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Background: The effect of angiotensin-converting en-
zyme (ACE) inhibitors in slowing the decline in renal func-
tion in nondiabetic renal disease varies among studies.

Purpose: To use meta-analysis to assess the effect of ACE
inhibitors on the development of end-stage renal disease
caused by factors other than diabetes.

Data Sources: The English-language medical literature,
identified by a MEDLINE search, and unpublished studies.

Study Selection: All randomized studies that compared
ACE inhibitors with other antihypertensive agents and had
at least 1 year of planned follow-up were selected. Studies
of diabetic renal disease and renal transplants were ex-
cluded. A total of 1594 patients in 10 studies was included.

Data Extraction: Data on end-stage renal disease, death,
drop out, and blood pressure were extracted. Study inves-
tigators confirmed results and provided additional data.

Data Synthesis: Among 806 patients receiving ACE in-
hibitors, 52 (6.4%) developed end-stage renal disease and
17 (2.1%) died; in the 788 controls, the respective values
were 72 (9.1%) and 12 (1.5%). The pooled relative risks
were 0.70 (95% Cl, 0.51 to 0.97) for end-stage renal disease
and 1.24 (Cl, 0.55 to 2.83) for death; the studies were not
significantly heterogeneous. The decreases in weighted
mean systolic and diastolic blood pressures during fol-
low-up were 4.9 and 1.2 mm Hg greater, respectively, in
the patients who received ACE inhibitors.

Conclusions: Angiotensin-converting enzyme inhibitors
are more effective than other antihypertensive agents in
reducing the development of end-stage nondiabetic renal
disease, and they do not increase mortality. It could not be
determined whether this beneficial effect is due to the
greater decline in blood pressure or to other effects of ACE
inhibition.
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Angiotensin-mnv:rting enzyme (ACE) inhibitors
slow the progression of diabetic renal disease.
In patients with microalbuminuria, these drugs slow
progression to overt proteinuria (1, 2); in patients
with proteinuria, they decrease urine protein excre-
tion and slow the decline in glomerular filtration
rate, the increase in serum creatinine level, and the
onset of renal failure (3, 4). These effects occur in
patients with or without preexisting hypertension,
and in some studies (1, 4, 5), the beneficial effect on
renal disease seems to have been greater than the
effect on blood pressure.

Maschio and colleagues (6) reported a beneficial
effect of ACE inhibition on the progression of non-
diabetic renal diseases. Their multicenter clinical
trial compared the ACE inhibitor benazepril with
placebo for effect on the increase in serum creati-
nine level in 583 patients with various renal dis-
eases. Although the incidence of the primary out-
come measure (a twofold increase in baseline serum
creatinine level) was significantly lower in the ACE
inhibitor group, the difference between groups in
follow-up mean serum creatinine level was small
(0.1 to 0.2 mg/dL). Because renal disease progresses
slowly, only two patients developed end-stage renal
disease during this trial. Finally, the mortality rate
was significantly (P = 0.04) higher in the ACE in-
hibitor group than in the placebo group (1 death
per 93 patient-years compared with 1 death per 656
patient-years), In this study, therefore, neither the
magnitude of the beneficial effect nor the safety of
ACE inhibition was established conclusively.

Several smaller randomized trials of ACE inhib-
itors in patients with nondiabetic renal disease have
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also been reported (7-17). These studies, however,
did not have uniform results. Possible sources of
variability include different methods of measuring
renal function, different causes and severity of renal
disease, use of different ACE inhibitors, and small
sample sizes. Thus, it remains uncertain whether
ACE inhibitors are preferable to other antihyper-
tensive agents in the treatment of nondiabetic renal
diseases.

We used meta-analysis to combine information
from randomized trials of ACE inhibitors in pa-
tients with nondiabetic renal disease. Our objectives
were to assess 1) the effect of ACE inhibitors on the
progression of renal disease, as judged by the onset
of renal failure (the unequivocal and clinically rel-
evant outcome measure);, 2) the safety of ACE in-
hibitors, as judged by mortality rates; and 3) the
effect of ACE inhibitors on blood pressure.

