
How High Should an ACE Inhibitor or 
Angiotensin Receptor Blocker Be Dosed 
in Patients with Diabetic Nephropathy?
Marc S. Weinberg, MD, Nicholas Kaperonis, MD, and George L. Bakris, MD*

Address
*Hypertension Clinical Research Center, Rush-Presbyterian-St. Luke’s 
Medical Center, 1700 W. Van Buren, Suite 470, 
Chicago, IL 60612, USA. 
E-mail: george_l_bakris@rsh.net

Current Hypertension Reports 2003, 5:418–425
Current Science Inc. ISSN 1522-6417
Copyright © 2003 by Current Science Inc.

Introduction
Diabetic nephropathy is the leading cause of end-stage
renal disease in the United States [1]. Clinical practice
guidelines recommend angiotensin-converting enzyme
(ACE) inhibitors in both hypertensive and normotensive
type 1 diabetic patients with microalbuminuria or overt
nephropathy [2]. More recently, four major renal outcome
studies have provided evidence compelling the American
Diabetes Association to recommend angiotensin receptor
blockers (ARBs) as the treatment of choice in type 2 diabe-
tes with diabetic nephropathy and ARBs or ACE inhibitors
in patients with microalbuminuria [3,4•,5•,6,7•].

Proteinuria is well established as a marker and inde-
pendent risk factor for the development of cardiovascular
(CV) and renal diseases [8]. A recent study reported that
the use of an ACE inhibitor to reduce proteinuria resulted
in improved renal and CV outcomes [6]. Titrating the dose
of ACE inhibitors or ARBs to maximally reduce proteinuria
is a strategy that has been advocated but has not yet been
tested in a study to determine renal and CV outcomes [9–
12]. The doses of ARBs and ACE inhibitors to effectively
block the renin-angiotensin system (RAS) have been deter-
mined by blood pressure (BP) reduction rather than by
effecting renal and/or CV outcomes.

Studies have demonstrated the importance of using
higher doses of ACE inhibitors and/or ARBs, beyond BP
lowering, for greater reductions in proteinuria [12,13].
Blockade of both the circulating and tissue RAS to reduce
systemic and renal hemodynamics and intrarenal effects of
angiotensin II are the primary renoprotective actions of
ACE inhibitors and ARBs. Consideration of dose and
length of therapy is of prime importance [12–15].

The purpose of this review is to examine those dose
comparative studies in diabetic subjects that have evalu-
ated the effect of usual or high doses of RAS blockers as
monotherapy or as combination (ARBs and/or ACE inhibi-
tors) therapy in order to achieve maximal blockade of the
RAS. In addition, by examining studies based on dose-
related titrations of ACE inhibitors and ARBs, emphasis
will be placed on determining “how high is high” by the
magnitude of the reduction in proteinuria.

Importance of Dosing
Benefits of RAS blockade in preventing the progression of dia-
betic renal disease have largely been attributed to reductions
in BP and renal hemodynamic changes. Recent studies have
demonstrated that ACE inhibitors and ARBs reduce pro-
teinuria to a greater extent when matched for BP against other
non-RAS antihypertensive agents [16]. These BP-independent
effects of RAS blockade may be due to inhibition of the intra-
renal or local RAS that is active in diabetes [17]. Reducing the
effects of angiotensin II in the glomerulus may act to improve
glomerular permselectivity, a process that may be partially
independent from changes in glomerular pressure [18].

