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Importance of hypertension

Hypertension appears to be critically important in
diabetes mellitus, not only because of its increased
prevalence, but also because it accelerates both the
macrovascular and the microvascular complica-
tions of diabetes. Macrovascular disease, mani-
fested as coronary heart disease (CHD), peripheral
vascular disease and cerebrovascular disease, is the
major cause ofmorbidity in non-insulin-dependent
diabetes mellitus (NIDDM) and accounts for
49-75% of the mortality in these patients.' While
most diabetic complications occur in association
with hypertension,2'3 the absence of hypertension is
the usual finding in the long term survivors of
diabetes.4

Macrovascular disease

As the control of hyperglycaemia alone in diabetes
has not reduced the incidence of macrovascular
disease,2 other risk factors, including hypertension,
may be the important determinants of long term
outcome in these patients. From the 18 year
follow-up in the Framingham study, diabetic sub-
jects with modest elevations of blood pressure (BP)
(systolic BP of 150 mmHg) had an increased risk of
cardiovascular disease compared to subjects with-
out glucose intolerance.5

Evidence from across populations has identified
hypertension, after age, to be the most significant
risk factor for CHD in the diabetic subject,3'6 an
association confirmed by several prospective
studies.79 Peripheral vascular disease incidence is
greatly increased in diabetes, with hypertension
again being an associated factor.'0

Stroke occurs 2-6 times more frequently in the
diabetic compared to the non-diabetic patient, with
a doubling of the frequency in the hypertensive
compared to the normotensive diabetic popula-
tion." In contrast to the general population, there
are no completed long term randomized control

trials assessing the effects of blood pressure reduc-
tion on cardiovascular disease in a diabetic popula-
tion.

Micro vascular disease

Hypertension is not only an important risk factor
for macrovascular, but also for the microvascular
complication ofdiabetes. Retinopathy rates double
when the systolic BP exceeds 145 mmHg.'2
Nephropathy progresses with increasing levels of
arterial pressure.'3 The risk of nephropathy in-
creases three-fold when there is a family history of
hypertension.'4 The presence of proteinuria in the
diabetic is associated with increased rates ofcardio-
vascular morbidity and mortality.'5 Persistent
(Albustix negative) microalbuminuria may herald
the onset of nephropathy in about one quarter of
subjects with NIDDM and a greater number with
insulin dependent diabetes mellitus.'5" 6 Of import-
ance is the increase in blood pressure, although not
in a conventional 'hypertensive' range.'6 Microal-
buminuria, in combination with marginally ele-
vated BP, and a decreased creatinine clearance are
major predictors ofdiabetic nephropathy and early
mortality.'5"16
While persistent microalbuminuria may last 15

years or more before overt nephropathy develops, 15
factors other than strict glycaemic control may also
determine outcome.'4 These include the level of
BP,'5"16 genetic tendency of hypertension,'4 dietary
protein intake'7 and racial susceptibility.'8 Once
persistent proteinuria develops, BP rather than the
adequacy of glycaemic control is the major deter-
minant of the time interval before onset of both
renal failure and proliferative retinopathy.'9 In this
situation diastolic BP is usually sustained at a level
above 90 mmHg.'5"16 It is of interest to note that
elevated albumin excretion rates are also a feature
of essential hypertension in a non-diabetic popula-
tion, but usually at higher levels of BP.20

Overall mortality

Co-existent hypertension and NIDDM is associated
with 4-5 times the all cause mortality rate of
subjects without both conditions."22'-24 EvidenceCorrespondence: M.D. Feher, M.B., B.S., M.R.C.P.
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HYPERTENSION IN NIDDM 939

of an increased risk of death from CHD in
hypertensive compared to normotensive subjects
with NIDDM can be seen in cohort and insurance
studies21-23 and in the study of 371 diabetic subjects
by Dupree and Meyer.24 In the Bedford Study, after
adjustment for other factors such as age and
obesity, hypertension was a significant predictor of
CHD mortality at 10 years in subjects with
impaired glucose tolerance.25 In the Whitehall
Study, hypertension had a more consistent rela-
tionship to CHD mortality than did cholesterol,
obesity or cigarette smoking.9