Methods

Literature Search

The meta-analysis was performed by using meth-
ods described elsewhere (18, 19). We searched the
MEDLINE database for English-language studies
on the effect of ACE inhibitors on renal disease in
humans that were published between 1977 (the year
in which the studies of ACE inhibitors in humans
were first published) and May 1996, We also
searched references, review articles, and abstracts
from recent U.S. and international congresses. In
addition, we sent letters to investigators who had
experience in conducting trials that studied the ef-
fect of antihypertensive agents on the progression of
renal disease to ask about other published or un-
published reports.

Selection Criteria

We included data from published or unpublished
reports of randomized, controlled studies in which
most patients had nondiabetic renal disease. The
included studies had a planned length of follow-up
of at least 1 year and reported the number of pa-
tients who developed end-stage renal disease (mea-
sured by initiation of dialysis or transplantation),
died, and dropped out. If a series of papers was
published by the same authors, all data were re-
trieved from the most recent report. Studies of pa-
tients who predominantly had diabetic renal disease
or who had had renal transplantation were ex-
cluded. We did not require that patients have hy-
pertension or renal insufficiency at baseline.

Data Extraction

Two authors extracted the data. We defined four
outcome measures: end-stage renal disease, death,
the combined outcome of end-stage renal disease or
death, and drop out. The four outcome measures
were summarized for each randomly assigned group
in each study. This summary was sent to the prin-
cipal investigator or co-investigator with a request
to verify the data; provide any missing data; and,
when applicable, update the results of ongoing stud-
ies. We also requested individual patient data for all
studies.

The mean systolic and diastolic blood pressures
during follow-up were computed as the weighted
mean of the blood pressure results reported in pub-
lished reports or from results provided to us by the
investigators. Mean baseline and follow-up blood
pressures of the ACE inhibitor and control groups
were weighted by the number of patients in each
group. We then computed the decline in weighted
mean blood pressures from baseline to follow-up in
both groups and the difference between groups in
the weighted mean decreases in blood pressure.

Statistical Analysis

A two-sided P value less than 0.05 was used to
indicate statistical significance. No adjustment was
made for multiple comparisons.

Comparison of Randomly Assigned Groups

For each study, we computed the relative risk for
each outcome in the ACE inhibitor group compared
with the control group. The pooled relative risk for
each outcome was computed by using the random-
effects model described by DerSimonian and Laird
(19). The random-effects model incorporates both
between-study and within-study variability. Hetero-
geneity in relative risk among studies was assessed
by use of the chi-square test. The data are pre-
sented as relative risks with 95% Cls.

We also compared the changes in weighted mean
blood pressure during follow-up. Some studies did
not provide data on the variability of follow-up
blood pressures or individual patient data. Thus, we
could not compute estimates of variance or Cls for
the differences in the decline in blood pressure be-
tween groups.

Meta-Regression Analysis

Meta-regression analysis is a statistical method
used to determine whether specific factors (covari-
ates) influence the magnitude of the point estimate
of the treatment effect across studies (20). The re-
sults are generally reported as slope coefficients and
Cls. For the analyses reported here, characteristics
of the sample in each study were related to the
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Table 1.

Characteristics of Studies of Nondiabetic Renal Disease Included in the Meta-Analysis*

Study (Reference) Yeart Patients Men Mean Age Planned Mean Baseling Level of Renal Function
Iﬁm:; Flasma Creatining Glomerular
Creatinine Clearance Filtration
Level Rate
n % ¥ ma rrgal mifmin
Zucchelli et al. (7, B) 1992 121 58 55 36 30 30 MNA
Kamper et al. (9] 1992 70 53 48 24 4.4 A 16
Brenner et al. 4 1993 112 64 47 36 7 49 36
Toto e al.t 1993 124 ] 52 36 N al 34
van Essen et al.2 1994 103 66 50 48 18 NA& n
Hannedouche et al. (10} 1994 100 53 51 36 30 A 25
Bannister et al, (11} 1995 g1 7 47 12 11 105 70
Hemmelmann et al. (14} 1995 260 48 65 24 1.0 MA 82
Becker et al. (12) and Ihle et al. (13} 199% 70 51 44 24 4.2 15 15
Maschio et al, (B) 1996 583 T2 51 36 FA | 43 A

* WA = not available

t The year of pubbcation of approaimate year of completion of unpubkshed studies & ndicated

# Unpublshed data provsded by the study investigatars.

relative risk for end-stage renal disease in that
study. We used univariate linear regression analysis
to examine the effect of selected baseline variables
and the difference in blood pressure between the
randomly assigned groups on the relative risk ex-
pressed on a logarithmic scale. These analyses may
be less sensitive for detecting associations than are
multiple regression analysis of individual patient
data in a pooled analysis.

