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Treating Hypertension in the Patient
With Overt Diabetic Nephropathy

Edmund J. Lewis, MD

Summary: Arterial blood pressure is a major determinant of renal and cardiovascular out-
comes in diabetic nephropathy. There is a proportional relationship between the systolic
blood pressure and renal and mortality outcomes. Decreasing the diastolic pressure does not
significantly decrease these outcomes. Irrespective of the magnitude of pretreatment systolic
hypertension in the patient with type 2 diabetic nephropathy, the systolic pressure achieved
with antihypertensive therapy is the important determinant of renal and cardiovascular risk.
Achieving a lower systolic pressure down to 120 mm Hg is associated with substantial risk
reduction. Although the data are limited, systolic blood pressure less than 120 mm Hg may be
associated with increased all-cause mortality in this patient population, increasing the possi-
bility of a J-curve response. A marked decrease in diastolic pressure, which is a danger when
undertaking aggressive therapy with the goal of decreasing the systolic pressure to 130 mm
Hg, can be associated with an increased risk of cardiac events. The renoprotective and
proteinuria-decreasing effects of angiotensin-converting enzyme inhibitors and angiotensin-
receptor blockers recommend these agents as the standard of care in type 2 diabetic
nephropathy. In addition to angiotensin-converting enzyme inhibitor and angiotensin-recep-
tor blocker therapy, controlling the systolic blood pressure in this difficult to control patient
population may require the use of 3 or more antihypertensive agents.
Semin Nephrol 27:182-194 © 2007 Elsevier Inc. All rights reserved.
Keywords: Diabetic nephropathy, hypertension, systolic good pressure, diastolic blood
pressure, angiotensin-converting enzyme inhibitor, angiotensin receptor blocker, irbesar-
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n increase in the arterial blood pressure
is a major risk factor for the progression
of renal disease in diabetic nephropathy

nd an important determinant of cardiovascular
utcome in this patient population. Advances

n the therapeutic approach to the patient with
iabetic nephropathy have led to dramatic im-
rovement in the clinical course of these pa-
ients. Only 30 years ago, Kussman et al1 re-
orted that a cross-section analysis of patients

ollowed-up in his clinic who had type 1 diabe-
es mellitus revealed that the onset of protein-
ria could be expected 17 years after the initial
iagnosis of diabetes. Proteinuria presaged a
alignant course. The mean serum creatinine

evel recorded at the time of the onset of pro-
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einuria was 1.2 � 0.3 mg/dL. A loss of at least
0% of renal function and early renal failure
ith a mean serum creatinine level of 2.8 � 0.9
g/dL was documented within only 2 years

fter the onset of proteinuria. Death, primarily
ttributed to renal failure, occurred within 5
ears after the onset of proteinuria. Mogensen2

s credited with the initial report that docu-
ented the improvement in outcome associ-

ted with stricter blood pressure management.
e reported that decreasing the blood pressure

rom 162/103 mm Hg to 144/95 mm Hg in 6
ubjects decreased the rate of loss of glomerular
ltration from 1.23 mL/min/mo to 0.49/mL/
in/mo. Later, Nyberg et al3 and Parving et al4,5

onfirmed these observations. Parving et al4,5

reated 11 patients with aggressive antihyper-
ension management, decreasing the mean
lood pressure from 143/96 mm Hg to 129/84

m Hg. They reported the rate of the glomer-
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Hypertension in overt diabetic nephropathy 183
lar filtration rate decrease from an initial 0.89
L/min/mo to 0.22 mL/min/mo.
There have been only a few clinical trials in

atients with diabetes in which there was pro-
pective randomization into groups with signif-
cantly different blood pressure goals. The UK
rospective Diabetes Study randomized pa-
ients to tight control (�150/85 mm Hg) and
ess tight control (�180/105 mm Hg). They
howed that the prevention of macrovascular
nd microvascular events in type 2 diabetes
ould be achieved by better blood pressure
ontrol. The UK Prospective Diabetes Study
howed that despite currently obsolete blood
ressure goals, decreasing the mean arterial
ressure by approximately 8 mm Hg resulted in
20% to 30% risk reduction in multiple cardio-
ascular and diabetes-related end points.6