Angiotensin-converting enzyme (ACE) inhibitors and 
angiotensin receptor blockers (ARBs), two drug classes 
that effectively block the actions of the renin-angiotensin 
system (RAS), have unique capabilities as antihypertensive 
agents. Recent landmark clinical trials have demonstrated 
their important roles as primary therapy for the prevention 
of renal disease in diabetes. The optimal dosage of these 
RAS blockers required to slow the progression of renal 
disease or impair the development of cardiovascular risk is 
not known. However, data from many studies strongly 
support the use of the higher doses of ACE inhibitors or 
ARBs to reduce proteinuria. All studies of kidney disease 
progression demonstrate benefit on slowing only when 
blood pressure is reduced when using higher doses. In 
order to accrue the optimum benefit from ACE inhibitors 
and ARBs, the dose-response relationship for diabetic 
renal disease will have to be determined. The best strategy, 
ie, supramaximal doses of ACE inhibitors or ARBs or 
combining them, is still a matter of debate but may be 
resolved soon by results of ongoing studies.
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The existence and function of a local or intrarenal RAS
is well established and may require higher doses of ACE
inhibitors or ARBs for effective tissue RAS inhibition,
despite effective systemic RAS blockade [11]. Incomplete
blockade of the intrarenal RAS may be due to ACE escape
and to the existence of other non-ACE enzymes, such as
chymase, that can convert angiotensin I to its active form
[19,20]. The presence of non-ACE pathways for the genera-
tion of intrarenal angiotensin II may be responsible for the
progression of renal disease in some patients with diabetes
despite chronic ACE inhibitor therapy [21].

Strategies that result in more complete blockade of the
RAS may lead to better long-term outcomes in reducing the
progression of renal disease. The difficulty in utilizing one
of the various strategies to enhance RAS blockade is the
lack of evidence to determine what approach is optimal.
Sodium restriction or concomitant diuretic administration
will lead to a heightened RAS activity, thus allowing block-
ade of the RAS to result in greater reductions in proteinuria
[22]. Dosing ACE inhibitors or ARBs twice a day, increasing
the dose of monotherapy, or combining ACE inhibitors
and ARBs will also result in greater increases in plasma
renin activity and therefore a more complete RAS blockade
[14,20,23]. Dosing ACE inhibitors or ARBs beyond BP low-
ering (supramaximal doses) has also shown greater RAS
blockade, but it may not be as effective as combined ACE
inhibitors plus ARB therapy [10,24,25]. The difficulty in
choosing to use ACE inhibitors and/or ARBs at higher
doses has been a direct consequence of the paucity of clini-
cal data to guide therapy. Almost all studies examining the
benefit of ACE inhibitors or ARBs in renal disease have
used moderate doses that are typically associated with their
BP-lowering effects [9].

Current clinical evidence suggests that using doses of
ACE inhibitors or ARBs higher than is typically being used
have reported greater reductions in proteinuria [11,12].
The importance of using higher doses of drug to block the
RAS has also been confirmed by studies that have found
additional reductions in proteinuria when an ARB has
been given to patients already on maximal ACE inhibitors
therapy [23,26••]. Preliminary clinical evidence would
support the use of higher doses or combined therapy as
important strategies to enhance RAS blockade and thereby
lead to better renal and CV outcomes.

Nonrenal and Cardiovascular 
Dose-response Studies
Recent CV outcome trials using ARBs have suggested that
higher doses may confer greater benefit through more
complete blockade of the RAS. Recently, OPTIMAAL and
ELITE II reported losartan 50 mg/d was not as effective as
captopril 150 mg/d in preventing the CV events associated
with postmyocardial infarction and/or chronic heart fail-
ure (CHF), respectively [27,28]. However, the dose of
losartan may not have been comparable to the dose of

captopril, and thus losartan may not have been adequate
in completely blocking the RAS. In contrast to OPTIMAAL
and ELITE II, LIFE and RENAAL using up to 100 mg of
losartan demonstrated effective reductions in CV events
and progressive renal failure [5•,29,30]. These conflicting
results between trials suggest that dose may play a very
important role in the BP-independent tissue protective
effects of ARBs and ACE inhibitors.

However, in other studies with ACE inhibitors and/or
ARBs there have been mixed results in the evaluation of
higher doses. In CHF studies, the benefits of using higher
doses of ACE inhibitors or ARBs have been moderate [31–
36] to neutral [37–40]. In the Val-HeFT study, there was no
benefit on CV mortality when an ARB was added to stan-
dard therapy in CHF, which included an ACE inhibitor and
β-blocker [32]. It is well known that ACE inhibitors and β-
blockers both affect the RAS with the net result being very
low plasma angiotensin II levels when used together,
thereby obviating the need for additional ARB therapy in
patients well controlled on standard therapy in CHF (ACE
inhibitor plus β-blocker plus diuretic) [41].