Data Synthesis

Selection and Characteristics of the Studies

Ten published randomized trials with at least 1
year of follow-up were identified (6-17). Four un-
published studies that met these criteria were iden-
tified; three were completed and one was ongoing
{Brenner BM, Toto R, van Essen GG, Aurell MA.
Personal communications). No data on end-stage
renal disease, death, or drop out were available for
four studies (three published and one unpublished);
thus, these studies were not included. After exclu-

sions, seven published (6-14) and three unpublished
studies were included, with a total of 1594 patients.
Six studies—three published (6, 12-14) and the
three unpublished—were blinded, and four studies
were not blinded (7-11). Investigators from all 10
studies confirmed the number of randomly assigned
patients and the number of patients who reached
each defined outcome.

Characteristics of the studies and the patient
samples are listed in Tables 1 to 4. The planned
length of follow-up ranged from 12 to 48 months
(Table 1). Most patients were men (range, 48% to
T7%), and the mean age ranged from 44 to 66
years. Mean baseline impairment of renal function
was mild in three studies (mean serum creatinine
level, 1.0 to 1.8 mg/dL), moderate in five studies
(mean serum creatinine level, 2.1 to 3.0 mg/dL), and
severe in two studies (mean serum creatinine level,
4.2 to 4.4 mg/dL). In most studies, the proportion of
patients with hypertensive nephrosclerosis, glomer-
ular and interstitial diseases, and polycystic kidney
disease was similar to that of patients with nondia-
betic end-stage renal disease (Table 2) (21). One

Table 2. Causes of Renal Disease in Studies Included in the Meta-Analysis*

Study (Reference) Hypertensive Glomerular Insterstitial Pohpcystic Other
Mephrosclerosis Diseases Diseases Kidney Disease
* %
Zucchelli et al. (7, B) 30 19 9 12
Kamper et al. (9) o 24 16 17
Brenmer et al.t MA MA MA A, A
Toto et al. t HA A MNA M A
van Essen et al t 29 22 14 9
Hannedowche et al, (10} B 19 16 10
Bannister et al. (1) o 100 a 4] 0
Himmelmann et al. (14) 100 4] 4] 0
Becker et al. (12) and Ihle
etal {13) ] 26 1 B
Maschio et al. (6) 17 18 1" 18
* MA = not available
1 Unpublished data prowded by the study investigaton
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Table 3.

Target and Achieved Blood Pressures and Antihypertensive Medications in Studies Included in the Meta-Analysis*

Study Study Design ACE Inhibitor Group Controd Group
Target Blood Pressure Concomitant Achieved Blood Prescribed Achieved Blood Prescribed
Medication Pressure Medication Pressure Medication
Baseline  Follow- and D0sage  paceline Foliow-  and Dosage
up o up
S8P DBF SBP DEP SBP DEP SBP DBF SBP DEP
mm Hg ——mm Hg— mgid ——mm Hy—— mgid
Zucchelli et al, (7, 8) NS <85 o, F 166 101 135 B2 Caplopnl, 12.5-50 164 99 139 B2 Mifedspine, 10-20
Kamper et al. (9) 120-140 80-90 B.C,D,G 152 91 136 82 Enalapnl, =25 143 B0 135 B4 NS
Brenner et al 1 NS 65-80 B.OEF 141 90 124 79 Enalaprl, 540 141 90 130 79 Placebo
Toto et al t NS <95 B0 EF.G 134 B2 133 B4 Enalaprd, 5-40 128 83 134 85 PMacebo
van Essen et al. t NS <95 or change =10 c.D 153 90 136 79 Enalapal, 10-40 155 91 138 80 Atenclol, 50-100
Hannedouche et al, (10} NS <90 C.OLF 167 103 149 90 Enalaprl, 5-10 166 101 150 B89 Acebutolol, 400;
Atenclol, 100
Bannister et al. (11} NS W5 NS 158 98 136 B4 Enalapnl, 5-20 151 595 138 B& Nifedipine, 20-60
Himmeimann et al. (14) N5 i B.C.D 168 100 153 89 Cilazapril, 2.5-5 170 100 156 B85 Atenaolol, 50-100
Becker et al. (12} and thle
etal (13) NS NS B.C,D,E.F 147 B7 141 82 Enalapril, 5 154 B8 154 BE Placebo
Maschio et al. (6} WS 90 while supine NS 142 87 135 B4 Benazeprl, 10 144 B8 144 BE Placebo