Prevalence of hypertension in non-insulin dependent
diabetes mellitus

Several studies have attempted to assess the
prevalence of hypertension in patients with
diabetes mellitus compared with non-diabetic sub-
jects. However, methodological problems have
often made the interpretation ofthese difficult. The
older studies suffered from poor experimental
design or lack of appropriate controls, while con-
founding variables such as age, degree of obesity,
racial group, presence or absence of nephropathy,
type of diabetes and treatment were not defined in
the analysis. Importantly, the methods for obtain-
ing BP measurements were not uniform among the
studies; these should have included appropriate
cuff size for increased arm girth and uniformity of
observer for comparisons between groups. Unlike
insulin dependent diabetes mellitus (IDDM) where
the relationship between diabetes and hypertension
indicates the existence of established nephropathy,
the prevalence and aetiology of hypertension in
NIDDM has been more difficult to clearly charac-
terize.26
While not all studies have shown an association

between hypertension and diabetes,27 the balance
of the evidence points to a greater than chance
association.283' Pell and D'Alonzo found 54%
greater prevalence of hypertension in diabetic
patients than in an age-, sex- and weight-matched
control population.28 An elevation ofBP in diabetic
patients compared with non-diabetic control sub-
jects has also been shown in the males and females
of the Framingham study29 and also in elderly
women.0 While both sexes had an increase in
arterial pressure in the Framingham study with a
higher level in the females, this was reported
without adjustment for obesity.29 By contrast, in
the Bedford Survey25 and the Whitehall Study of
London male civil servants,9 systolic BP was higher
in newly diagnosed and borderline, but not pre-
viously diagnosed, diabetic subjects. The recent
Diabetes Intervention Study has also confirmed an
excess of hypertension in newly diagnosed
NIDDM.'

Confirmation of a true association of hyperten-
sion and diabetes is supported by observations
made in differing populations. In a report from
India the prevalence of hypertension in 1662
diabetic subjects was over three times greater than
that of age- and sex-matched non-diabetic con-
trols;3' obesity, however, was more common in the
hypertensive compared to the normotensive
diabetic subjects. Similar hypertension rates in the
USA were shown for diabetic patients aged 20-44
years,32 but in those over 65 years the rate was only
approximately 50 % increased.

Further information on the frequency of
hypertension in several diabetic populations has
come from the World Health Organization Multi-
national Study of Vascular Disease in Diabetics,3
where 34% were hypertensive or on antihyperten-
sive therapy, the proportion being greater for
women (36%) than men (31%). The highest fre-
quencies of hypertension occurred in Moscow and
Berlin for men and Arizona for women. These
differences were not related to variations in degree
ofobesity among the centres. More recently a study
from the UK33 has shown that up to 40% of the
males and 53% of the females had hypertension by
the WHO criteria ofhaving BP > 160/95 mmHg or
were receiving hypotensive therapy. Additional
studies from the United States have shown the
hypertensive prevalence was 56.8% for women and
33.9% for men with an overall crude prevalence of
42%.34 The population based study of diabetic
retinopathy by Klein35 showed that hypertension
was present in 21.9% of the younger (IDDM) and
58.1% of the older (NIDDM) diabetic subjects. In
East Finland, where there is a high overall rate of
atherosclerotic vascular disease, nearly two thirds
of the population were either previously treated for
hypertension or had a BP > 160/95 mmHg. In the
diabetics 60.6% of males and 64.1% of females
were hypertensive, while for the non-diabetic age-
matched controls the respective figures were 31.5%
and 42.0%. Racial groups differ in overall
prevalence of hypertension; greater frequencies
being observed in black compared to white
patients.37
The patient with NIDDM, in contrast to IDDM,

is frequently hypertensive at diagnosis. Nearly one
third of subjects with NIDDM are hypertensive at
the time of diagnosis of their diabetes.6'22'28'30 The
increase in BP is correlated with the increased
prevalence of obesity and the advanced age that is
characteristic of these patients.26 This trend in
hypertension is, however, also seen in studies which
have been adjusted for these variables.30 Approx-
imately 60% of NIDDM patients more than 60
years old, are hypertensive compared to 25-30%
of the non-diabetic population.38 In older subjects
and women the hypertension is often characterized
by elevations of systolic rather than diastolic BP.30
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With consideration to some of the described
methodological problems in defining the study
populations and ascertaining blood pressure
measurements, there appears to be evidence for an
increased frequency of hypertension in NIDDM;
with an overall prevalence rate of 1.5-2 compared
to a non-diabetic population. In general, hyperten-
sion is commonly seen in association with
NIDDM, occurring with a frequency of between
30-58% within the diabetic population.