In another study of patients with advanced
iabetic renal disease, the effect of tight blood
ressure control was investigated in 129 patients
ho had participated previously in the Collabora-

ive Study Group trial of the effect of angiotensin-
onverting enzyme (ACE) inhibition on diabetic
ephropathy, which used captopril (Capoten;
ristol Myers-Squibb, Princeton, NJ) in a type 1
iabetic population.7 Patients were assigned ran-
omly to a mean arterial pressure of 92 mm Hg or

ess or 100 to 107 mm Hg, and were followed-up
or 2 years. After 2 years, patients with the lower
lood pressure goal had decreased proteinuria
rom 1,043 mg/d to 535 mg/d, whereas the
igher standard therapy group increased from
,140 mg/d to 1,723 mg/d. Hence, on average,
he aggressive treatment group was no longer
rine-dipstick–protein positive. This was the first
tudy to claim that a renal remission was possible
n diabetic nephropathy. Renal remission was de-
ned as a 24-hour protein excretion of less than
00 mg/d plus a loss of glomerular filtration rate
f less than 2 mL/y. It was noteworthy that 6
atients who initially had nephrotic-range pro-
einuria of 3 g/d or more, which generally is
elieved to have a very poor renal prognosis, had
een observed for 6 to 9 years and satisfied the
efinition of renal remission at the end of this
tudy. Blood pressure control in this study was
ndertaken using ramipril (Altace; Monarch, Bris-
ol, TN), which was titrated up to a dose of 20

g/d before the addition of other antihyperten- i
ive agents. Therefore, those patients with the
est outcome had better blood pressure control
nd were also on the highest dose of the ACE
nhibitor.

As one might expect, the limited evidence-
ased data have prompted some controversy
ith respect to blood pressure management of

his patient population. The treating nephrolo-
ist must be concerned not only about the best
gent to use, but also the ideal blood pressure
oal. In view of advanced vascular disease that
s seen in the type 2 diabetes population, there
s a concern that aggressive treatment can cause
he blood pressure to be decreased to the point
f increased cardiovascular or renal risk. The
ystolic blood pressure in patients with diabetic
ephropathy is notoriously difficult to control.
n aggressive attempt to decrease systolic pres-
ure engenders the potentially dangerous pos-
ibility that a concomitant marked decrease in
he diastolic pressure could put the patient at
ncreased risk for an adverse cardiac event.

NGIOTENSIN RECEPTOR ANTAGONIST
RIALS

n recent years, 2 large clinical trials have been
erformed with the intent of determining
hether angiotensin-receptor blockade is asso-

iated with retardation of the progression of
enal disease in type 2 diabetic nephropathy by

mechanism independent of blood pressure
ontrol. The Irbesartan Diabetic Nephropathy
rial (IDNT) (Avapro; Bristol Myers-Squibb)8

nd the Reduction in End-Points in Non-Insulin
ependent Diabetes Mellitus with the Angio-

ensin II Antagonist Losartan (RENAAL)
Cozaar; Merck, West Point, PA)9 were de-
igned to achieve statistical power for renal
utcomes. Neither were powered for cardiovas-
ular outcomes. Nevertheless, useful data re-
arding the determination of optimal targets for
he systolic and diastolic components of arterial
ressure with respect to renal and cardiovascu-

ar outcomes and all-cause mortality have been
erived from these studies.

The IDNT was a randomized, double-blind,
lacebo-controlled trial performed in 209 clin-
cs worldwide.8 A total of 1,590 hypertensive
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184 E.J. Lewis
atients with type 2 diabetes were enrolled.
hese patients were randomized to 3 treatment
egimens: (1) the angiotensin-receptor blocker
ARB) irbesartan in a dose titrated from 75 to
00 mg/d; (2) the dihydropyridine calcium
hannel blocker amlodipine (Norvasc; Pfizer,
ew York, NY), in a dose titrated from 2.5 to 10
g/d; or (3) placebo control. Antihypertensive

gents with the exception of ACE inhibitors,
RBs, and calcium channel blockers were used
s needed in each group with a target systolic
ressure of 135 mm Hg or less, or a 10 mm Hg
ecrease when the value at screening was more
han 145 mm Hg, and a diastolic pressure of 85
m Hg or less. Two thirds of this patient pop-

lation were men, the average age was approx-
mately 60 years, and the average body mass
ndex was 31. Approximately 75% of patients

ere non-Hispanic white and 13% were non-
ispanic black. The primary outcome was the

ime to a composite outcome of doubling of the
erum creatinine level, end-stage renal (ESRD)
isease, or death. The average blood pressure at
he time of entry into the study was a systolic
ressure of 160 � 20 mm Hg and a diastolic
ressure of 87 � 11 mm Hg. Over the course of