* ACE = angioténun-converting enyme; B = B-adenerge blockers; C = caltium-channel blocker; D = duretics, DEF = chastohe blood pressure; E = penpheral a-adnenergic blocdoers;
F = gentral a-adrenetgic sgonsis, G = vasoddaton; NS = not specified, S8F = systol blood pressuse

t Unpublshed data provsded by the study investigators.

study (11), however, included only patients with IgA
nephropathy, and another study (14) included only
patients with essential hypertension. Two studies in-
cluded patients with diabetic nephropathy: 13 of 70
patients (19%) in one study (9) and 21 of 583
patients (3.6%) in the other (6). These patients are
included in our analysis.

Table 3 lists blood pressures and data on antihy-
pertensive medications. Enalapril was used in seven
studies, and captopril, cilazapril, and benazepril were
used in one study each. The control groups received
placebo in four studies, B-adrenergic blockers in
three studies, calcium-channel blockers in two stud-
ies, and an unspecified combination of antihyperten-
sive agents in one study. The same blood pressure
target was defined for both ACE inhibitor and con-
trol groups in each study, and various medications
other than ACE inhibitors, including B-adrenergic
blockers, calcium-channel blockers, diuretics, periph-
eral a-adrenergic blockers, central e-adrenergic ago-
nists, and vasodilators, were added to both groups
as needed in an effort to reach the target. Variation
in baseline blood pressure was due, in part, to the
timing of blood pressure measurements dictated by
study protocol (for example, measurement while pa-
tients received medications compared with measure-
ment while patients did not receive medications).
Weighted mean baseline systolic blood pressures
were 150.1 mm Hg in the ACE inhibitor group and
151.0 mm Hg in the control group. Weighted mean
baseline diastolic blood pressures were 91.7 mm Hg
and 91.9 mm Hg, respectively. In most studies,
blood pressure declined from baseline to follow-up.
Weighted mean follow-up systolic blood pressures
were 138.3 mm Hg in the ACE inhibitor group and
143.6 mm Hg in the control group. Weighted mean
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follow-up diastolic blood pressures were 84.2 mm
Hg and 85.6 mm Hg, respectively. Therefore, the
respective declines in weighted mean systolic and
diastolic blood pressure were 4.9 and 1.2 mm Hg
greater in the ACE inhibitor group than in the
control group.

Decline in renal function was estimated from the
serum creatinine level in seven studies, creatinine
clearance in four studies, and glomerular filtration
rate in nine studies (Table 4). The methods for
measuring glomerular filtration rate included renal
clearance of inulin in one study, plasma clearance of
technetium-99m pentetate in two studies, plasma
clearance of chromium 51 EDTA in three studies,
and renal clearance of iodine 'Ziothalamate in
three studies. None of the studies was designed to
detect a difference in end-stage renal disease or
death. Five studies concluded that ACE inhibitors
were more effective than other antihypertensive
agents in slowing the decline in renal function. Five
studies (including the three unpublished studies) did
not find that ACE inhibitors were more effective.

Comparisons of Randomly Assigned Groups

The number of randomly assigned patients in
each group who reached the defined outcomes is
shown in Table 5. Because of the slow rate of
progression of renal disease and the relatively short
duration of follow-up, few patients in any study
developed renal failure or died.

