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ABSTRACT

BACKGROUND

The multicenter double-blind, randomized Bergamo Nephrologic Diabetes Compli-
cations Trial (BENEDICT) was designed to assess whether angiotensin-converting—
enzyme inhibitors and non-dihydropyridine calcium-channel blockers, alone or in
combination, prevent microalbuminuria in subjects with hypertension, type 2 diabetes
mellitus, and normal urinary albumin excretion.

METHODS

We studied 1204 subjects, who were randomly assigned to receive atleast three years of
treatment with trandolapril (ata dose of 2 mg per day) plus verapamil (sustained-release
formulation, 180 mg per day), trandolapril alone (2 mg per day), verapamil alone (sus-
tained-release formulation, 240 mg per day), or placebo. The target blood pressure was
120/80 mm Hg. The primary end point was the development of persistent microalbu-
minuria (overnight albumin excretion, >20 pg per minute at two consecutive visits).

RESULTS

The primary outcome was reached in 5.7 percent of the subjects receiving trandolapril
plus verapamil, 6.0 percent of the subjects receiving trandolapril, 11.9 percent of the
subjects receiving verapamil, and 10.0 percent of control subjects receiving placebo. The
estimated acceleration factor (which quantifies the effect of one treatment relative to an-
other in accelerating or slowing disease progression) adjusted for predefined baseline
characteristics was 0.39 for the comparison between verapamil plus trandolapril and
placebo (P=0.01), 0.47 for the comparison between trandolapril and placebo (P=0.01),
and 0.83 for the comparison between verapamil and placebo (P=0.54). Trandolapril
plus verapamil and trandolapril alone delayed the onset of microalbuminuria by factors
of2.6and 2.1, respectively. Serious adverse events were similar in all treatment groups.

CONCLUSIONS
In subjects with type 2 diabetes and hypertension but with normoalbuminuria, the use of
trandolapril plus verapamil and trandolapril alone decreased the incidence of microalbu-
minuria to a similar extent. The effect of verapamil alone was similar to that of placebo.
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YPE 2 DIABETES MELLITUS IS A PUBLIC
health concern, and projections of its fu-
ture effect are alarming. According to the
World Health Organization, diabetes affects more
than 170 million people worldwide, and this num-
berwill rise to 370 million by 2030.* About one third
of those affected will eventually have progressive de-
terioration of renal function.? The first clinical sign
of renal dysfunction in patients with diabetes is gen-
erally microalbuminuria (a sign of endothelial dys-
function that is not necessarily confined to the kid-
ney),* which develops in 2 to 5 percent of patients
per year.>® In type 2 diabetes, unlike type 1 diabe-
tes,” microalbuminuria is seldom reversible® but,
instead, progresses to overt proteinuria in 20 to 40
percent of patients.®° In 10 to 50 percent of pa-
tients with proteinuria, chronic kidney disease de-
velops that ultimately requires dialysis or transplan-
tation.**3 Forty to 50 percent of patients with type
2 diabetes who have microalbuminuria eventually
die of cardiovascular disease’*1>; this is three times
as high arate of death from cardiac causes as among
patients who have diabetes but have no evidence of
renal disease.®
In patients with diabetes and renal disease, low-
ering blood pressure and the levels of urinary al-
bumin is effective in reducing the risk of end-stage
renal disease as well as that of myocardial infarc-
tion, heart failure, and stroke.® Angiotensin-con-
verting—enzyme (ACE) inhibitors or angiotensin II
antagonists appear to be the most effective anti-
hypertensive agents.*>*%17°21 Data are available,
although less consistent, that suggest that non-
dihydropyridine calcium-channel blockers also
may lower levels of urinary albumin®? and the pro-
gression of renal disease®® and that the combi-
nation of non-dihydropyridine calcium-channel
blockers and ACE-inhibitor therapy is even more
effective.22"2* Treatment with the ACE inhibitor enal-
april over a period of six years decreased the inci-
dence of microalbuminuria in patients with type 2
diabetes who were normotensive and not obese.?
An unresolved issue is whether any of these
medications can prevent microalbuminuria when
given to patients with hypertension, type 2 diabe-
tes, and normal urinary albumin excretion. The Ber-
gamo Nephrologic Diabetes Complications Trial
(BENEDICT),?¢ a multicenter, double-blind, place-
bo-controlled, randomized study, approached this
issue by examining the effects of the ACE inhibitor
trandolapril in combination with the non-dihydro-

pyridine calcium-channel blocker verapamil, tran-
dolapril alone, verapamil alone, and placebo on the
incidence of microalbuminuria.