ollow-up evaluation in the IDNT, which aver-
ged 2.6 years, the blood pressure achieved in
he irbesartan group and the amlodipine group
ere essentially identical (140/77 mm Hg),
hereas that of the placebo group was slightly
igher (144/80 mm Hg). As would be expected

n this patient population, several antihyperten-
ive agents, in addition to coded medication,
ere required for blood pressure control. Pa-

ients in the placebo group required an average
f 3.3 nonstudy drugs for their blood pressure
ontrol as compared with 3.0 in patients ran-
omized to the irbesartan and amlodipine
roups. The distribution of classes of these non-
tudy drugs used to control the blood pressure
id not differ among the groups and included
iuretics, �-blockers, peripheral �-blockers,
nd central �-2 agonists.

In accord with the aggressive therapeutic
pproach, the diastolic blood pressure was con-
rolled in 82% of patients entered into this trial.
owever, only 30% of patients achieved the
ystolic goal of 135 mm Hg. c
HE IMPORTANCE OF SYSTOLIC BLOOD
RESSURE CONTROL

he importance of control of systolic hyperten-
ion as a determinant of the course of renal
rogression was shown in the IDNT. The base-

ine systolic blood pressure correlated signifi-
antly with renal outcomes (doubling of the
erum creatinine level or ESRD) (Fig. 1A).10 The
ikelihood of reaching a renal end point in-
reased progressively with the higher baseline
ystolic blood pressures (P � .0001). Thirty-six
ercent of patients in the highest quartile of
lood pressure (baseline systolic blood pres-
ure �170 mm Hg) reached a renal end point
ompared with only 18% of patients in the
owest systolic blood pressure quartile (systolic
lood pressure �145 mm Hg) during the 4-year
ourse of the study. In contrast, the baseline
iastolic blood pressure weakly correlated with
hese renal outcomes (P � .065).

Perhaps even more importantly, the systolic
lood pressure that was achieved during the
ourse of this study was associated with the renal
utcome in an even more dramatic manner than
hat reported for the baseline systolic pressure
Fig. 1B).10 The best renal outcome was observed
n patients who achieved a systolic blood pres-
ure of less than 134 mm Hg. Only 17% of patients
n this lowest quartile (63 of 379 patients)
eached these renal end points during the course
f follow-up evaluation. On the other hand, 38%
f patients in the highest quartile with a systolic
lood pressure of greater than 149 mm Hg
eached renal end points.10

Thus, although the baseline systolic blood
ressure was an independent predictor of renal
utcome in this patient population, this rela-
ionship was lost when the achieved systolic
lood pressure was taken into account. A de-
rease of 20 mm Hg in the achieved systolic
lood pressure was associated with a 47% de-
rease in the risk for developing a renal end
oint. The average follow-up systolic blood
ressure was shown to be correlated directly
ith the relative risk of a renal end point in the

DNT down to an achieved pressure of 130 mm
g. There was a plateau in the renal outcomes
f less than 130 mm Hg (Fig. 2A).10 This point
ecomes relevant when one examines the asso-

iation between the achieved systolic pressure
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B

igure 1. (A) Cumulative proportions of patients who reached a renal end point (doubling of baseline serum creatinine
SCR] or ESRD, defined as an SCr level of �6.0 mg/dL or renal replacement therapy) by quartile of baseline systolic
lood pressure (SBP). The number of patients who were at risk for reaching a renal end point is tabulated for each period
uring the follow-up evaluation. (B) Cumulative proportions of patients who reached a renal end point (doubling of
aseline SCr or ESRD, defined as an SCr level of �6.0 mg/dL or renal replacement therapy) by quartile of achieved SBP.
he number of patients who were at risk for reaching a renal end point is tabulated for each period during the follow-up

valuation. Reproduced with permission from the J Am Soc Nephrol.10



a
t

C
I

F
t
t
b

s
d
b
s
t
w
s
c

F
p
a
n
R l.10

186 E.J. Lewis
nd all-cause mortality (Fig. 2B)10 among pa-
ients in the IDNT and this is discussed later.

AN BLOOD PRESSURE CONTROL
NVOLVE HAZARD

or almost 2 decades it has been suggested that
he relationship between blood pressure con-
rol and clinical outcome is not a straight line,
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igure 2. (A) Natural log of the relative risk for reaching
ressure (SBP). The number of patients who were at risk
chieved follow-up SBP. (B) Natural log of the relative risk
umber of patients who were at risk for death by any
eproduced with permission from the J Am Soc Nephro
ut rather has a graphic U- or J-shaped relation- c
hip. In 1988, Cruickshank et al11 observed that
eath as a result of cardiovascular disease could
e diminished by decreasing the blood pres-
ure. However, these investigators noted that
here was a definable nadir that could be seen
ith respect to the effectiveness of blood pres-