End-Stage Renal Disease

The relative risk for the onset of end-stage renal
disease in the ACE inhibitor group compared with the
control group is shown in the left side of the Figure,
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Table 4. Main Outcome Measures and Conclusions in Studies Included in the Meta-Analysis*

Study (Reference) Bain Outcome Measures Related to Decline Conclusion
in Renal Functiont

Zucchelli et al, (7, 8) GFR, creatimine clearance, plasma creatining level Mo difference

Kamper et al. [9) GFR ACE inhabitors more effective
Brenner et al # GFR, creatimne clearance, plasma creatining level Mo difference

Toto et al GFR, creativne clearance, plasma creatinine level Mo difference

van Essen et al.¥ GFR, plasma creatinine bevel Mo difference

Hannedouche et al. (10) GFR, plasma creatinine bevel ACE inhibitors more effective
Banmister et al. (11) GFR Mo difference

Himmelmann et al. (14) GFR ACE inhabitars more effectie
Becker et al. (12} and Hile et al. {13} GFR, creatinine clearance, plasma creatining level ACE inhibitors mare effective

Maschao et al. (B)

Plasma creatinine level

ACE inhibitors more effective

* ACE = anguotensn-converting enfyme, GFR = glomenylar filtration rate
t GFR measured on a subset of patents
# Unpublshed data proveded by the study mvestigators.

The reported relative risk for end-stage renal dis-
ease ranged from 0.51 to 3.36 and was not signifi-
cant in any single study. However, the pooled rela-
tive risk was 0.70 (CI, 0.51 to 0.97), indicating a
statistically significantly lower risk for development
of end-stage renal disease in the ACE inhibitor
group. The result of the test for heterogeneity of
relative risk among studies was not significant (P <
0.75 and >0.5), indicating that treatment effect did
not significantly differ among studies. Restricting
the analysis to the seven published studies gave
similar results (relative risk, 0.65 [CI, 0.45 to 0.94]).
In the seven studies that used enalapril, the pooled
relative risk for end-stage renal disecase was 0.74
(CI, 0.52 to 1.05).

Death

The relative risk for death is shown in the right
side of the Figure. The pooled relative risk was not
significant (1.24 [CI, 0.55 to 2.83]), and the result of
the test for heterogeneity among studies was not
significant (P = 0.2). In Maschio and colleagues’
study (6), a trend toward an increased risk for death
was seen in the ACE inhibitor group (relative risk,

7.55 [CI, 0.95 to 60.0]). In the other studies, the
pooled relative risk was 0.89 (CI, 0.36 to 2.17).

Combined Outcome (End-Stage Renal Disease or
Death) and Drop Outs

No significant difference was seen in the risk for
the combined outcome of end-stage renal disease or
death (relative risk, 0.80 [CI, 0.55 to 1.17]). If Mas-
chio and colleagues’ study (6) is omitted from the
analysis, the risk for end-stage renal disease or death
is significantly lower in the ACE inhibitor group
(relative risk, 0.70 [CI, 0.52 to 0.94]). The number
of drop outs did not significantly differ among
studies (relative risk, 1.16 [CI, 0.91 to 1.47]).

Meta-Regression Analysis

We used meta-regression analysis to examine the
associations of baseline factors and blood pressure
during follow-up with the effect of ACE inhibitors
on end-stage renal disease.

Baseline Factors
We related the relative risk for end-stage renal
disease (on a logarithmic scale) in each study to the

Table 5. Summary of Main Outcomes in the Randomly Assigned Groups®

Study (Reference) ACE Inhibitor Group Control Group
Randarmly ESRD Death Death Drop Randomiy ESRD Death Death Drop
Assigned of ESRD Ot Assigned or ESRD Out
Patients Patients
= n N
Zucchell et al, (7, 8) &0 ¥ 1 B 15 61 14 0 14 16
Kamper et al, (3) 35 o 1 1" 4 5 13 4 17 3
Brenner et al. t 53 7 2 9 17 59 9 1 o 18
Toto et al.t 64 4 o 4 25 G0 7 2 9 10
van Essen ot al.t o -1 3 B8 13 52 2 1 3 15
Hannedouche et al. (10) 52 10 ] " 1" 48 17 2 19 12
Banwmister et al, (11} 24 1 0 1 1 27 0 0 0 3
Himmeimann et al. (14) LEd] 1] ] 4] 25 129 0 4] v] 14
Becker et al. (12) and fhle et al. (13} 36 7 1 8 16 34 9 1 10 12
Maschio et al. (6) £l 1 8 9 42 283 1 1 2 £
Tatal BOG 52 17 2] 169 788 EF 12 Ba 144