Pathophysiological features of diabetic
hypertension

The majority ofhypertensive diabetic subjects have
'diabetic hypertension' or essential hypertension as
opposed to hypertension of a definable secondary
(renal or endocrine) cause. A possible explanation
for the association of hypertension and diabetes is
that similar genetic and/or environmental factors
predispose to each condition. An inherited link has
been demonstrated in several studies.16,3940

In contrast to IDDM, where the natural history
of diabetic nephropathy and the contribution of
impaired renal function to the development of
raised arterial pressure is well characterized, the
hypertension in NIDDM is not so well defined.
Obesity, common in NIDDM, may play an impor-
tant pathogenic role.26 However, elevations in BP
have been observed in the absence of this factor.'

In both experimental and clinical studies com-
paring (normotensive and hypertensive) diabetic
subjects as well as non-diabetic controls, several
factors have been highlighted of possible import-
ance in the pathogenesis of diabetic hypertension.

Extracellularfluid volume expansion

This may be a consequence of a combination of
factors. Exchangeable sodium is increased by 10%
in hypertensive compared to normotensive diabetic
subjects.4' Plasma volume may be higher than
normal even in the absence of hyperglycaemia.42
Urinary sodium excretion is impaired due to the
tubular effects of insulin,43 exaggerated atrial nat-
riuretic peptide (ANP) responses' or decreased
release of natriuretic factors.45 Further evidence for
an insulin effect on sodium retention comes from
the observation that a natriuresis occurs when
excessive insulin dosages are reduced.'

Diabetic nephropathy may play a part in ext-
racellular fluid volume expansion. Urinary
albumin excretion is increased with higher BP but
the rate of deterioration of renal function tends to
be slower in NIDDM, than in IDDM.47

Increased totalperipheral resistance

This may be due to a number of factors. There is
evidence of altered vascular sensitivity to
catecholamines"' and angiotensin IL` These effects
may also predispose to the development of nephro-
pathy independent of an effect on BP.50 Insulin has
been shown to stimulate sympathetic activity5
thereby promoting an increase in vascular tone.

Increased blood viscosity, including fibrinogen5'
and decreased arterial compliance either as a
consequence of glycation of proteins or athero-
sclerosis,51'52 may lead to a loss of elastic com-
pliance and be a mechanism of isolated systolic
hypertension in NIDDM.

Further factors contributing to the altered peri-
pheral resistance include the decreased barorecep-
tor response to increases in BP53 and an effect of
insulin on vascular tone. Insulin resistance may
result in impaired calmodulin-dependent Ca"+
ATPase producing increased intracellular calcium
leading to increased vascular resistance.54
The role ofinsulin in the pathogenesis ofdiabetic

hypertension may also be linked to long term
complications due to the association of insulin
insensitivity with the development of NIDDM55
and hypertension56 and between hyperinsulinaemia
and atherogenic factors, including hypertension."

The importance ofother risk factors in the
management of diabetic hypertension

In the management of diabetic hypertension two
issues merit special consideration. Firstly, the in-
creased risk of vascular complications in diabetic
hypertensives may be accounted for by the cluster-
ing of atherogenic risk factors that are commonly
seen in subjects with glucose tolerance.57 Many of
these factors are aetiologically linked with hyper-
tension and, when present in combination with
hypertension, have a multiplicative effect on subse-
quent risk ofcardiovascular disease58 (see also Bain
and Dodson - this issue, pp. 922-927).

Secondly, as the incidence of macrovascular
disease in the diabetic has not been decreased by the
control of the hyperglycaemia alone,2 other risk
factors, including hypertension, may be the key
determinants of the long term outcome in these
patients. Abnormalities in serum lipids and lipo-
proteins in diabetes mellitus have been considered
in other papers in this symposium (see Winocour -
this issue, pp. 917-921, Merrin & Elkeles,
pp. 931-937; Durrington pp. 947-952). MacFar-
lane has also discussed the importance of smoking
in diabetes (this issue, pp. 923-930).

Both the alterations in lipids581- and the
presence of tobacco, while contributing to vascular
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HYPERTENSION IN NIDDM 941

complications, may also be important variables
influencing choice of therapy in the diabetic
hypertensive.

Obesity

Obesity is linked to the development of hyperten-
sion59 and to changes in lipid metabolism, glucose
tolerance and the development of NIDDM.55 It is
also associated with worsening of insulin sensi-
tivity' and with adverse changes in both athero-
genic and thrombogenic factors.61'62 The effect of
weight reduction on cardiovascular disease risk
may be mediated through an improvement in these
associated metabolic changes and including BP.
Beta-blocker anti-hypertensive therapy, as well as
precipitating diabetes, has been associated with
weight gain in some individuals,61 which militates
against its widespread use in the diabetic hyperten-
sive.