ure decrease on cardiac mortality. Further de-
reasing the diastolic pressure to less than a
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Hypertension in overt diabetic nephropathy 187
ith a subsequent increase in cardiac mortality.
hese observations were compatible with the
onsideration that low diastolic pressures could
ritically lower coronary perfusion because
lood flow to the myocardium occurs during
iastole.12 On the basis of these observations,
he concept of the J-curve was introduced.13

ver the 20 years that have intervened since
hese reports, there has been a good deal of
ontroversy regarding the existence of a
-curve. Some studies confirmed this concept,
thers did not.14-17 However, recent observa-
ions do support the contention that a very low
iastolic pressure is associated with an increase

n adverse cardiac events (Fig. 3).18,19

Although underpowered for cardiovascular
vents and retrospective in the manner of anal-
sis, the IDNT did provide the opportunity to
tudy a specific, well-defined patient popula-
ion that was of relevance to nephrologists.10 In
his study, the all-cause mortality decreased in a
inear fashion relative to an achieved systolic
lood pressure from 180 mm Hg to 120 mm Hg.
owever, patients with a follow-up systolic

igure 3. Relative risk of myocardial infarction by level
t risk for death for each level of blood pressure is tabulat
oc Nephrol.21
lood pressure of less than 120 mm Hg had a o
ubstantially higher mortality rate that was sta-
istically significant (P � .001) (Fig. 2B). This
bservation appears to indicate a J-curve re-
ponse in the population under study. Unfortu-
ately, the nature of these observations are con-
ounded by their retrospective nature. Insofar
s patients were not randomized to achieve
arious blood pressure levels and relatively few
atients in this study had a decrease in systolic
lood pressure of less than 120 mm Hg, one
ust treat this apparent J-curve as being less

han definitive. It is noteworthy that this J-curve
henomenon was evident in all 3 treatment
roups and in patients with and without a his-
ory of cardiovascular disease at the time of
ntry into the trial.10

NDEPENDENT RENOPROTECTIVE EFFECT
F ARBS

ne of the advantages of the IDNT was the ability
o compare results achieved with ARB therapy as
ompared with a dihydropyridine calcium chan-
el blocker or blood pressure management with

ieved diastolic blood pressure. The number of patients
the bottom. Reproduced with permission from the J Am
of ach
ed at
ther agents. When an observer examines the
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188 E.J. Lewis
imultaneous impact of the achieved systolic
lood pressure and the randomized treatment
odality on the relative risk of reaching a renal

nd point it is apparent that, in addition to
chieved systolic blood pressure, randomization
o the ARB was associated independently with
mproved outcome (Fig. 4).10 Patients random-
zed to the amlodipine group performed equally
o those receiving placebo. This dihydropyridine
alcium channel blocker increased neither renal
or cardiovascular risks.8,20

When the patient population in the IDNT was
xamined to determine whether the results of a
pecific cardiovascular event were more or less
ommon in 1 of the 3 treatment groups, there
ppeared to be no difference when cardiovascu-
ar death, myocardial infarction, cerebral vascular
ccident, or cardiac revascularization were exam-
ned. Patients randomized to receive irbesartan
id have a significant decrease in the requirement
or hospitalization for congestive heart failure
hen compared with either the amlodipine (P �

004) or placebo (P � .048) groups.9,10 Similar
esults were reported in the RENAAL study,
hich used losartan.20,21 Although not statistically

ignificant, fewer patients who received amlodip-
ne during IDNT had strokes than those receiving

igure 4. Simultaneous impact of quartile of achieved
elative risk for reaching a renal end point (doubling of
reatinine level of �6.0 mg/dL or renal replacement
ephrol.10
rbesartan or placebo. S
In the IDNT, as noted previously, the risk for
ardiovascular mortality differed little among the
assigned treatment groups. However, there was
linear relationship between the achieved sys-

olic blood pressure and the risk of cardiovascular
ortality irrespective of the group assigned. The

ower the systolic blood pressure, the lower the
isk. Results that were similar to the IDNT also
ere observed in the RENAAL study.22 In con-

rast, the relative risk of myocardial infarction,
ll-cause, or cardiovascular mortality was in-
reased as the diastolic blood pressure decreased
Fig. 3). The relative risk of having a myocardial
nfarction during the IDNT was increased 61% for
very 10–mm Hg decrease of the diastolic pres-
ure (P � .0001).21 This effect was independent
f treatment assignment.