* All vadues are the numbers of patents. ACE = angioleniin-tormening enryme; ESRD = end-stage renal disease
t Unpublethed data peovided by the study swestigatlons.
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R — Favors ACE Inhibition Favors Other Drugs Favors ACE Inhibition Favaors Other Drugs
Zocchelistal (7,8) M e 12 —— »
Kampse ot al. () DEN 1882 70 - @
Branner ol al* UsA TeE3 112 e -
Toto atal. * USA 13 1M —_— 5
van Ensen ot nl, ™ HOL 1984 100 —— - -
Harodouche otal (10 FR 1956 100 —
Barnisioretal (10)  AUS 1904 51 -
Fammemannatal, (14) SW 1985 260
Beckar ot al. (121and AUS 1906 TO -
bl o4 &l (13)
Maschio ot al. (6} BUR 1906 583 -
OVERML 1554 B —f—
i A om Bb @2 45 1 2 5 M ™ W W ot oa@ 054 a2 @ 1 % 5 W o® O W
Relative Risk for ESRD Relative Risk for Death

Figure. Effect of angiotensin-converting enzyme (ACE) inhibition on risk for end-stage renal disease (E5RD) and death in patients with
nondiabetic renal disease. Data are the relative sk with 95% Cls on a logarithmic scabe. The pooled relative risk for end-stage renal disease was 0.70 (95%
ClI, 0,51 10 0.97), indbcating a significamy lower risk in the ACE inhibitor group, The result of the test for heterogenesty among studies was not ssgnificant (P <
0.75 and =0.2), indecating that the relative risk did not significant differ among studies. The pooled relative risk for death was not signifecant (1.24 [CI, 0.55
to 2.83]) and the result of the test for heterogeneity amang studies was not sgnificant (F = 0.2). The year of publication or appraximate year of completion
of the unpublished studies is given. Interrupted lines indicate that the Cis extend 10 infinity because no events occurred in these studies. * = Unpublished data
provided by study investigators, AUS = Austraka; DEN = Denmark; EUR = Euwrope, FR = France; HOL = the Metherlands, IT = Raly, SW, Sweden, USA =

United States

following characteristics of that study: the percent-
age of male patients; mean patient age; percentage
of patients with nephrosclerosis, glomerular dis-
eases, interstitial diseases, polycystic kidney disease,
and other or unknown conditions; mean serum cre-
atinine level; mean glomerular filtration rate; mean
systolic and diastolic blood pressures; and planned
duration of follow-up. It is important to note, how-
ever, that with the exception of baseline renal func-
tion, these analyses had limited power because the
variability in these factors across studies was not
great (Tables 1 to 3).

Baseline glomerular filtration rate was reported
in 8 of 10 studies (Table 1). Using the mean base-
line creatinine clearance and serum creatinine level
in the remaining two studies, we estimated that the
mean baseline glomerular filtration rate was 26 mL/
min in Zucchelli and colleagues’ studies (7, 8) and
38 mL/min in Maschio and colleagues’ study (6).
The regression coefficient of baseline glomerular fil-
tration rate on the logarithm of relative risk for
end-stage renal disease was 0.017 (CI, —0.0063 to
0.041). Serum creatinine levels were measured in all
10 studies. The regression coefficient for the associ-
ation between mean baseline serum creatinine level
and the logarithm of relative risk was —0.096 (ClI,
—0.48 to 0.29). These results do not suggest a re-
lation between the mean baseline level of renal
function and the treatment effect.

Follow-up Blood Pressure
We next related the relative risk for end-stage
renal disease in the ACE inhibitor group in each

study (on a logarithmic scale) to the observed dif-
ference between groups in the decline in systolic
and diastolic blood pressures in that study. For de-
crease in systolic blood pressure, the regression co-
efficient was —0.007 (CI, —0.13 to 0.11). For de-
crease in diastolic blood pressure, the regression
coefficient was —0.004 (CI, —0.21 to 0.20). These
analyses do not reveal a statistically significant as-
sociation between mean blood pressure reduction
and the beneficial effect of ACE inhibitors; how-
ever, the Cls are too wide to rule out a clinically
significant association.