In other CV disease states, a substudy of the HOPE trial, a
prospective, randomized, clinical trial in patients with hyper-
tension, diabetes, and left ventricular hypertrophy, evaluated
two doses of the ACE inhibitor ramipril, 2.5 mg/d and 10
mg/d [42]. The study compared ACE inhibitor therapy with
placebo for the development of atherogenesis in the carotid
circulation. Even though the study was not powered to per-
form comparisons among the two ramipril doses (2.5 vs 10
mg/d), the high-dose group demonstrated a slower rate of
progression of carotid atherosclerosis.

Based on the available data, higher doses of RAS block-
ers do not appear to confer additional benefits in patients
being treated with standard therapy in CHF and post–myo-
cardial infarction. However, higher doses of ACE inhibitors
and/or ARBs play an important role in diabetes and renal
disease by ensuring a more complete blockade of the intra-
renal RAS. A recent meta-analysis of renoprotection studies
in patients with nondiabetic renal disease demonstrated a
linear dose-response relationship, ie, higher doses were
associated with better renal outcomes [43].

Despite the proven benefits of ACE inhibitor or ARB
therapy in patients with diabetic nephropathy, a large num-
ber of patients still developed worsening renal outcomes
[4•,5•,44]. Although increasing the dose of the ACE inhibi-
tor or ARB or combining the two therapies may bring more
benefit, there are still other important factors to control
(aggressive BP lowering, dietary sodium intake, glucose con-
trol, protein consumption, use of statins, and so forth) to
help limit the progression of CV and renal disease.

Type 1 Diabetes and Renal Disease
The importance of antagonizing the action of angiotensin II
in diabetes is well established to reduce proteinuria and pre-
serve renal function [6,30,45]. However, there is a need to
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determine the optimal strategy in order to maximize block-
ade of the RAS. We reviewed seven studies in type I diabetic
patients with micro- or macroalbuminuria that evaluated
different doses of monotherapy using ACE inhibitors or
ARBs or utilized combination (ARBs plus ACE inhibitors)
therapy (Table 1) [26••,46,47,48•,49•,50,51].

Microalbuminuria
Several clinical studies in normotensive and hypertensive
patients with type I diabetes have demonstrated reduction
of microalbuminuria with usual doses of ACE inhibitors,
independent of BP reduction [52]. Trials evaluating the
importance of dose in microalbuminuric patients with
type I diabetes have been positive but few in number
(Table 1). A study by O’Hare et al. [46] evaluated low
versus usual doses of ramipril (1.25 mg/d vs 5 mg/d) in the
progression of microalbuminuria in type I normotensive
diabetics. Urinary albumin excretion rates were lower in
the two ramipril groups versus placebo but not signifi-
cantly different from each other.

The second study by Bakris et al. [13] evaluated supra-
maximal doses of lisinopril in 15 normotensive subjects
with insulin-dependent diabetes mellitus (IDDM) in order
to determine its effect on microalbuminuria. Dosage of lis-
inopril was titrated over 3 months from 20 to 100 mg/d,
followed by the supramaximal dose for the next 15
months. Evaluation at 6, 12, and 18 months demonstrated

that the lisinopril group had a progressive reduction in
microalbuminuria by 48%, 62%, and 75%, respectively
(Fig. 1). There was an 8 mm Hg reduction in mean arterial
pressure (MAP) at 3 months, with no change in MAP
during the 3- to 18-month study period. This study was the
first to demonstrate the importance of dose (higher ACE
inhibitor doses than those used for BP lowering) and time
in order to achieve maximal protein lowering effects.