OTENTIAL DANGER OF EXCESSIVE
ECREASE OF DIASTOLIC BLOOD
RESSURE

n a post hoc study that was designed to deter-
ine whether an aggressive decrease of the dia-

tolic pressure could be associated with increased
oronary events,18,19 Messerli et al analyzed data
rom the International Verapamil Trandolapril

lic blood pressure (BP) and treatment modality on the
ine serum creatinine level or ESRD, defined as a serum
y). Reproduced with permission from the J Am Soc
systo
basel
therap
tudy and showed all-cause death and myocardial
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Hypertension in overt diabetic nephropathy 189
nfarction, but not stroke, increased with low
iastolic pressures. The potential danger of exces-
ively decreasing the diastolic pressure can occur
asily while trying to control the systolic pressure
Fig. 3). Osher et al23 force-titrated 257 hyperten-
ive diabetic patients to achieve the blood pres-
ure goal of less than 130/85 mm Hg as recom-
ended by the Joint National Commission on

revention, Detection, Evaluation and Treatment
f High Blood Pressure. They achieved the dia-
tolic goal in 90% of patients and the systolic goal
n 33%, numbers similar to those reported in the
DNT. The diastolic pressure was 70 mm Hg or
ess in 57% of patients. The attainment of a dia-
tolic pressure of less than 70 mm Hg was more
ikely if the patient had a higher systolic pressure,
history of coronary artery disease, or was older.

FFECT OF BLOOD PRESSURE
ANAGEMENT UPON PROTEINURIA

further consideration with respect to the
reatment of hypertension in patients with dia-
etic nephropathy is the effect of blood pres-
ure decreases on urine protein excretion and
ts relationship to outcome. A reduction in ei-
her systolic or diastolic blood pressure is asso-
iated with a reduction in proteinuria.24 How-
ver, the antihypertensive agent used
etermines the magnitude of reduction of pro-
einuria as blood pressure decreases. In the
DNT, the magnitude of proteinuria reduction
ssociated with blood pressure decreases in the
rbesartan group was more pronounced than
hat seen in the amlodipine group after 1 year
f treatment (16.3% versus 8.0% reduction in
roteinuria for each 10% reduction of systolic
ressure). For each 10% reduction in diastolic
lood pressure, proteinuria reduction also was
ecreased more profoundly in the irbesartan
roup (13.7% versus 6.7% reduction in protein-
ria for each 10% reduction).24

The decrease in proteinuria associated with
lood pressure control takes on increased im-
ortance because there is growing evidence
hat proteinuria may be an independent modi-
able risk factor for the prevention of progres-
ion of overt diabetic nephropathy.25 ARBs and
CE inhibitors have been associated indepen-
ently with a greater reduction in proteinuria

hen compared with other blood pressure low- p
ring agents that do not act through the inhibi-
ion of the renin-angiotensin system. In the
DNT, proteinuria levels decreased on average
1% in the irbesartan group by 12 months as
ompared with 11% in the amlodipine group
nd 16% in the control group. Proteinuria re-
uction attributed to irbesartan has been calcu-

ated to account for approximately one third of
he renoprotective effect that was observed in
he IDNT.24 These observations confirm previ-
us studies that revealed an association be-
ween the severity of proteinuria and progres-
ion of nephropathy.26-30

