean 24-hour
sence of hypertension in up to 50% of patientsblood pressure in patients who progress to micro-
Approximately 40% of newly diagnosed type 2 pa-albuminuria, compared with persistently normo-
tients recruited to the United Kingdom Prospectivealbuminuric patients (approximatelywg 1mm Hg
Diabetes Study (UKPDS) study were hypertensiveper year)?°! This may be in part due to fluid reten-
at entryl16! Evidence from this trial confirms that tion or a reduction in parasympathetic activity.
morbidity and mortality due to cardiovascular
complications often intervene before the conse- 1.2 Targets for Blood Pressure Reduction

quences of end-stage renal failé. o Further studies are required to clarify the exact

Both systolic and diastolic hypertension alike targets for blood pressure reduction such that a sat-
appear to be associated with diabetic nephropathifactory reduction in cardiovascular and renal risk
in type 2 diabetes mellitus (and produce an 86%; pe obtained. The synergistic effect of blood
increase in the risk of diabetic nephropathy, s essure reduction and improved glycaemic con-
macrovascular complications such as perlpheraﬁm also remains to be fully characterised. Some
vascular disease and left ventricular hypertroye suggested that in diabetic patients with ne-
phy)[*®l The high prevalence of hypertension in npropathy the principle of blood pressure reduc-
this population presents an obvious target for interjon should be ‘the lower the better’. An acceptable
vention to reduce morbidity and mortality. Unfor- compromise of <130/80mm Hg has been suggested
tunately, no long term data exist to definitively by the US National Institutes of Health, while a
demonstrate a beneficial effect of antihypertensivepressure of 130/85mm Hg should be aimed for in
therapy on the progression of renal disease in p&;jon-nephropathic diabetic patieR.The concept
tients with type 2 diabetes mellitus, although suchy isk stratification, where targets for therapy are
trials are under waly®l determined by the overall risk profile of the indi-

vidual, is also becoming a focus of attenti¢h.
1.1 Definition of Hypertension 2. Antihypertensive Therapy

The threshold for the definition of hypertension and the Diabetic Patient

has fallen over the past decade, with a value of
140/90mm Hg now being accepted by the Ameri-
can Diabetes Association as the upper limit of 2.1.1 Bodyweight Reduction

normal blood pressure. As a consequence of this Obesity is a very strong correlate with both hy-
reduction in threshold, the number of diabetic pa-pertension and type 2 diabetes mellitus. There is

2.1 Nonpharmacological Measures
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now indisputable evidence that bodyweight loss Apart from blood pressure reductiper se re-
improves insulin sensitivity and lowers blood pres-duction in long term cardiovascular complications
surel!l Reducing bodyweight has been shown toand mortality, along with prevention or slowed pro-
achieve blood pressure reduction equivalent to thagression of renal disease, are important considera-
obtained with a low dose diuref! Thus, body- tions. Clearly, studies which look at primary end-
weight reduction should be a key target in obesgyints such as mortality and time to dialysis are
hypertensive diabetics. The Joint National Com-tjme-consuming and thus less frequently pursued.
mittee on the Detection, Evaluation and Treatmenbonsequently, most studies use surrogate end-
of High Blood Pressure (JNC A}l suggests that qints such as blood pressure reduction, regression

all hypertensive patients above their desirabléyf |eft ventricular hypertrophy or reduction in al-
bodyweight should be placed on a bodyweight re,minyria/proteinuria. Until more long term stud-

duct!on programme involv.in_g caloric restriction ies are available, debate regarding the optimal
and increased physical activity. management of hypertension in diabetes mellitus
will continue. Despite this, subgroup analyses of
large mortality/morbidity studies of hypertension
Low Salt Diet and cardiovascular disease have demonstrated that
Sodium is thought to play a more important giapetic patients benefit considerably from appro-
pathogenic role in the hypertension associated W_ltfbriate antihypertensive therapy.

diabetes mellitus, partly due to an increase in \yg consider below the various classes of agents
extravascular fluid. Excess sodium retention is al-

d in th i q ¢ diab used to achieve blood pressure control, with special
ready present in the uncomplicated stages of diabgz ¢ ance to their use in diabetes mellitus. Diabetic

te_s me_Illtus anq dlfferentlate_s dl_ab_et_lc from non'patients are a heterogeneous group with many
diabetic essential hypertensive individuals. Thus, .. . : : .
individuals demonstrating multiple pathologies

d'abeF'C hypgrtgnsmn appears to represent a path(\?\;hich will clearly influence the pharmacokinetics
genetically distinct form of hypertension. Hyper-

and pharmacodynamics of drug therapy.