Fibrinogen

Elevated fibrinogen in the non-diabetic population
has been shown to be an independent risk factor for
stroke6' and coronary heart disease.6' 64 This
fibrinogen-related risk of macrovascular disease is
further exaggerated when there is associated
hypertension.' Only a few studies in diabetic
subjects have described an association of
fibrinogen with microvascular65 as well as macro-
vascular complications.6566
The pathophysiological significance of fibrino-

gen is related to its involvement in fibrin deposi-
tion, platelet aggregation and adhesion and blood
viscosity.67 Blood viscosity is also an important
determinant of total peripheral resistance and thus
ofblood pressure.6'69 Increased blood viscosity has
also been observed in diabetes, 65 obesity and smok-
ing 62,67

With the strong association of fibrinogen with
vascular disease, the raised fibrinogen and
associated rheological changes in the diabetic
hypertensive could facilitate arterial wall
atheroma.67 The increased blood viscosity may also
be the critical determinant of blood flow in a vessel
previously narrowed by atheroma. Treatment of
hypertension may not eliminate fibrinogen-
dependent processes, as the changes in fibrinogen
and viscosity with adrenergic blocker therapy are
independent of dose and duration of the pharma-
cological agent used.' A recent study in treated
hypertensive subjects with NIDDM demonstrated
that, despite effective blood pressure control,
fibrinogen concentrations and blood viscosity were
increased compared to a normotensive control
group.5'

Proteinuria

Proteinuria is another risk factor for vascular
disease, and is associated with elevated blood
pressure, raised fibrinogen, abnormal lipid
metabolism, as well as being a marker of nephro-
pathy. Reduction in protein (albumin) excretion
and delayed deterioration in renal function, due to
a lowering of blood pressure has been demon-
strated with most groups of antihypertensive
drugs.70'7' More recent data have shown that this
reduction in albumin excretion independent of BP
change can be achieved with angiotensin convert-
ing enzyme (ACE) inhibitors and calcium channel
blockers.7' On the basis of current evidence there
appears to be no clear benefit of selecting only ACE
inhibitors over other antihypertensive drug groups
in order to lower BP in diabetes.

Left ventricular hypertrophy

Left ventricular hypertrophy (LVH), a common
accompaniment of raised arterial pressure, has
been shown in the general population to be a more
powerful cardiovascular risk factor than hyperten-
sion itself.72 A reduction of LVH with the use of
ACE inhibitors, alpha-blockers and calcium chan-
nel blockers has been shown in short term studies in
non-diabetic subjects.73 In the diabetic patient with
hypertension, the cardiac effects of hypertension
may be difficult to distinguish from a diabetic
cardiomyopathy as both conditions may be
associated with isolated diastolic left ventricular
dysfunction.74 Further studies in diabetic groups
are needed to examine the relationship between
antihypertensive therapy, LVH and long term
complications.

Metabolic effects of antihypertensive drugs:
implications for the treatment of diabetic
hypertension

Glucose homeostasis

The effects of antihypertensive drug therapy on
glucose homeostasis have been demonstrated in
both laboratory and clinical studies (Table I). Case
finding in primary care demonstrated that in
subjects treated for both hypertension and
diabetes, it was more common for a hypertensive
subject to develop diabetes than for a diabetic
subject to become hypertensive.75 Several short
term clinical trials have shown a worsening of
glucose tolerance with thiazide diuretics and beta-
blockers.7579 Prospective studies have confirmed
these observations. Murphy reported a 14 year
follow-up of 34 hypertensive subjects treated with
thiazide antihypertensive therapy.77 An increased
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Table I Potential sites of action of antihypertensive
drugs on glucose metabolism

ACE inhibitors: Bradykinin accumulating enhancing
peripheral insulin sensitivity

Alpha-blockers: ?
(only alpha2 adreno-receptors inhibit

insulin release)

Beta blockers : Diminished insulin secretion due to
beta-blockade

Unopposed alpha-inhibition of
insulin secretion

Variable alterations in glycogen and
somatostatin secretion

Calcium channel blockers
(Pharmacological doses)

Inhibit intracellular calcium influx
(decrease insulin release)