IMITATIONS OF META-ANALYSIS
ECHNIQUES

trong evidence from statistically valid clinical
rials indicates that ACE inhibitors and ARBs
ffectively diminish the rate of progression of
oth type 1 and type 2 diabetic nephropa-
hy.8,9,26 Some confusion has resulted from the
ublication of faulty meta-analyses and post hoc
econdary analyses in very large clinical trials
hat were not originally designed to detect renal
vents. Meta-analysis is an accepted methodol-
gy that can provide valuable information re-
arding therapeutic efficacy when properly
owered large clinical trials have not been un-
ertaken. It is incumbent on the investigator
onducting a meta-analysis to be certain that a
easonable homogeneity be required of clinical
rials that are to be included in the analysis. This
as been referred to as a face validity test. The
ailure of a meta-analysis to use a face validity
est can lead the investigator to risk conclusions
hat can appear egregiously nonsensical relative
o existing evidence-based standards of care
hat have been derived from statistically pow-
rful controlled clinical trials. Some meta-anal-
ses that have attempted to explore the impact
f renin-angiotensin system blockade in pro-
einuric renal diseases have failed to require
tudies that are to be included have similar
atient populations, similar drug interventions,
r similar predefined patient outcomes. Strip-
oli et al31 reported the efficacy and safety of
CE inhibitors and ARBs in the treatment of
iabetic nephropathy. These investigators were

ed to the flawed conclusion that ARB therapy

roposed a potential danger to patients with
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iabetic nephropathy because more cardiovas-
ular events were recorded in trials using these
gents when compared with trials using ACE
nhibitors. They failed to take into account the
ossibility that their results could be explained
y the fact that the majority of trials using ACE

nhibitors were performed in patients with type
diabetic nephropathy, whose average age

ould be expected to be approximately 35
ears, whereas the treatment trials using ARBs
ere performed in patients with type 2 diabetic
ephropathy, whose average age would be ex-
ected to be approximately 60 years. It is not
urprising that more cardiovascular events
ight occur in the older type 2 diabetes popu-

ation independent of the therapeutic agent
sed. An examination of the number of cardio-
ascular complications and deaths that oc-
urred in the placebo group in the trial of the
CE inhibitor captopril in type 1 diabetic ne-
hropathy26 showed that the likelihood of an
vent was markedly lower than the cardiovas-
ular events and mortality that occurred in the
lacebo group in the IDNT.8 Hence, the differ-
nce in cardiovascular events and mortality was
riven by the population studied and not the
herapeutic agent that was used. This meta-
nalysis by Strippoli et al31,32 would not pass the
ace validity test. In fact, the flawed conclusions
re misleading with respect to good clinical
ractice in the diabetic nephropathy patient
opulation. The 2 large trials that investigated
enoprotection in diabetic nephropathy both
howed ARBs to be the treatment of choice.8,9

he pros and cons of whether ARB therapy can
ndeed increase the risk of myocardial infarc-
ion has been debated and, in summary, there
eems to be little current evidence that this
otential danger actually exists.33,34

Another misleading meta-analysis that failed
he face validity test was reported by Casas et
l,35 which concluded that ACE inhibitors and
RBs were no more effective than other anti-
ypertensive drugs with respect to renoprotec-
ion. Unfortunately, approximately 85% of the
atients in this meta-analysis derived from one
tudy, the Antihypertensive and Lipid-lowering
reatment to Prevent Heart Attack Trial
ALLHAT) trial, which excluded patients with

evere renal disease.36 This trial was designed to o
etermine which antihypertensive agent best
revented mortality and cardiovascular events.
nd-stage renal disease was not an expected
utcome in the ALLHAT trial. Proteinuria was
ot measured in patients in the ALLHAT trial.
here was, in fact, no similarity between the
atient population in the ALLHAT trial when
ompared with the existing statistically valid
iabetic nephropathy trials in the literature. Se-
ious questions have been raised regarding the
alidity of the Casas et al report, which was
rimarily an analysis of the ALLHAT patient
opulation rather than a meta-analysis.37

The ALLHAT trial itself has been the subject
f considerable controversy from many points
f view. A secondary analysis by Rahman et al38

oncluded that hypertensive patients with a
educed glomerular filtration rate who were
ntered into the ALLHAT trial were not pro-
ected from the development of ESRD by the
se of lisinopril (Zestril; AstraZeneca, Wilming-
on DE) when the group receiving this ACE
nhibitor was compared with patients receiving
mlodipine or chlorthalidone.