tensive diabetic patients may also have an en- A f the effects of vari tih
hanced sensitivity of blood pressure to sodighh. summary ot Ine efiects ot various antinyper-

Thus, all hypertensive diabetic individuals shoulgt€nsive agents in diabetes mellitus is givenin table
be encouraged to follow a low sodium diet. I. The effects of therapy on renal function and mor-

phology are summarised in table II.

2.1.2 Dietary Modification

Lipid-Lowering Diet ) .
Although not related to blood pressure reduc- Iz'z;tlhD'“ret'Cg. bet lation. diureti |
tion per se reduction in dietary saturated fat may n the nondiabetic population, diuretics, along

be recommended as part of an overall strategy t&v'th B-adre_noc_eptor antagpmsts, are We” estab-
lower cardiovascular risk. lished as first-line therapy in hypertension. Both

classes of drugs are associated with a proven reduc-
tion in cardiovascular morbidity and mortality as
demonstrated by long term controlled clinical tri-

The treatment of hypertension in diabetic pa-als®*

tients must take into account the presence of a clus- Diuretics would be expected to be beneficial in
ter of metabolic abnormalities such as insulin re-diabetic patients, given that diabetic individuals
sistance and dyslipidaeni?8 The aim of therapy have lower renin levels and more marked salt sen-
should therefore be to lower blood pressure satissitivity.[?>) Hypertension in diabetes mellitus re-
factorily without adversely affecting metabolic sults from an increase in peripheral vascular resis-
control or adding to the burden of compromisedtance, and hence the vasodilatory action of diuretics
end organs such as the heart and kidney. is beneficial.

2.2 Drug Therapy

[ Adis International Limited. All rights reserved. Drugs 1998 Aug; 56 (2)
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Table I. Summary of effects of antihypertensive drugs in patients with diabetes mellitus

Drug Insulin Lipid metabolism Potassium  Peripheral  Microalbuminuria LVH  Disturbances of
resistance  cholesterol triglycerides HDL blood flow sexual function
Diuretics - - - - - -) 0, + 0,+ -
B-Blockers
nonselective  — =) - - 0 - 0, + + -
selective =) 0 =) 0 0 =) 0, + + =)
Calcium 0 0 0 0 0 +) 02, + + +
antagonists
ACE inhibitors  (+) 0 0 0 0 0 ++ + 0
Angiotensin Il — 0 0 0 0 0 (+)P° + 0
antagonists
a-Blockers + + + + 0 0 0 + =)

a Applies only to dihydropyridine calcium antagonists such as nifedipine.
b Results awaited.

ACE = angiotensin converting enzyme; HDL = high density lipoprotein cholesterol; LVH = left ventricular hypertrophy; — = adverse effect; +
= beneficial effect; 0 = no effect; (—) = possible adverse effect; (+) = possible beneficial effect.

Early studies showed an adverse effect of di<eiving relatively high doses of thiazidé%34! In
uretics on glycaemic control, reflected in a rise inone study®®! a 4-fold excess mortality was re-
serum glucose and HbAlc levels. Most of theseported in patients receiving diuretics compared
studies, however, were performed in patients whavith those who were not. It has been postulated that
were on very high doses of diureti¢528] this excess mortality may have been related to

Various mechanisms have been proposed byypokalaemia and perhaps volume depletion in-
which diuretics may adversely affect glucose me-duced by high diuretic dosé&s.
tabolism. Serum potassium depletion has been As current clinical practice recognises the use-
associated with a marked reduction in glucoseful role of low doses of thiazides in blood pressure
stimulated insulin release, and may also predisposeontrol, the adverse effects seen with higher doses
individuals to the occurrence of arrhythmi#®. are less relevant. Indeed, lower doses are not asso-
Conversely, the effects on insulin release areciated with adverse effects on lipid and carbohy-
completely abolished if potassium supplements ardrate metabolism and their use is acceptable in di-
given along with thiazide diureti¢®! Increased abetic patients who do not have contraindications.
peripheral insulin resistance may also contribute tdubgroup analysis of the Systolic Hypertension in
the effect of thiazides on glycaemic control. Stud-the Elderly Program (SHEP)! confirms that low
ies using the euglycaemic hyperinsulinaemic clamglose thiazide therapy in diabetic patients is well
have demonstrated that hydrochlorothiazide thertolerated and has a negligible effect on glucose,
apy results in a decrease in insulin-stimulated glulipid and uric acid levels. More importantly, SHEP
cose uptak®!! It has also been suggested that in-reported a comparable reduction in the incidence
creased hepatic glucagon release by thiazides maf cardiovascular events in the diabetic cohort.
also contribute to hyperglycaemia. However, this Although the diuretic indapamide has yielded
has not been demonstrated in diabetic patiéfits. promising results with regard to glycaemic con-