Macroalbuminuria
Two combination ACE inhibitor and ARB therapy trials, as
well as three comparative trials of multiple doses of mono-
therapy, have been investigated in type I diabetics with
overt nephropathy (Table 1). The landmark study by Lewis
et al. [44] first demonstrated the renoprotective effect of
ACE inhibitors in preventing the progression of chronic
renal failure. So striking were these data that it was the first
time that one trial convinced the US Food and Drug
Administration (FDA) to change the labeling of a drug,
with captopril subsequently being coined “renoprotective.”
As the beneficiary of this action, the trial compared the
effects of conventional therapy with captopril on BP reduc-
tion and renal function. Although both groups had similar
reductions in BP, captopril led to significant reductions in
proteinuria as well as prevented the doubling of serum
creatinine. These BP-independent effects of captopril were
very intriguing and compelled other investigators to

Table 1. Studies in type 1 diabetics with microalbuminuria and nephropathy 
(macroalbuminuria ± renal insufficiency)

Study Drug, daily dose Change in AER, % Change in MAP, % Change in GFR, %

Microalbuminuria
O’Hare et al. [46] Placebo +29.6 +3* NS

Ramipril 1.25 mg -26.5 -4 NS
Ramipril 5 mg -15.5 -3 NS

Macroalbuminuria
Okada et al [47] ACE inhibitor + ARB -28 -9 NA
Andersen et al. [48•] Enalapril 10 mg -45 -6 -1

Losartan 20 mg -59 -11 -3
Losartan 50 mg -33 -9 1
Losartan 100 mg -44 -8 -1

Andersen et al. [49•] Losartan 50 mg -30 -5 -2
Losartan 100 mg -48 -8 -4
Losartan 150 mg -44 -6 -4

Laverman et al. [50] Losartan 50 mg -34 -8† NS
Losartan 100 mg -45 -13 NS
Losartan 150 mg -47 -11 NS

Jacobsen et al. [51] Benazepril 20 mg -65 -6 -4
Valsartan  80 mg -65 -6 -5

Benazepril 20 mg + -80 -20 -12
valsartan 80 mg

Jacobsen et al. [26••] Enalapril 40 mg + -25 -6 -3
irbesartan 300 mg

*Systolic blood pressure only given.
†MAP responses are reported in responders. 
ACE—angiotensin-converting enzyme; AER—albumin excretion rate, ARB—angiotensin receptor blocker; GFR—glomerular filtration rate; 
MAP—mean arterial pressure; NA—not available; NS—not studied.
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examine the importance of using higher doses of ACE
inhibitors or ARBs beyond their ability to lower systemic
BP in a series of later studies.

In three dose-response protocols, the optimal dose of
losartan in type 1 diabetes with nephropathy was with the
highest approved dose of 100 mg/d [48•,49•,50]. Reduc-
tions in proteinuria at 100 mg/d (-44% to -48%) were
significantly higher than 50 mg/d (-30% to -34%) . How-
ever, doses above 100 mg/d resulted in neither a further
reduction in albuminuria nor BP [49•,50].

In order to further evaluate combination ACE inhibitors
and ARBs versus monotherapy with each class alone, Jacob-
sen et al. [51] administered to diabetics either valsartan (80
mg/d), benazepril (20 mg/d), or the combination of both
benazepril (20 mg/d) and valsartan (80 mg/d). Combi-
nation therapy led to an additional 43% reduction in
albuminuria. Another study by Jacobsen et al. [26••] evalu-
ated whether adding high-dose ARB therapy (300 mg/d
irbesartan) to patients with diabetic nephropathy on exist-
ing high-dose ACE inhibitor therapy (enalapril 40 mg/d)
had any additional effects in patients with diabetic nephro-
pathy. After 8 weeks of combination therapy albuminuria
was further reduced by 25% compared with ACE inhibitors
therapy (Fig. 2). There were no further changes in glomeru-
lar filtration rate and plasma potassium levels, while small
additional reductions in BP were noted. This study suggests
that dual blockade of the RAS is superior to maximally
recommended doses of ACE inhibitors with respect to BP
and protein lowering.

In another ACE inhibitor plus ARB combination study,
changes in urinary protein excretion were increased
beyond that seen with monotherapy and was greatly influ-
enced by a subset of subjects on a low Na+ diet. Subjects on
low Na+ intake had a greater reduction in proteinuria
(40% ± 33%) compared with the subjects on a high Na+

intake (13% ± 40%) [47]. These results suggest that Na+

intake can greatly affect the response to RAS blockade by
activating or inhibiting RAS activity and the benefit of
combination therapy is chiefly attributed to a greater
ability to antagonize the RAS [53]. Increasing the response
to ARB and/or ACE inhibitor therapy even at high doses
can then be improved by pretreating with a diuretic or
minimizing salt intake [22].