The ALLHAT trial involved more than 33,000
atients, 36% of whom had diabetes. As noted
reviously, the validity of examining the patient
opulation entered into the ALLHAT trial in a
eta-analysis of diabetic nephropathy trials has

een questioned. However, an even more im-
ortant question was posed by Hollenberg,39

ho requested data from the investigators re-
arding the dose of medications that actually
ad been achieved in the ALLHAT trial. The
esponse of the ALLHAT investigators revealed

serious weakness in the study.40 In fact, of
,814 patients randomized to the lisinopril
roup, 22% were not taking the drug at the
-year point and a further 28% were receiving
he lowest dose of lisinopril (ie, 10 mg/d).
ence, 50% of patients in the ACE inhibitor
roup were either not receiving the medication
r were receiving a dose so low that renopro-
ection might not be expected. At year 3, there
ere 31.5% randomized to the lisinopril group
ho were not taking the drug and 20% were

eceiving 10 mg/d, and at year 5 there were
8.5% not taking the drug, and 14% were on 10
g/d. Similar but somewhat lower percentages
f patients in the chlorthalidone and amlodip-
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ne groups were not taking their medication.
he conduct of a valid clinical trial depends on

he assumption that the majority of patients will
ake the coded medication. Perhaps an intent-
o-treat analysis was valid in the determination
f the primary outcome of the ALLHAT trial,
espite the number of patients who were not
aking their coded study drug. However, a valid
ost hoc study with the aim of determining the
enoprotective efficacy of an ACE inhibitor
hould require that patients are indeed receiv-
ng an adequate dose of the prescribed drug. An
ntent-to-treat analysis would not be valid in this
ost hoc study because an excessive number of
atients were not taking the medication to
hich they had been randomized. It is difficult

o imagine investigators concluding that ACE
nhibition is not renoprotective in hypertensive
atients with a reduced glomerular filtration
ate when half the patients were either not
aking the drug or were taking a dose that many
ould consider inadequate for renoprotec-

ion.38 It is equally difficult to imagine that
hese ALLHAT data would be included in a
eta-analysis that proposed to determine the

enoprotective effect of ACE inhibitors.35

Another controversy regarding the validity of
he primary conclusion was precipitated when
he Heart Outcomes Prevention Evaluation
HOPE) study was published. This was a large
ardiovascular study that randomized a total of
,297 patients older than age 55 to either
amipril (10 mg/d) or matching placebo for 5
ears, with the primary goal of determining an
lteration in cardiovascular event risk. The goal
f the study was to determine the likelihood of
ardiovascular events in a high-risk population,
hich certainly would be relevant to patients
ith diabetic nephropathy. This study con-

luded that ramipril therapy was associated
ith a 22% reduction in the composite primary
utcome of myocardial infarction, stroke, or
eath from cardiovascular causes (P � .001).
hese results often are quoted when the ques-

ion arises of whether to use ACE inhibitors
ather than evidence-based standard ARB ther-
py in type 2 diabetic nephropathy. One of the
otentially confusing factors generally over-

ooked in the HOPE trial was the fact that pa-

ients received their study medication at bed- b
ime. Hence, the morning clinic blood pressure
ifference was only 3 mm Hg systolic and 2 mm
g diastolic lower in the ramipril group. How-
ver, a small substudy of HOPE patients using
4-hour ambulatory blood pressure measure-
ents revealed that overall differences of 11
m Hg systolic and 4 mm Hg diastolic in favor

f ramipril were recorded.41,42 It is therefore
uspected that these substantial differences in
chieved blood pressure would be more likely
o account for differences in the cardiovascular
utcomes reported for the HOPE study rather
han any specific cardioprotective effect of the
CE inhibitor. This information weakens the
rgument that ACE inhibitors should be used
referentially to ARBs in patients with type 2
iabetic nephropathy, who are a population at

ncreased risk for cardiovascular events.

LBUMINURIA AND CARDIOVASCULAR
ISK

herapeutic measures that decrease systemic
lood pressure and decrease albuminuria are
ssociated not only with renoprotection, but
lso appear to be cardioprotective in patients
ith type 2 diabetic nephropathy. The RENAAL

tudy was a prospective, double-blinded, ran-
omized trial of 1,513 patients with type 2
iabetes and nephropathy with a protocol sim-

lar to that used in the IDNT.9 A major differ-
nce was the randomization to only 2 groups, 1
roup receiving the ARB losartan and the other
eceiving placebo. Calcium channel–blocking
gents were allowed in both arms of the study.
he results of the RENAAL study duplicated

hose of the IDNT with respect to renal out-
omes.8,9 These investigators performed a sec-
ndary analysis regarding the impact of decreas-

ng albuminuria on cardiovascular end
oints.25,43 They reported that albuminuria was
he strongest predictor of cardiovascular out-
ome in that study. There was an 18% reduction
n cardiovascular risk for every 50% reduction
n albuminuria, and a 27% reduction in heart
ailure risk for every 50% reduction in albumin-
ria. These results lend further support to the
se of ARBs and blood pressure management in
his patient population. Similar results have

een reported in a different patient population
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192 E.J. Lewis
n the Losartan Intervention for Endpoint Re-
uction of Hypertension Study (LIFE) trial.44