METHODS

We enrolled subjects who were 40 years of age or
older and had hypertension and a known history
of type 2 diabetes mellitus not exceeding 25 years,
a urinary albumin excretion rate of less than 20 g
per minute in at least two of three consecutive,
sterile, overnight samples, and a serum creatinine
concentration of no more than 1.5 mg per deciliter
(133 pmol per liter). Arterial hypertension was de-
fined as an untreated systolic blood pressure of
130 mm Hg or more or a diastolic blood pressure
of 85 mm Hg or more or as the need for antihy-
pertensive therapy to attain a systolic or diastolic
blood pressure under these levels.?”%® Type 2 dia-
betes was diagnosed according to the criteria of
the World Health Organization. Subjects with a gly-
cosylated hemoglobin level of 11 percent or greater,
nondiabetic renal disease, and a specific indication
for or contraindication to ACE-inhibitor therapy or
non-dihydropyridine calcium-channel blocker ther-
apy were not included.?®

All subjects provided written informed consent.
The protocol was in accordance with the Declaration
of Helsinki and was approved by the institutional
review board ateach center and the BENEDICT safe-
ty committee. This was an independent, academic
study thatwas designed, conducted, and monitored
by the Mario Negri Institute for Pharmacological
Research. The principal investigator and the study
coordinator wrote the protocol for the study and
wrote the article. Dr. Richard Kay (Parexel Inter-
national) designed the statistical analysis plan and
provided suggestions for the statistical analysis,
and Dr. Stuart Kupfer (Abbott) and Dr. Ruth Camp-
bell (Division of Nephrology, University of Alabama,
Birmingham) revised the paper.

After a six-week washout period during which
any previous therapy with agents that inhibit the
renin—angiotensin system was discontinued, and a
three-week washout period during which any pre-
vious therapy with non-dihydropyridine calcium-
channel blockers was discontinued, eligible sub-
jects were randomly assigned to receive one of the
study treatments: the non-dihydropyridine calcium-
channel blocker verapamil (in a sustained-release
formulation, at a dose of 240 mg per day), the ACE
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inhibitor trandolapril (2 mg per day), the combina-
tion of verapamil (in a sustained-release formula-
tion, 180 mg per day) plus trandolapril (2 mg per
day), or placebo.

The target blood pressure was 120/80 mm Hg.?°
Additional antihypertensive drugs were allowed, to
achieve the target blood pressure, in the following
steps: step 1, hydrochlorothiazide or furosemide;
step 2, doxazosin, prazosin, clonidine, methyldopa,
or beta-blockers (allowed on the basis of specific
indications, such as cardiac ischemic disease, but
only if not contraindicated on the basis of elec-
trocardiographic findings, such as bradyarrhyth-
mias and delayed atrioventricular conduction); and
step 3, minoxidil or long-acting dihydropyridine cal-
cium-channel blockers. The use of potassium-spar-
ing diuretics, inhibitors of the renin-angiotensin
system, and non-dihydropyridine calcium-channel
blockers different from the study drugs was not al-
lowed. The subjects continued to receive their usual
care for diabetes. A target glycosylated hemoglo-
bin level of less than 7 percent was recommended
for all subjects. No restriction of dietary salt or pro-
tein was implemented.

Blood pressure and randomly collected morn-
ing urine samples were evaluated at the time of
randomization, at one week, one month, and three
months after randomization, and every three months
thereafter. Blood glucose, serum potassium, sodi-
um, urea, and creatinine levels were measured at
baseline and every three months thereafter. Glyco-
sylated hemoglobin levels, urinary albumin excre-
tion, and other laboratory values, including levels
of serum cholesterol (total lipoprotein, high-den-
sity lipoprotein, and low-density lipoprotein) and
triglycerides, were also measured at randomiza-
tion and every six months thereafter. Additional
evaluations were performed within one week after
any change in antihypertensive therapy and when-
ever deemed clinically appropriate. All evaluations
were also performed at the end of the study (after
the last subject to have undergone randomization
completed three years of treatment) and whenever
subjects reached an end point.?®