Interindividual variation in
susceptibility to diabetogenic
effects

(Therapeutic doses)
No overall effect on glycaemic control

Diuretics Direct inhibition of insulin release
Hypokalaemia
Enhanced catecholamine secretion
Enhanced catecholamine effect and

phosphodiesterase inhibition
Diminished intracellular transport of

glucose

In hypoglycaemia:-
Beta blockers : An effect of non-selective

beta-blockade on adrenoreceptors
and catecholamine responses.

incidence of diabetes was reported in hypertensive
subjects compared to controls treated with cardio-
selective beta-blocker therapy over 9 years.78 While
the effects on glucose homeostasis from these
studies were small, evidence from the Whitehall
Study indicates that such an effect, if continued,
could have an adverse effect on cardiovascular
risk.9
The use of beta-blocker therapy has induced

variable alterations in glucose tolerance.7980 This
may reflect the fact that the adrenergic nervous
system affects glucose regulation at several
physiological sites.80'8 A recent report has shown
glucose disposal (insulin resistance) to be the main
mechanism influencing long term alterations in
glucose tolerance in subjects treated with Pl-
adrenergic blocking drugs.78

In vitro studies have shown that alpha2-
adrenoreceptors inhibit the insulin response.80
However, in clinical trials with alpha-blocker
antihypertensive therapy no major effect on

glycaemic control has been documented.82-84 In
studies using the hyperinsulinaemic euglycaemic
clamp technique, the a,-blocker, prazosin, improv-
ed insulin sensitivity.83 In a recent study in non-
insulin dependent diabetic hypertensive subjects,
the use of the alpha,-blocker, doxazosin, was
associated with a trend towards improving gly-
caemic control, while there was a significant deter-
ioration with the cardio-selective beta-blocker,
atenolol.'

In therapeutic doses ACE inhibitors and calcium
channel blockers have no adverse effect on glucose
homeostasis, but, by contrast, calcium channel
blockers in pharmacological doses impair glucose
tolerance.76

Effects on serum lipids and lipoproteins

The currently used groups of antihypertensive
drugs, which include diuretics, alpha- and beta-
adrenergic blockers, centrally acting drugs,
vasodilators, calcium antagonists and ACE
inhibitors, differ in their effect on the lipid profile.
These drugs exert separate influences on sites of
production, secretion and catabolism of lipo-
proteins.85 The adverse effects on serum
cholesterol, triglyceride and lipoproteins with
diuretic antihypertensive therapy are well
documented.85 Alpha-blockers have been shown to
reduce total- and LDL- cholesterol and serum
triglyceride and to increase HDL- cholesterol,84
while beta-blockers appear to have the opposite
effect, predominantly increasing the serum tri-
glyceride and reducing total HDL and HDL2-
cholesterol.85-87 This atherogenic lipid profile may
correct rapidly on withdrawal of beta-blocker
therapy.87 Studies with calcium antagonists and
angiotensin-converting enzyme inhibitors have
shown no adverse effects on the lipid profile.85

Epidemiological findings have highlighted that
an abnormal lipid profile is more common in
untreated and treated hypertensives compared to a
normotensive population.88 It would therefore be
prudent, in order to reduce risk of cardiovascular
disease, that these risk factors are considered
together with the treament choices for diabetic
hypertension.

What level of blood pressure should be treated?

According to the WHO technical report,89
'hypertension' is defined when the diastolic BP
exceeds 95 mmHg and/or the systolic BP is greater
than 160 mmHg. Borderline hypertension is con-
sidered to be a systolic BP exceeding 140 (141-159)
mmHg and a diastolic BP greater than 90 (91-94)
mmHg. The diagnosis is made after three separate
consistent readings of an elevated BP are recorded.
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HYPERTENSION IN NIDDM 943

To use these criteria in order to initiate treatment
for the diabetic hypertensive subject is, at present,
not clearly established. However, the British
Hypertension Society" recommends that a diasto-
lic BP 100 mmHg or more, recorded repeatedly
over 3 months, in a subject below the age of 80
years is an indication for drug treatment. It is of
interest to note that the Working Party on Hyper-
tension in Diabetes in the USA has recommended
140/90 mmHg to be the intervention threshold for
diabetic hypertension.9'
There is now considerable evidence that hyper-

tension increases the absolute risk ofcomplications
for the diabetic subject. However, there are few
data on the reduction of this risk as a consequence
of treatment. Evidence for a 'lower threshold' at
which to treat diabetic hypertension compared to
non-diabetic hypertension is inferred from several
observations in subjects with diabetes and hyper-
tension, particularly the overall increased mortality
and rates of vascular complications as well as the
synergistic effects of diabetes mellitus in combina-
tion with other risk factors on cardiovascular
disease incidence.
From long term follow up studies such as the

Framingham 18 year follow-up,5 cardiovascular
events in subjects with glucose intolerance occur-
red92 at a lower level of diastolic blood pressure
compared to non-diabetic subjects. When persis-
tent proteinuria occurs, diastolic BP is usually
sustained at more than 90 mmHg. A reduction in
systemic arterial pressure retards the development
of renal failure and reduces proteinuria.