Discussion

Diabetes is the single largest cause of end-stage
renal disease in the United States, accounting for
approximately 30% of new cases (21). Over the past
decade, many clinical trials have shown that ACE
inhibitors are effective in slowing the progression of
diabetic renal disease (1-4). Most patients with
end-stage renal disecase have other renal diseases;
for several reasons, however, progress in identifying
effective treatments for these other diseases has
been slower. First, the prevalence of other individ-
ual renal diseases is lower than that of diabetic
renal disease, and the inclusion of patients with
various diseases in clinical trials creates a heteroge-
neous study sample that may not uniformly respond
to treatment. Second, unlike diabetes, most renal
diseases have no clearly defined stages other than
the progressive decline in renal function, which is
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often used as a surrogate end point in clinical trials.
However, differences in methods of measuring renal
function can lead to discrepancies in the interpre-
tation of results of clinical trials (22-24). Third, in
most diseases other than diabetes, the mean rate of
decline in renal function is slow. Within the limited
duration of most clinical trials (2 to 4 years), few
patients reach a “hard” end point, such as the onset
of end-stage renal disease or death. Thus, most
clinical trials did not have sufficient statistical power
to determine the effect of the intervention on end-
stage renal disease or death.

The Modification of Diet in Renal Disease
(MDRD) Study, the largest clinical trial to date in
patients with nondiabetic renal disease, recently
showed a beneficial effect of a lower-than-usual
blood pressure goal in patients with renal insuffi-
ciency and proteinuria (25, 26). In that study, ACE
inhibitors were the treatment of choice in both the
usual and low blood pressure groups; thus, the ef-
fect of ACE inhibitors themselves was not studied.
Many clinical trials comparing ACE inhibitors with
other antihypertensive agents have now been com-
pleted, but the results are not uniform. In the larg-
est clinical trial conducted thus far (6), neither the
magnitude of the benefit nor the safety of ACE
inhibitor therapy was established conclusively.

We therefore combined data from randomized
trials in nondiabetic renal disease and found a sig-
nificantly lower risk for end-stage renal disease in
patients treated with ACE inhibitors. In animals,
ACE inhibition slows rather than arrests the pro-
gression of renal disease (27). It is therefore likely
that the lower risk that we observed reflects a delay
in the onset of end-stage renal disease; this delay is
consistent with a slowing of progression rather than
full prevention of that outcome. Furthermore, other
clinical trials suggest that changes in renal function
predict the time to onset of end-stage renal disease
(4, 28). Thus, we infer that the beneficial effect of
ACE inhibitors on the development of end-stage
renal disease we found in our analysis reflects a
slowing in the decline in renal function. Unfortu-
nately, the decline in renal function was not ex-
pressed in a similar way in all studies. A pooled
analysis of individual patient data could provide an
estimate for the magnitude of the slowing of the
rate of progression.

We used meta-regression analysis to explore pos-
sible associations between the treatment effect and
clinical or demographic characteristics. Maschio and
colleagues (6) suggested that men and patients with
proteinuria benefited most from ACE inhibition.
We could not confirm or refute these findings be-
cause variability across studies in these characteris-
tics was not great. Other studies have shown that
lack of variability may limit the power of meta-

regression analysis compared with analysis of indi-
vidual patient data (20). Regression analysis that
uses individual patient data rather than group data
would allow more sensitive evaluation of the mag-
nitude of benefit in subgroups. The mean level of
baseline renal function varied widely among studies,
but we did not observe a significant relation be-
tween mean baseline renal function and relative risk
for end-stage renal disease with ACE inhibitor
treatment. As in diabetic nephropathy, we suspect
that treatment with ACE inhibitors is beneficial in
patients who have nondiabetic renal diseases in
which the degree of impaired renal function varies
widely (1, 2, 4). In practice, ACE inhibitors could
be prescribed early and their use continued through-
out the course of chronic renal disease.

We found no significant difference in the risk for
death between the ACE inhibitor and control
groups. This finding is consistent with Maschio and
colleagues’ conclusion (6) that the higher mortality
rate in their ACE inhibitor group was a chance
event rather than a detrimental effect of the treat-
ment. Nonetheless, several side effects and risks of
ACE-inhibitor therapy are well described in patients
with chronic renal disease. These risks include hy-
perkalemia, cough, mild reduction in glomerular
filtration rate in patients with parenchymal renal
disease, and acute renal failure in patients with
bilateral renal artery stenosis or volume depletion
(29-31). Patients receiving ACE inhibitors should
have regular measurement of blood pressure, renal
function, and serum electrolyte levels, especially dur-
ing intercurrent illness.