MEASUREMENTS

Trough systolic and diastolic (Korotkoff phases I
and V, respectively) blood pressures were recorded
as the mean of three morning measurements (to the
nearest 2 mm Hg) taken before the administration
of a study drug. The trough mean blood pressure
was calculated as the diastolic blood pressure plus

one third of the pulse pressure. Subjects with a uri-
nary albumin concentration of less than 20 pg per
milliliter (Micral test I, Boehringer Mannheim) in
randomly collected urine samples without findings
in the sediment suggestive of infection or nondia-
betic glomerular disease submitted three timed
overnight urine samples collected in bottles with a
preservative (thimerosal, Sigma Chemical; 0.5 ml of
asolution of 1 g per liter per bottle; and sodium hy-
droxide, 0.5 ml of a solution of 4 mol per liter per
bottle). Subjects with urinary albumin excretion un-
der 20 pg per minute in at least two of three collec-
tions were categorized as having normal urinary
albumin excretion. Urinary albumin excretion was
measured at the coordinating center with the use of
nephelometry (Beckman Array System). Laboratory
measurements were also evaluated centrally by
means of a Beckman Syncron Cx5 instrument and
a Coulter Maxm (Beckman Coulter). Glycosylated
hemoglobin was measured with the use of ion-
exchange high-performance liquid chromatogra-
phy (normal range, 3.53 to 5.21 percent).>®

SAMPLE SIZE

The primary measure of efficacy was the time to the
onset of persistent microalbuminuria (urinary al-
bumin excretion, 20 pg per minute or greater in at
least two of three consecutive overnight urine col-
lections and confirmed after approximately two
months in at least two of three consecutive over-
night urine collections®3°). Assuming a three-year
incidence of microalbuminuria of 9.5 percent in
the placebo group®? and of 3.1 percent in the com-
bination-therapy group, a total of 225 subjects in
each of the four groups was calculated as necessary
to provide the study with 80 percent power to de-
tecta difference of this magnitude over a three-year
follow-up period, with the use of a two-sided test
with a typeerror of 5 percent.?° In order to account
for possible dropouts, an enrollment of 300 sub-
jects in each of the four groups was planned.

STATISTICAL ANALYSIS

For the analyses of the primary and secondary effi-
cacy end points, the full set of data was used, in-
cluding data on all subjects who underwent ran-
domization —with the exception of four who never
took study medication and one additional subject
who was found at randomization to have microal-
buminuria. For the safety analyses, the safety analy-
ses set of data was used, excluding only the four
subjects who never took the study medication. The
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Table 1. Baseline Characteristics of Patients Randomly Assigned to Study Drugs.*
Trandolapril

Characteristic (N=301)
Age —yr 61.6+8.1
Male sex — no. (%) 157 (52.2)
Body-mass indexy 29.1+4.7
Known duration of diabetes — yr 7.7£6.7
Smoking status — no. (%)

Never smoked 169 (56.1)

Former smoker 91 (30.2)

Current smoker 41 (13.6)
Glycosylated hemoglobin — %3 5.8+1.4
Glucose — mg/d| 160.9+46.8
Trough blood pressure — mm Hg

Systolic 150.8+14.8

Diastolic 87.4+7.7

Mean arterial pressure 108.6+8.6
Urinary albumin excretion — pig/minf  5.02 (3.47-8.89)
Serum creatinine — mg/dIq 0.9+0.2
Triglycerides — mg/d|| 147.0+82.3
Cholesterol — mg/dI**