Diuretics may also potentiate orthostatic hypo-trol,*¢! benefits from its use in reducing morbidity
tensive changes in patients with diabetic auto-and mortality have not yet been proven.
nomic neuropathft! Concerns regarding the use
of thiazides in individuals with diabetes mellitus  Diuretics and Renal Disease
have been compounded by 2 studies which re- Although early studies suggested that diuretic
ported excessive mortality in diabetic patients re-use might accelerate renal disease, a more recent
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Table Il. Summary of the effects of antihypertensive therapies on renal morphology, function and proteinuria (after Bakris et all*l)

Drug class Mesangial Albuminuria Glomerulosclerosis Time to dialysis Cardiovascular
volume mortality

Diuretics ? -, 1 ? !

B-Blockers - -, 4 ! ! i

Calcium antagonists -3 -2 -2 -2 -2

ACE inhibitors Ll I Ll 1l !

Angiotensin Il antagonists ~ ? ? ? ? ?

a-Blockers - - o ? ?

a Applies only to short-acting dihydropyridine calcium antagonists such as nifedipine.

ACE = angiotensin converting enzyme; 1 = increased; — = no significant effect; | = reduced; ? = effect unknown.

double-blind, placebo-controlled study with low ports of B-blocker—induced alterations in periph-
doses of hydrochlorothiazide (12.5 to 25 mg/day)eral insulin sensitivity still remain difficult to in-
has demonstrated a slowed progression of nephroperpret(43.44]

athy comparable with that obtained with angioten- One study which reported a 4-fold increase in

sin converting enzyme (ACE) inhibitol&] the incidence of diabetes in patients recei\iag
blockers or a diuretic for treatment, compared with
2.2.2 B-Adrenoceptor Antagonists those on no treatment, neither took into consider-

Despite being preferred first-line agents in ation the effect of severity of hypertension, nor
the management of essential hyperten&dr3- made comparisons with other therapfék.
blockers are used with a greater degree of caution As the antihypertensive effects pfblockers
in diabetic patients. These drugs are believed tgre mediated by blockade of tBe-adrenoceptor
adversely affect glucose and lipid metabolism, towhile impaired glycaemic control is mediated via
reduce awareness of and prolong recovery fromhe p,-adrenoceptor, the use pf-selective agents
hypoglycaemia and also to result in peripheralis clearly preferable in diabetic patients.
vasoconstrictiort?!

Many of the studies on which this evidence is  Hypoglycaemia
based involved the use of nonselecfivielockers, One of the main areas of concern regarding the
which are recognised to detrimentally affect glu-use off3-blockers in diabetic patients is the loss of
cose tolerance in diabetic patiefs?°! On the  hypoglycaemic awareness, and potential interfer-
other hand, cardioselecti&blockers appear to ence with the metabolic response.
have less of an effect on glycaemic conit®l. Serious hypoglycaemia is usually averted by the

It has also been suggested tRdilockers may presence of neuroglycopenic and autonomic symp-
precipitate diabetes mellitus among hypertensivaoms which accompany low blood glucose, trigger-
obese patients, due to an increase in insulin reing an increase in counter-regulatory hormones
sistancdll The mechanisms responsible are notsuch as adrenaline (epinephrine) and glucagon.
well established, but could reflect a change in panWhile there is some evidence in patients with
creatic insulin secretion through inhibition [&f- diabetes mellitus that the use of nonselecfive
receptord3®l NonselectiveB-blockers have been blockers may increase blood pressure and impair
associated with decreased glucose-stimulated inswglucose recovery rate following hypoglycae-
lin releas&° while a switch to selecti@blockers  mia46] low dosep;-selective blockade does not
has been reported to increase insulin levels and rexppear to have this effdét]! In any case, lack of
duce blood glucoséll Hepatic glucose production hypoglycaemic awareness duefdlockade has
does not appear to be altered®¥blockers, sug- not been unguivocally proven. One study exam-
gesting that this is an unlikely mechani§fRe-  ining the effect of proprolol on insulin-induced