We observed a greater decline in blood pressure
in patients who received ACE inhibitors than in
those receiving other antihypertensive agents, even
though the target blood pressure was the same in
both the ACE inhibitor and control groups. The
magnitude of the difference in decline in systolic
blood pressure (4.9 mm Hg) is large enough to have
a clinically significant beneficial effect on the pro-
gression of renal disease (25, 26). In meta-regres-
sion analysis, no statistically significant relation was
seen in the difference between randomly assigned
groups in blood pressure decline and the beneficial
effect of ACE inhibition. However, the Cls for the
regression coefficients were too wide to exclude a
clinically significant association. Thus, we could not
conclusively determine whether the beneficial effect
of ACE inhibition was due to the greater decline in
blood pressure.

Angiotensin-converting enzyme inhibition slows
the progression of renal disease in animals by nu-
merous mechanisms. In addition to decreasing sys-
temic blood pressure, ACE inhibition decreases glo-
merular capillary pressure, reduces proteinuria, and
suppresses mediators of glomerular and tubular hy-
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pertrophy and fibrosis (31, 32). These effects seem
to be shared among ACE inhibitors and among
angiotensin-1l-receptor antagonists (33). No studies
directly comparing different ACE inhibitors were
available, and we found no apparent differences
among clinical trials of different ACE inhibitors.
However, the number of studies of agents other
than enalapril was too small to allow meaningful
comparisons. Reports of clinical trials of angioten-
sin-Il-receptor antagonists on slowing the progres-
sion of renal disease have not yet been published.

Like all meta-analyses, our analysis is limited by
differences among the clinical trials, particularly in
patients’ baseline characteristics. However, the re-
sult of the test for heterogeneity among studies was
negative, indicating that ACE inhibition has a con-
sistently beneficial effect despite these differences.
The analysis is also limited by the lack of uniform
data on other outcomes, such as rates of decline in
renal function, and by lack of individual patient
data. Hence, as discussed above, we could not de-
termine the magnitude of the slowing of the decline
in renal function or determine whether ACE inhib-
itor therapy was more or less beneficial in sub-
groups of patients defined by clinical or demo-
graphic characteristics. It is also possible that the
patients who developed end-stage renal disease dur-
ing the short follow-up were not representative of
the majority of patients enrolled in these studies,
but we believe that this is unlikely. 1f these patients
were atypical, the beneficial effect of ACE inhibitors
on the development of end-stage renal disease may
not accurately reflect their effect on the decline in
renal function. Finally, as discussed above, we could
not determine whether the beneficial effect was due
to the greater decline in blood pressure or to other
effects of ACE inhibition.

In summary, the findings from our meta-analysis
of randomized trials suggests that ACE inhibitors
have a substantial beneficial effect in delaying the
onset of end-stage renal disease and do not increase
mortality. Together with the recent results of the
largest study thus far to show a beneficial effect on
the decline in renal function (6), our meta-analysis
supports the conclusion that ACE inhibitors may be
more effective than other antihypertensive agents in
slowing the progression of chronic renal disease.

Note added in proof: Since submission of the
manuscript, the unpublished report by van Essen
and colleagues has been published in abstract form
(J Am Soc Nephrol. 1996;7:1400), and a full-length
article is in press (Kidney Int Suppl). In addition, a
study by the GISEN group (16) has been published
(Lancet. 1997,349:1857-63); this study showed a
beneficial effect of ramipril in nondiabetic renal dis-
ease. Including the GISEN group results in our
meta-analysis does not substantially change the re-

sults. The pooled relative risks in the 11 studies are
0.69 (CI, 0.53 to 0.91) for end-stage renal disease
and 1.32 (CI, 0.61 to 2.88) for death.
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Without ascribing divine power to the physicians, personal contact with the patient is
admittedly an important factor in physiologic rapport. Not only will a painstaking
history afford invaluable information to the physician but the patient will ordinarily
gain composure and ease. The complete physical examination remains the most
essential ingredient in the comprehensive study of the patient. By the physician's
“guietly efficient thoroughness he will convey the comforting assurance of his interest

and competence.”
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