Finally, ACE inhibitors represent the most powerful
and indisputable agents for the delay of diabetic nephropa-
thy in patients with type 1 diabetes. However, since recent
studies with ACE inhibitors and ARBs in combination
suggest probable additional renoprotective effects than
using monotherapy alone, further studies need to be per-
formed in order to determine whether supramaximal doses
of ACE inhibitors or ARBs alone would provide equal addi-
tive benefit. However, it appears that the optimal renopro-
tective dose of losartan was at its maximally approved level
of 100 mg, since going beyond this dose provided no
added benefit. It is not known if this result will also be true
for other ARBs or is unique to losartan [20].

Type 2 Diabetes and Renal Disease
In patients with type 2 diabetes and microalbuminuria, both
ACE inhibitors or ARBs are recommended as standard
therapy to reduce proteinuria and preserve renal function
(Micro-HOPE, IRMA-2). In patients with type 2 diabetes and
nephropathy (macroalbuminuria) based on the outcome
results from the RENAAL and IDNT studies, ARBs are recom-
mended as first-line therapy [4•,5•]. We have reviewed four
additional comparative dose trials in albuminuric patients
with type 2 diabetes where different doses of ACE inhibitors
or ARBs were tested and two ACE inhibitors plus ARB combi-
nation studies were conducted (Table 2) [7•,54–57,58•].

Figure 1. Progressive reductions in microalbuminuria using high-dose 
angiotensin-converting enzyme inhibitor therapy in normotensive 
patients with type 1 diabetes. (Adapted from Bakris et al. [13].)

Figure 2. High-dose angiotensin receptor blocker therapy added to 
maximal recommended dose of angiotensin-converting enzyme 
inhibition in patients with diabetic nephropathy [26••].
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Microalbuminuria
The IRMA-2 trial evaluated the effect of increasing the dose of
irbesartan from moderate (150 mg/d) to high (300 mg/d)
levels [7•]. After a 2-year follow-up period, 300 mg/d of irbe-
sartan was associated with a greater reduction in proteinuria
than the moderate dose and was associated with little or no
differences in BP [7•]. A similar finding was demonstrated in
a smaller study using losartan but not with valsartan [55,56].
In the study with valsartan it was reported that 160 mg/d did
not reduce proteinuria any further than that of its lower dose
(80 mg/d), but it may be attributed to the low baseline levels
of albuminuria (85 mg/d) in this trial [56].

In the CALM study, the combination of candesartan (16
mg/d) and lisinopril (20 mg/d) were compared with the
individual components [54]. Initiation of dual therapy once
again resulted in both additional reductions in albuminuria
as well as greater reductions in systolic BP (decreased 6 mm
Hg) and diastolic BP (decreased 5 mm Hg) [54].

Macroalbuminuria
A dose titration study in 23 type 2 diabetic patients was
conducted by Rossing et al. [58•] where each subject
received placebo, candesartan 8 mg/d, 16 mg/d, and 32
mg/d in random order. Results demonstrated that the anti-
proteinuric effects were dose related up to 16 mg/d,
whereas going further (32 mg/d) did not result in any
additional reductions in proteinuria. In contrast, a recent

study in nondiabetic proteinuric (> 2 g/d) patients suggests
that titrating the dose of candesartan, up to its highest
approved dose (32 mg/d), will lead to additional reduc-
tions in proteinuria, and this may be related to additional
reductions in BP [59].

Rossing et al. [57] evaluated dual blockade of the RAS
in a randomized double-blind crossover study. Subjects
were given either candesartan 8 mg/d or placebo added to
ACE inhibitors therapy in all subjects in addition to usual
antihypertensive therapy. The addition of the ARB cande-
sartan 8 mg/d reduced albuminuria by 25% and lowered
24-hour systolic BP by another 10 mm Hg. They concluded
that combination ACE inhibitors and ARB therapy was
associated with greater blockade of the RAS by reducing
albuminuria and BP.