[ Adis International Limited. All rights reserved. Drugs 1998 Aug; 56 (2)
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hypoglycaemiadid not find any reduction in hypo- and chronic morbidity and mortalitgost Ml in
glycaemic awarenes®! Similar findings have diabetic patient&?!
also been reported for atendtdl and metopro- Studies examining diabetic renal function have
lol,*9I which appears to enhance the peak responssuiggested thgi-blockers provide no renoprotec-
to adrenaline and growth hormone following thetive effect other than that of blood pressure reduc-
onset of hypoglycaemia. Further evidence alsdion. When enalapril was compared with meto-
suggests that hypoglycaemia-induced sweating igrolol, the latter was associated with a faster
enhanced by both selective and nonseledive decline in renal function over a 2.2-year period
blockers, which may counteract the effect on hearglespite similar blood pressure reduction in both
rate and blood pressulé] groupst®®! Comparison with nondihydropyridines

A recent retrospective cohort study in 13 559in an African-American population has reported a
elderly diabetic patients (mean age#8 years) 55% slower decline in renal function in patients
receiving either insulin or sulphonylureas has refandomised to verapamil or diltiazem compared
ported no differences in hospitalisation, emer-With B-blockers>!
gency room admissions or death associated with In summaryB;-selectiveP-blockers are indi-
hypoglycaemic symptoms between those who wer&ated in diabetic patients with ischaemic heart dis-
receiving antihypertensive therapy and those wh&ase who have no contraindications, but they do
were not. Nonselectiv@-blockers, however, were Notoffer any benefits in terms of improved glycae-
associated with a 2-fold increase in the risk of se/Mic control or renoprotection.
rious hypoglycaemic episodes in patients receiving
insulin therapy?°l

Both selective and nonselectiféeblockers in-
crease plasma triglyceride levels, and may als

2.2.3 Angiotensin Converting Emzyme Inhibitors
The original introduction of ACE inhibitors in
the diabetic population concentrated on their neu-

: oo . Rral effects on lipid and carbohydrate metabolism.
lower high density lipoprotein (HDL) cholesterol Early studies suggested that ACE inhibitors in

levels*] When prescribing these drugs, the prac-, .t increased insulin sensitivity, such that some
titioner must balance these effects against their pos atjents required a reduction in insulin dose or
tential cardioprotective role. . oral hypoglycaemic theragy/] Subsequent stud-
_ After myocardial infarction (MI), cardioselec- jes have demonstrated no significant improvement
tive B-blockers have been shown to reduce mortalin pjood glucose with these agents, possibly due to
ity in the general populatiof) Diabetic patients  the fact that while increasing insulin sensitivity
are particularly vulnerable to sudden death foIIow-»[hey also appear to reduce insulin leveds.
ing MI.52 A meta-analysis of studies Bfblocker These agents were then demonstrated to reduce
therapy after Ml indicate a 37% reduction in acuteproteinuria in type 1 diabetic patients with overt
mortality in diabetic patients compared with 13% nephropathy. A study examining 409 patients with
in nondiabetic individuals during the immediate type 1 diabetes mellitus over almost 3 years
postMI period. Following discharge, the differ- showed that captopril reduced the risk of the com-
ences in mortality between the 2 groups are simpjned end-points of death, dialysis and transplan-
ilar: 48 and 33%, respectiveli#! The observed im-  tation by 52% compared with the rates in individ-
provement in mortality in diabetic patients is uals who had equivalent blood pressure reduction
probably due to a combination of antiarrhythmic with other agents. This study also suggested that
and anti-ischaemic effects. the renoprotective effects of captopril were inde-
B-Blockers also adversely affect the lipid pro- pendent of blood pressure reduction alone. The
file, resulting in an increase in triglycerides and amechanism was thought to be a reduction in both
reduction in HDL cholesterol leveld. Despite intraglomerular pressure and voluff®.This re-
this, B-blockers have been proven to reduce acutesults in reduction of glomerulosclerosis, suggest-
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ing that ACE inhibitors may protect the injured kid- thiazide and metoprolol failed to show any benefi-

ney from haemodynamically mediated glomerularcial effect on albuminuria.