Total 207.2£37.4

Low-density lipoprotein 160.0+36.4

High-density lipoprotein 46.9+12.2

Verapamil plus

Verapamil Trandolapril Placebo
(N=303) (N=300) (N=300)
62.5+8.2 62.7+7.7 62.6+8.2
164 (54.1) 165 (55.0) 149 (49.7)
29.5+4.6 29.2+5.3 28.6+4.2
8.2+6.4 7.7£6.7 7.8+6.8
185 (61.1) 157 (52.3) 187 (62.3)
88 (29.0) 107 (35.7) 76 (25.3)
30 (9.9) 36 (12.0) 37 (12.3)
5.9+1.3 5.8+1.4 5.8+1.4
162.6+47.7 160.8+47.0 161.4+47.2
150.1+13.1 150.5+13.3 151.9+15.4
87.5+7.2 87.3+8.1 87.7+7.6
108.4+7.7 108.3+8.4 109.1+8.7
5.91 (3.76-10.55)  5.31 (3.54-9.24) 5.07 (3.55-8.78)
0.9+0.2 0.9+0.2 0.9+0.2
143.2+87.7 147.5+£79.5 147.0+£79.8
210.1+36.9 206.9+34.3 215.1+38.0
163.4+36.0 159.7+34.0 168.0+37.5
46.9+12.1 47.0£12.2 46.9+11.9

Plus—minus values are means +SD.

3.5 to 5.2 percent).2?
§ Values shown are medians (interquartile ranges).

- The body-mass index is the weight in kilograms divided by the square of the height in meters.
i Glycosylated hemoglobin was measured by ion-exchange high-performance liquid chromatography (normal range,

9§ To convert values for serum creatinine to micromoles per liter, multiply by 88.4.
| To convert values for triglycerides to millimoles per liter, multiply by 0.01129.
**To convert values for cholesterol to millimoles per liter, multiply by 0.02586.

analyses were performed according to the random-
ly assigned treatment. Completeness of the follow-
up was the same in the four treatment groups.

The primary end point of the time to the onset of
microalbuminuria was measured from the date of
administration of the first study drug and gave rise
to interval-censored data.3"32 The interval-censor-
ing method takes into account the fact that the true
date of the development of microalbuminuria lies
within the last time the subject had normoalbumin-
uria and the first time the subject had microalbu-
minuria validated. This operational definition of mi-
croalbuminuria and its confirmation were applied
by staff blinded to the randomized treatment as-
signments.

The primary analysis (i.e., the comparison be-

tween trandolapril plus verapamil and placebo) used
the accelerated failure-time model with log nor-
mal error structure, implemented with the PROC
LIFEREG procedure (SAS), which allowed the di-
rect incorporation of interval-censored data3%3?
and took into consideration site, age, sex, smoking
status (patients who had never smoked as com-
pared with former smokers and current smokers),
diastolic blood pressure, and log-transformed uri-
nary albumin excretion (median of three readings)
at baseline.

Secondary, exploratory analysis included follow-
up systolic and diastolic blood pressure. The magni-
tude of the treatment effect was assessed by calcu-
lating the acceleration factor. This factor quantifies
the effect of one treatment relative to another treat-
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Table 2. Treatments in Patients with Type 2 Diabetes and Normal Urinary Albumin Excretion at Baseline and during Follow-up.*