Therapeutic considerations

The potential benefits of treatment for the diabetic
hypertensive should be to reduce overall mortality,
prevent cardiovascular disease and retard the pro-
gression of renal and retinal disease.

Hypertension, as discussed here and elsewhere in
this symposium, is linked with several cardiovas-
cular risk factors, including alterations in lipo-
proteins and the glucose-insulin axis as well as
vascular changes in the form of left ventricular
hypertrophy and decreased compliance in peri-
pheral arteries. Contemporary practice, therefore,
should not only be directed to lower BP but also
take these issues into account.
The use of an appropriate cuff size in the

measurement ofBP is ofcritical importance for the
diagnosis ofhypertension asmany diabetic subjects
have an increased arm circumference due to
obesity. Consideration should also be given to
associated problems common to diabetic subjects
such as; premature and/or occult coronary artery
disease or peripheral vascular disease, retinopathy,
peripheral and autonomic neuropathy.

Quality of life in the diabetic hypertensive has
not been widely studied. The high frequency of
sexual dysfunction in the diabetic male should
highlight the potential contribution of anti-
hypertensive drug therapy, in particular the
thiazide diuretics and beta-blockers.799'
To date there are no completed prospective

randomized controlled trials assessing outcome of
antihypertensive therapy in diabetic subjects.
Decisions regarding antihypertensive therapy for
the diabetic subject are often made by extrapola-
tion from studies in the non-diabetic. Furthermore,
little is known about the contribution of therapy to
the severity and frequency of hypertension in the
diabetic population. Therefore, antihypertensive
therapy should take into consideration the meta-
bolic and associated features ofNIDDM as well as
other risk factors in order to reduce complications
associated with hypertension.

Non-drug therapy

Non-drug treatments of a weight-reducing diet for
obesity-related hypertension and low dietary salt
confer benefit.92 However, the optimal dietary
recommendations for hypertensive diabetic subject
remain to be clarified, as there is evidence that
current recommendations may worsen insulin
resistance and atherogenic lipid profile.93

Table II Some non-lipid effects of antihypertensive
therapy important for the diabetic subject

ACE inhibitors :
first-dose effect
hyperkalaemia
worsening renal function (in renal artery

stenosis)
proteinuria (in high doses)
cough

Alpha-blockers:
first-dose effect

Beta-blockers:
decrease in insulin sensitivity
attenuation of hypoglycaemic symptoms
worsening of peripheral vascular disease
impotence
weight gain

Calcium channel blockers
flushing
headache
ankle swelling

Centrally acting drugs:
impotence

Diuretics:
decrease insulin secretion ± sensitivity
impotence
hyperuricaemia
electrolyte disturbances
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Drug therapy

Due to the high frequency of hypertension in
NIDDM, drug therapy is often needed. In the
assessment ofpharmacological therapy many com-
pounds appear to have disadvantages for diabetic
subjects due to their action on the glucose-insulin
axis, lipid metabolism and general side-effect
profile discussed previously.
To date there is little evidence that, in the

treatment of hypertension of diabetes, a 'stepped-
care' approach (i.e. additional treatment) should be
favoured. If small doses below therapeutic poten-
tial produce partial control of BP without side
effects, then there is good cause for increasing only
the single drug. Furthermore, many side effects of

antihypertensive drugs are dose independent and
occur in the absence of alterations in blood pres-
sure.' It would therefore seem appropriate for the
initial treatment to be with a single drug. An
additional or second drug may reduce compliance
in a subject who is often already on drug treatment
for glucose control. The current wide selection of
drugs should allow for individualization of the
choice. Anti-hypertensive drugs with either neutral
or beneficial effects on glucose homeostasis and
lipid metabolism should be favoured; these include
ACE inhibitors, alpha-blockers or calcium channel
blockers. The use of diuretics and beta-blockers in
first line drug therapy should therefore be limited
(Table II). Only in poorly controlled hypertension
should combination drug therapy be instituted.
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