damagéd®d Longer term studies are clearly required to as-
In patients with incipient nephropathy, the ben-sess the long term effects of ACE inhibitor therapy

efits of ACE inhibitors do not appear to be limited on renal parameters in hypertensive and normo-

to the hypertensive population. Hallab ef®8l. tensive microalbuminuric individuals. It also re-

demonstrated that enalapril therapy for 1 year remains to be clarified at what stage ACE inhibitor

tarded the development of albuminuria in a grouptherapy should be introduced in order to give the

of normotensive type 1 diabetic patients, while best renoprotection.

equivalent blood pressure reduction with a thiazide

did not produce this effe€l Lisinopril has also Comparison with Other

been shown to reduce microalbuminuria in normo-  Antihypertensive Therapies

tensive patients with type 1 diabetes mellitus. After Two meta-analyses of ACE inhibitors in dia-
) ... . betic renal disease have confirmed that they are
18 months of therapy, patients treated with lisino-

oril showed a reduction in renal size and GFR Comsuperlor to other antihypertensives with respect to

) . ) attenuation of albuminurié86% One criticism is
pared with patients treated with placd®b. .
Captooril has been shown to have a similar ef_’[hat confounding factors such as blood pressure
ptoprit has been st . levels and the degree of nephropathy have not been
fect on albuminuria within a population of normo-

. . L ) fully taken into account. It has been suggested that,

3] A
tensive diabetic individual$? stu_dy which now if these factors are included, at maximal antihyper-
has 8 years of follow-up has confirmed that captoyggjye doses there may be no significant differ-

pril not only reduces urinary albumin excretion butence between the antiproteinuric effects of ACE

also postpones the development of overt proteinihibitors and those of other antihypertensive
uria over the period studied (40% in the placebodrugs[_7o1

group, compared with 10% in the captopril group,

developed overt nephropattif ally accepted that ACE inhibitors should be consid-
In contrast, the CoIIaborat!ve Study Group hasged for both type 1 and type 2 diabetic patients
shown that although captopril retarded the develyith microalbuminuria, irrespective of the pres-

opment of renal impairment in type 1 diabetes meluce of hypertensidit! This policy has economic
litus with overt proteinuria, a significant propor- ¢onsequences for prescribers, with the cost of ther-
tion of patients progressed despite ACE inhibitorapy offset by savings in hospital care due to pro-
therapy® Studies remain inconsistent, however: gressive nephropathy. The cost effectiveness of this
indapamide 3 mg/day has been shown to be as efrescribing policy has been assessed by Hendry et
fective as captopril 12.5mg 3 times daily in lower- g [10] modelling on data from the Diabetic Neph-
ing blood pressure and albuminuria over a 12-weekopathy Collaborative Study Group (DNCSG)
period!®®] A short follow-up may explain some of trial.I59 Comparing 2 cohorts of diabetic patients
the discrepancy between studies. with proteinuria, one treated with an ACE inhib-
In type 2 diabetes mellitus, hypertension is presitor and onenot treated, there was a cost benefit of
ent in up to 40% of patients at diagnosis, and oftemimost £1 million sterling over 4 years in the
precedes the development of microalbuminliffa. treated group. This is equivalent to a cost benefit
Lacourciere et df”l have reported that captopril of almost £1000 per patient, and to 195 life-years
prevented the development of albuminuria in asaved.
group of hypertensive microalbuminuric type 2 di-  There is naturally some concern regarding the
abetic patients over a 3-year study period. A sepawidespread use of ACE inhibitors, particularly in
rate arm of the study in which patients obtainedthe type 2 diabetes mellitus population, because of
corresponding reductions in blood pressure with ahe possibility of coexisting renal artery stenosis.