The landmark IRMA-2 study demonstrated dose-depen-
dent reductions in proteinuria that were partially indepen-
dent of BP reductions, and that the optimal doses used for
renal protection may in fact be greater than those currently
being used for BP lowering. However, there are no definitive
data currently to state whether or not going beyond the
standard doses or combining therapies (ACE inhibitor plus
ARB) confers greater benefit. Currently, there are ongoing tri-
als where answers to these questions will soon be available.
However, in type 2 diabetes, titrating the dose of the ACE
inhibitor or ARB to its maximum approved dose was associ-
ated with further reductions in proteinuria.

Table 2. Studies in type 2 diabetics with microalbuminuria and nephropathy 
(macroalbuminuria ± renal insufficiency)

Study Drug, daily dose Change in AER, % Change in MAP, % Change in GFR, %

Microalbuminuria
Mogensen et al. [54] (CALM study) Candesartan 16 mg -24* -10 NS

Lisinopril 20 mg -39* -11 -5
Combination -50* -17 -4

Parving et al. [7•] (IRMA-2 study)  Placebo -2 0 -3
Irbesartan 150 mg -24 0 -4
Irbesartan 300 mg -38 -1 -6

de Pablos-Velasco et al. [55] Losartan 50 mg - -7 -
Losartan 100 mg -27 -10 7†

Losartan 50 mg + 
HCTZ 12.5 mg

-41 -11 0†

Muirhead et al. [56] Placebo 18 0 -8
Captopril -26 -2 0

Valsartan 80 mg -28 -4 -7
Valsartan 160 mg -21 -4 -11

Macroalbuminuria
Rossing et al. [57] ACE inhibitor + 

candesartan 8 mg
-25 -5 -7

Rossing et al. [58•] Candesartan 8 mg -33 6 -7
Candesartan 16 mg -59 -6 -7
Candesartan 32 mg -52 -8 -7

*This change is for the ratio of urinary albumin to creatinine (mg/mmol).
†Comparisons of serum creatinine between losartan titrated to 100 mg vs 50 mg and losartan 100 mg vs losartan 50 mg + HCTZ.
ACE—angiotensin-converting enzyme; AER—albumin excretion rate; MAP—mean arterial pressure; GFR—glomerular filtration rate.
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Optimal Renoprotective Dose
Evidence from clinical trials in patients with diabetes
found that the maximum approved doses for ARBs should
be used in patients with proteinuria [48•,50,58•]. This has
also been supported by similar studies in nondiabetic renal
disease patients [24,60]. Based on the studies reviewed, it
is apparent that greater benefit can be achieved using high
doses of ACE inhibitors or ARBs as monotherapy, but no
further antiproteinuric response would be obtained using
higher doses than those necessary for effective BP control.
However, this is in conflict with another study that demon-
strated that supramaximal doses of candesartan resulted in
dose-dependent reductions in proteinuria at levels three
times the maximal approved dose [11]. Whether or not
ARBs, beyond their approved maximum doses, confer a
benefit in renal disease is currently being addressed by two
trials in patients with type II diabetes. The DROP trial (dos-
ing valsartan up to 640 mg/d) and SMART study (dosing
candesartan cilexitil up to 128 mg/d) will further explore
the optimal therapeutic effect of ARB therapy in reducing
proteinuria [61,62].

What are the options in patients where despite high-
dose monotherapy proteinuria is still elevated? An alterna-
tive and appropriate strategy, based on limited data, is the
combined use of ACE inhibitors and ARBs [52]. The diffi-
culty in determining the effectiveness of this approach has
been the tendency to combine very low or moderate doses
of ACE inhibitors and ARBs together without first titrating
the initial agent to its maximum [47,51,57]. Thus, compar-
ison of trials using low or moderate doses can be compli-
cated to interpret, as well as to compare. However, in a
recent study (Fig. 2) when the ARB was added to the maxi-
mum dose of the ACE inhibitor, an additional reduction in
albuminuria in type I diabetic nephropathy patients
occurred [58•]. This has been supported by two recent
combination studies in patients with nondiabetic renal
disease [13,23]. In the study by Laverman et al. [23] where
they examined dual therapy, the optimal ACE inhibitor
and ARB antiproteinuric dose was initially determined for
each patient. After titrating to the patients optimal ACE
inhibitor and ARB dose, combined therapy resulted in an
additional 29% reduction in proteinuria over that achieved
for ACE inhibitor monotherapy. It appears that the benefits
of dual therapy are dose dependent, and reflect further
inhibition of the intrarenal RAS.