THER STRATEGIES FOR BLOCKING THE
ENIN-ANGIOTENSIN-ALDOSTERONE
YSTEM

here is growing evidence that several other strat-
gies using agents that inhibit the renin-angioten-
in-aldosterone system appear to have inde-
endent blood pressure decreasing and renopro-
ective characteristics. Definitive studies in dia-
etic nephropathy have yet to be performed. In
ost of these studies the primary end point has

een the determination of diminished protein-
ria. Long-term studies to document significant
etardation of the progressive loss of renal func-
ion or prevention of ESRD are awaited. High
oses of ACE inhibitors or ARBs that are in excess
f the usual range approved by regulatory agen-
ies such as the Food and Drug Administration
ave been used to decrease proteinuria to levels
hat are less than those achieved at approved
oses and also concomitantly decrease systemic
lood pressure.45 It has been difficult to discern
hether these results can be attributed to specific
roteinuria decreasing effects, more effective an-
ihypertensive effects, or other mechanisms pro-
oting renoprotection. The combination of ACE

nhibitors and ARBs together in their usual thera-
eutic doses also have led to reports of decreasing
f proteinuria levels beyond that shown by either
f these agents alone.46-54 Once again, conclu-
ions often are confounded by the inability to
qualize blood pressure control in the random-
zed groups. The aldosterone-blocking agents spi-
onolactone55 and eplerenone56 have been admin-
stered in small trials to patients with proteinuric
enal diseases and have effectively decreased the
rine protein excretion rate. The decreased pro-
ein excretion rate appears to be independent of
he antihypertensive effect of these aldosterone-
locking drugs. Because decreased proteinuria is
ssociated with an improved renal outcome,
hese therapeutic approaches may be promising
n terms of renoprotection. The one potential
rawback of all of these therapies, particularly in
atients with diabetic nephropathy who may
ave hyporeninemic hypoaldosteronism and a de-
reasing glomerular filtration rate, is the potential

or serious hyperkalemia. Jacobsen et al49 re- f
orted that dual ACE inhibitor/ARB blockade was
ssociated with hyperkalemia in 3%, increased
reatinine levels in 8%, and hypotension in 5% of
atients so treated. However, even when hyper-
alemia tends to be relatively mild and somewhat
nusual, it is best to remember that the first evi-
ence of severe hyperkalemia can be sudden
eath. A more carefully controlled experience to
scertain the risk-benefit of these various ap-
roaches is required before a recommendation
an be made for their routine clinical use.

The recommendation that agents that block
he renin-angiotensin system should be admin-
stered for renoprotection is not empiric. The
emarkable similarity of the primary results re-
arding the independent renoprotective effect
f ARBs achieved in IDNT and RENAAL make
he likelihood that the findings are random in-
nitesimally small. ARBs and ACE inhibitors
hould be the first-line therapy in patients who
ave overt diabetic nephropathy. In addition to
lockade of the renin-angiotensin system, blood
ressure control, particularly the systolic pres-
ure, clearly is associated with improved renal
nd cardiovascular outcomes in this compli-
ated patient population.7,10,22,57 The treatment
f systolic blood pressure to achieve a goal of
30 mm Hg, in accord with current guidelines,
ay be an arduous task. The clinician should be

ware that in this patient population, decreas-
ng the systolic pressure to less than 120 mm
g may be associated with an increased risk of
ardiovascular events without improving the
enoprotective outcome achieved at 130 mm
g.10,57 Decreasing the diastolic pressure to the
urrent guideline of 80 mm Hg is more readily
ttainable in this patient population. However,
ncreased adverse cardiac events can occur at
ower diastolic blood pressures.18,21

It is important to realize that although the
lood pressure may be poorly controlled for
any years before a patient receives proper med-

cal attention, the achievement of better control
f the systolic blood pressure is associated with

mproved renal and mortality outcomes.10 De-
pite the concern of a J-curve at systolic pressures
ess than 120 mm Hg and increased cardiac events
t excessively decreased diastolic pressures, a
eneficial result can be anticipated through care-

ul blood pressure management by using an ARB



o
a
p

R

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

Hypertension in overt diabetic nephropathy 193
r ACE inhibitor in a therapeutic management
pproach that is likely to require at least 3 antihy-
ertensive agents.
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