On the evidence currently available, it is gener-
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Renal artery stenosis does appear to be more corin particular, short-acting dihydropyridines such
mon in the diabetic population, with some epide-as nifedipine have been associated with an in-
miological studies suggesting that at least 20% otreased morbidity and mortality in selected patient
patients with this disease have type 2 diabetes megroups. Long term trials assessing the cardiovas-
litus.[’?l The use of ACE inhibitors in patients with cular effects of longer acting formulations are un-
refractory hypertension and diffuse atheroscleroticjer wayl’”! The Appropriate Blood Pressure Con-
disease should be preceded by investigations to exrol in NIDDM (ABCD) Trial recently reported a
clude significant renal artery stenosis. In the re-igher incidence of fatal and nonfatal Ml in hyper-
mainder of the hypertensive diabetic population tensive patients with type 2 diabetes mellitus tak-
ACE inhibitors can be introduced CaUtiOUSIy with |ng niso]dipine (a |Ong_acting d|hydropyr|d|ne)
monitoring of the serum creatinine within 7 to 10 compared with those treated with enalapril. Equiv-
days of starting therapy. alent blood pressure control was obtained in both
Silent Ml is particularly common in patients populations. Although a subgroup analysis, these
with diabetes mellitus, and the presence of left venpag yits are undergoing further scrutitfy.
tricular hypertrophy is known to be a significant  ag g class, calcium antagonists have been dem-
risk factor for Ml and arrhythmias. ACE inhibitors 5nstrated to have a neutral effect on both carbohy-
(along with calcium antagonists) are effective aty,ate and lipid metabolis#®l while verapamil has
_reducing left ver_ltricular hyper_trophy, thus improv- been reported to improve glucose tolerafi®e.
ing the overall risk factor profilé?! Thus, calcium antagonists are of potential benefit
Combined Therapy with ACE ?n h_ypertensivg diabetic pat_ients. Along vyith ACE
Inhibitors and Thiazides inhibitors, calcium antagonists are effective at re-
The synergistic action of thiazides with ACE ducing left ventricular hypertrophy, a significant
inhibitors remains to be fully characterised in dia-risk factor for myocardial infarctiot?!
betic patients, but it is likely that combined therapy  Although dihydropyridines are efficacious anti-
will have a beneficial effect on both blood pressurehypertensive agents, they appear to have distinct

and progression of renal disedSe. effects on the diabetic kidney compared with non-
_ _ _ dihydropyridines. While some studies demonstrat-
2.2.4 Angiotensin Il Antagonists ed a short term reduction in proteinuria with di-

The angiotensin Il antagonists have been ShowRy 44y ridines, longer term follow-up failed to
to be as efficacious as ACE inhibitors at lowering .o firm a sustained effelt]

blood pressur€? Studies in diabetic rats have : : -
By comparison, nondihydropyridines have been
shown a beneficial effect on diabetic renal disease y P yaropy

and studies in human diabetic individuals areshown to reduce proteinuria: a 2-year randomised,
awaited with intered7S! A recent study has com- prospective study of patients with type 2 diabetes

) ._mellitus and proteinuria demonstrated a clear re-
pared the effect of losartan or metoprolol on insulin o L -
T . . duction in proteinuria with diltiazem compared
sensitivity, insulin secretion, glucose tolerance,

e i S . ; . with nifedipine. This difference persisted at 2
lipids and lipoproteins in 20 hyperinsulinaemic hy- earslll Eurther studies have confirmed a differ-
pertensive patients. While losartan achieved agreatgr .b ¢ dihvd idi d dihvd
fall in blood pressure, neither drug resulted in anyenge_ etween dihydropyridines and hondinyaro-
ridinesBl although it appears that some of the

alteration of the measured parameters, suggesti ting dihvd i Iso h
that losartan, like metoprolol, is metabolically neu- nger-acting dihydropyridines may also have a

tral [76] renoprotective effed®? As with ACE inhibitor
' therapy, further long term studies are awaited with
2.2.5 Calcium Antagonists interest.