Concern has been raised about using high or supra-
maximal doses of ACE inhibitors or ARBs, and its conse-
quent negative effects on worsening renal function and
greater incidence of hyperkalemia. In the studies reviewed,
higher doses of ACE inhibitors and/or ARBs were typically
associated with small increases in plasma potassium (0–
0.3 mmol/L), no changes in plasma creatinine, and a tran-
sient hypotensive effect in some patients [26••,48•,
49•,51,57]. The safety and efficacy of the ARB, candesartan
cilexetil, at five times its therapeutic maximum (160 mg/d)
was recently tested in 12 hypertensive subjects (seven

diabetics) with proteinuria [63]. No adverse effects were
reported in that study with no significant changes in
plasma potassium and creatinine. Given that ARBs have no
dose-limiting side effects, and to a lesser extent ACE inhib-
itors, it will be possible to safely titrate patients using
supramaximal doses of these drugs to determine optimal
renoprotective effects [63].

The whole “dosing strategy” issue is characterized by
inherent difficulties primarily due to large individual vari-
ability in response to RAS blockade therapy. In an attempt
to further antagonize the intrarenal (tissue) RAS for reno-
protection, higher doses of ACE inhibitors or ARBs or
combined therapy have been used along with Na+ restric-
tion or diuretic administration [53]. However, it is difficult
to know the most effective strategy to choose in order to
maximize the reduction in proteinuria. To this end, much
individual testing is necessary. Searching for the upper
limit of dose for total renal protection with ACE inhibitors
and/or ARBs should require evaluating the different dose-
response curves for each drug alone as monotherapy. Stud-
ies addressing this particular question are scarce but are
needed to help guide therapeutic decisions [23]. Thus, the
optimal dose and strategy for renoprotection using ACE
inhibitors and ARBs should be guided by titrating to the
maximum antiproteinuric effect [8,9].

Conclusions
ACE inhibitors and ARBs, as monotherapy or in combina-
tion, have evolved as accepted first-line agents for delaying
the progression of diabetic nephropathy. Currently, recom-
mendations favor ACE inhibitors for type 1 and ARBs or
ACE inhibitors for type 2 diabetes as a result of large,
controlled clinical trials. Therapeutic goals should be
addressed not only for BP reduction, but in diminishing
albuminuria as well. In subjects with microalbuminuria, the
dose of ARBs or ACE inhibitors should be titrated by the
clinician until normoalbuminuria is induced, even if supra-
maximal doses or a combination of ARBs and ACE inhibi-
tors are necessary. There is evidence that achieving reduction
in both microalbuminuria and in heavy proteinuria at
greater doses than those used to control BP may be required
using monotherapy or a combination of these RAS blockers.
Nevertheless, the question of how high the doses of ACE
inhibitors or ARBs must be for optimal benefit in diabetic
nephropathy has not been widely answered. Screening
should be performed on all subjects with risk factors for
microalbuminuria (hypertension, hyperlipidemia, diabetes,
coronary artery disease, smoking, positive family history, CV
disease, obesity, chronic renal disease, and trace or 1+ pro-
teinuria on urinalysis), and therapy should be initiated to
normalize or reduce proteinuria in either normotensive or
hypertensive subjects. The studies completed thus far have
helped to raise the question, “How high is high?” In order to
address how high the doses of ACE inhibitors and ARBs
must be for maximal tissue blockade of the RAS, long-term
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renal and CV outcome studies need to be performed using
the most effective antihypertensive and antiproteinuric dose.
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