The role of calcium antagonists in patients with  Both verapamil and diltiazem have been shown
ischaemic heart disease is currently under scrutinyto reduce proteinuria to a similar extent to ACE
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inhibitors (Bakris et alll and see table 1), and also may also retard renal growth, and may also atten-
to markedly slow development of glomeruloscle-uate mesangial entrapment of macromolecules and
rosis in animal models of type 1 diabetes mellifus. attenuate the mitogenic effect of diverse growth
In diabetic individuals, nondihydropyridines have factors(®4 Thus, dihydropyridines may have a ben-
been associated with a reduction in proteinuria aneficial effect related to reduction of mesangial pro-
slowed progression of microalbuminu#l. liferation which is independent of their lack of anti-
Despite the clear advantages of long-acting nonproteinuric effectél! Studies in animal models
dihydropyridines over the short-acting dihydro- have confirmed that nondihydropyridines have a
pyridines, there are very few studies looking atpeneficial effect on renal morphology which is in-
the long term effects of the longer-acting dihydro-gependent of blood pressure reduction. Spontane-
pyridines. A recent 1-year, randomised, double-yys|y hypertensive rats given either nonhypotens-
blind study in hypertensive type 1 diabetic patients,e goses of verapamil or ACE inhibitor, or a
with diabetic nephropathy showed a better attenugompination of the 2 drugs, showed an attenuation
ation of the rate of decline in GFR in patients 4t mesangial matrix expansion and prevention of
treated with nisoldipine (a long-acting dihydro- g;omerulosclerosis. This was true for both prepa-

pyridine) than with an ACE inhibitor, although al- 44ions and was independent of blood pressure re-
b.“',“'”““a was reduged (by 47%) in the AQE 'N" Juction!®s! Similar findings have been noted with
hibitor group, and increased (by 11%) in thediltiazem in diabetic dog€®!

dihydropyridine groug® The mean 24-hour arte- )

ol blood during this stud | N There is still a paucity of long term, randomised,
raj blood pressure auring this study was aimost,,iro|ied trials assessing the long term effects of
identical in both treatment groups, at 103 £8)

and 101 (SDt 11) mm Hg, respectively. These nondihydropyridines on microalbuminuria and es-

results appear to suggest that both drugs may btéelbhshed diabetic nephropathy. The use of hard end-

. . . . pointsother than microalbuminuria will also need
working by different renoprotective mechanisms. : . . .
to be considered (e.g. time to dialysis/renal trans-
Further long term follow-up to assess the progres-

sion of disease in both patient groups is clearly in_plant, mortality or progression of renal structural

. . (62]
dicated. lesions)t

In contrast to results with nondihydropyridines, h clj:)esplt_z_the gonce;ps explressed regarqmg d'f'
in patients with type 2 diabetes mellitus, protein- ydropyridines, Immediate release preparations o

uria, hypertension and renal impairment, Compari_nondihydropyridines do not appear to have the ad-

son of 2 different dihydropyridine calcium antago- V€'S€ prgischaemic effects re'ported with the .ot'her
nists [isradipine and nifedipine sustained-releasé)rep"?‘rat'f)”g?] A meta-analysis of the large clini-
(XL)] with achievement of equivalent blood pres- cal trials in postmyocardial infarction patients has
sure reduction (<140/90mm Hg) over 6 monthsShown that these agents moderately reduce the risk
showed no reduction in albuminuria with either Of reinfarction and that the mortality effect is
drug/84 largely neutral. However, patients with left ventric-
Why should there be a difference in the effect ofular dysfunction randomised to either verapamilor
nondihydropyridines and dihydropyridines on the diltiazem experienced an increased risk of mortal-
kidney? It has been demonstrated that increaseidy, reinfarction or new or worsening congestive
renal vascular resistance is an underlying renaheart failuré®l In elderly hypertensive individu-
haemodynamic abnormality in diabetic nephrop-als, both verapamil and diltiazem have been asso-
athy. Dihydropyridines act on both afferent and ef-ciated with a 2- to 3-fold increase in the risk of
ferent arterioles, and thus do not alter glomerulahospitalisation due to congestive heart failure, and
membrane permeability. By contrast, nondihydro-a doubling in the risk of gastrointestinal bleed-
pyridines may reduce permeabili#§! Both groups  ing.[88] Thus, these agents should be used with cau-
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tion in diabetic individuals who have impaired left that their role has been reserved for patients with

ventricular function. blood pressure which is very difficult to contf8l.
Additive Effects of ACE Inhibitors 2.2.7 a-Adrenoceptor Antagonists o
and Calcium Antagonists a-Blockers are recognised to improve insulin

Both calcium antagonists and ACE inhibitors sensitivity and have a neutral or mildly beneficial
have a similar effect on mean arterial blood preseffect on the lipid profile. This is recognised to
sure, while ACE inhibitors have a greater benefi-result in improved glycaemic control in insulin-re-
cial effect on albuminuri&! The beneficial effect sistant hypertensive patief?8l. These drugs have
on GFR is the same for both classes of drugs. /Also been noted to have a favourable effect on lipid
recent 5-year, randomised, open study in hyperterprofiles, reducing total cholesterol level by 5 to 8%
sive type 2 patients with diabetic nephropathyand triglyceride level by 3 to 5%, and increasing
has revealed the same beneficial effects of nonlevels of HDL cholesterd?!l a-Antagonists there-
dihydropyridine calcium antagonists and ACE in- fore attenuate the effect of HMGCoA reductase in-
hibition on the progression of diabetic nephropa-hibitors, which may result in a reduction of dose of
thy. By comparison, use of a sympatholytic drugthe lattef92]
such as guanfacine resulted in a doubling of serum The effect ofa-blockers on the diabetic kidney
creatinine level in more than 50% of patients, com-has not been fully elucidated. A number of small,
pared less than 10% in the other gr&dp. short term studies failed to show any reduction in

Most studies comparing the 2 preparations haveither proteinuria or microalbuminuria, despite a
been of short duration, and have looked at surrosatisfactory reduction in blood presst#Animal
gate end-points rather than principal end-pointsstudies have also failed to demonstrate any slowing
such as development of dialysis/renal transplantof early nephropathic changes with doxazd¥h,
all-cause mortality or progression of renal struc-in contrast to studies with ACE inhibitdf8! Long
tural lesions. term studies are still awaited.

There is as yet no definite answer as to whether Thus, althougha-blockers do not appear to
ACE inhibitors and calcium antagonists have anhave a beneficial effect on diabetic renal disease,

additive effect on proteinuria. However, prelimi- they have a useful role in patients who have hyper-
nary data from both animal and clinical studiestension which is difficult to control with other ther-
suggest that combined nondihydropyridine andapies®

ACE inhibitor therapy produces an additional fall

in proteinuria and has a more favourable adverse 3. The Future: Tailoring

effect profile than observed with either drug Individual Drug Therapy

alonel®! Long term studies of combined therapy |t \yas hoped that the development of anti-
with ACE inhibitors and calcium antagonists are giapetic drugs such as troglitazone, which improve
still awaited, but combination therapy may be uséjngjin sensitivity and also appear to have a favour-
ful in diabetic patients with renal insufficiency and ;e effect on blood pressure, would have a bene-
blood pressure which is difficult to control. ficial long term effect on morbidity and mortality
within the diabetic populatiol§® The subsequent
withdrawal of troglitazone from several markets
Moxonidine and Methyldopa due to adverse hepatic reactions has obviously
While a-blockers are metabolically neutral, been disappointing§?!
they have not been widely investigated in diabetic As thresholds for definition of hypertension
patients. There is a paucity of studies assessinghange, more patients will be required to be com-
their effect on the progression of renal disease. Thenenced on antihypertensive therapy. Targets for
relatively high frequency of adverse effects meangreatment are also changing as more evidence from

2.2.6 Centrally Acting a,-Receptor Agonists
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studies examining morbidity and mortality become 7
available. Increased awareness and prevention of g
cardiovascular sequelae of diabetes mellitus are re-
sulting in reduction in morbidity and mortality

from ischaemic heart disease. Thus, patients are

surviving long enough to develop significant ne- 10.

phropathy, and therapy has to bear this in mind. The
proven benefits of-blockade an diuretics in pre-

vention of stroke and reduction in myocardial in- 11.

farction in hypertensive diabetic patients will have
to be weighed against the evidence from studies

suggesting a beneficial role for ACE inhibitors and 13.

calcium antagonists in slowing progression of ne-
phropathy. Whether these agents are of more ben-

efit than diuretics in type Il diabetes mellitus re- 14.

mains to be clarified.
As more information from long term trials for
calcium antagonists, ACE inhibitors and angio-

1

gain further insight into the genetic and pathophys-

iological processes determining the developmentl?:

of diabetes mellitus and its micro- and macrovascu-

lar complications, it is likely that antihypertensive 1s.

therapy will become increasingly tailored to the

risk profile of an individual patient. The point at g

which ACE inhibitor therapy should be introduced
in patients with incipient nephropathy needs to be

fully clarified, as does the exact role of calcium g

antagonists in a population at high risk of isch-
aemic heart disease. It is hoped that studies under;,
way will address these issues.
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