Treatment Baseline Follow-up
Verapamil Verapamil
plus plus
Trandolapril Verapamil Trandolapril Placebo Trandolapril Verapamil Trandolapril Placebo
(N=301)  (N=303) (N=300) (N=300) (N=301)  (N=303)  (N=300) (N=300)
number (percent)
Glucose-lowering regimen
Diet alone 79 (26.2)  92(30.4) 96 (32.0) 88 (29.3) 51(16.9) 62 (205) 72 (24.0) 61 (20.3)
Oral hypoglycemic agent 195 (64.8) 169 (55.8) 165 (55.0) 175(58.3) 199 (66.1) 183 (60.4) 175 (58.3) 186 (62.0)
Insulin and oral 15(5.00  25(83)  19(6.3) 19 (6.3) 36 (12.0)  45(149)  34(113) 36 (12.0)
hypoglycemic agent
Insulin alone 12 (4.0) 17 (5.6) 0(6.7) 18 (6.0) 15 (5.0) 13 (4.3) 19 (6.3) 7(5.7)
Antihypertensive agents
Any 172 (57.1) 162 (53.5) 161 (53.7) 169 (56.3) 193 (64.1) 188 (62.0) 165 (5 201 (67.0)
Diuretic 66 (21.9) (2 1)  58(19.3) (21 7) (16 9) 65 (21.5) 1(17.0) 65 (21.7)
Beta-blocker 1(10.3) 24 (7.9) 23 (7.7) 5(8.3) 9 (9.6) 21 (6.9) 6 (8.7 29 (9.7)
Calcium-channel blocker 73 (24.3) 88 (29.0) 87 (29.0) (30 0) 79 (26.2) 77 (25.4)% 74 (24.7)% 98 (32.7)
(dihydropyridine)
Sympatholytic agent 68 (22.6) 63 (20.8) 59(19.7) 56(18.7) 137 (45.5); 149 (49.2) 109 (36.3)§ 163 (54.3)
Lipid-lowering agents
Any 38 (12.6) 29 (9.6) 35(11.7) 36 (12.0) 57 (18.9)  62(20.5) 66 (2 72 (24.0)
Statin alone 25(8.3)  10(3.3)  27(9.0) 25(8.3) 39(13.0) 35 (1163 48 (1 54 (18.0)
Fibrate alone 11(3.7)  18(5.9) 5(L.7) 8(2.7) 9 (3.0) 16 (5.3) 11 3. 10 3.3)
Statin and fibrate 1(0.3) 0 1(0.3) 2(0.7) 7(2.3) 8 (2.6) 41 5(L.7)
Antiplatelet agent 7(2.3) 7(2.3) 7 (2.3) 7 (2.3) 26 (8.6) 25 (8.3) 25 (8. 19 (6.3)
* All differences between the treatment groups and the placebo group, other than those shown, were not significant.
T P<0.01 for the comparison with placebo.
I P<0.05 for the comparison with placebo.
§ P<0.001 for the comparison with placebo.
ment in accelerating or slowing the progression of and of randomly assigned treatment with non-
the disease.32 The 95 percent confidence interval dihydropyridine calcium-channel blockers (tran-
for the acceleration factor was found by determin- dolapril plus verapamil or verapamil alone) or with-
ing the confidence limits around the logarithm of out non-dihydropyridine calcium-channel blockers
the acceleration factor and then calculating the (trandolapril alone or placebo) were compared.
exponentials of these confidence limits. The pri- A Cox regression model>? was also applied, to
mary comparison was made at a significance level ensure the robustness of the results. For graphical
0f0.05. representation, Kaplan—Meier curves were plotted
Secondary objectives involved comparisons of for each treatment group, with the use of the mid-
trandolapril or the sustained-release formulation point of the intervals as event times. Adverse events
of verapamil with placebo. This comparison was were coded with the use of the Hoechst Adverse Re-
carried out in the same way as that for the combi- action Terminology System classification. Multiple
nation of trandolapril plus verapamil with placebo, reports of the same event were counted only once,
but the significance level was set at 0.025 to ac- and the least favorable report was used. Fatal and
count for the use of Bonferroni’s correction.?® In nonfatal adverse events were separately reported
addition, for exploratory purposes, the results of according to treatment group and overall.
randomly assigned treatment with an ACE inhibitor The data were entered with the use of a Microsoft
(trandolapril plus verapamil or trandolapril alone) Access software user interface and were exported
or without an ACE inhibitor (verapamil or placebo) and analyzed with the use of SAS software (ver-
N ENGL ) MED 351,19 WWW.NEJM.ORG NOVEMBER 4, 2004 1945
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sion 8). Dichotomous and polychotomous base-
line characteristics of the patients were compared
with the use of the chi-square test or Fisher’s exact
test, and continuous characteristics were compared
with the use of the Wilcoxon rank-sum test. The
data were presented as numbers and percentages,
means =SD, or medians and interquartile ranges,
as appropriate. All P values are two-sided.

RESULTS

A total of 1209 subjects were randomly assigned
to one of four treatments, and of those, 1204 were
followed for a median of 3.6 years (interquartile
range, 1.3 to 4.3) (see the Supplementary Appen-
dix, available with the full text of this article at
www.nejm.org). The follow-up period was similar
for all four groups. The baseline demographic, clin-
ical, and biochemical characteristics of the patients
were balanced among the treatment groups (Ta-
ble 1). The medications taken by the subjects at
baseline and during follow-up are shown in Table 2.

TRANDOLAPRIL PLUS VERAPAMIL AS COMPARED
WITH PLACEBO

Persistent microalbuminuria developed in 17 of
the 300 subjects receiving trandolapril plus ver-
apamil (5.7 percent), as compared with 30 of the
300 subjects receiving placebo (10.0 percent). Kap-

Subjects with Microalbuminuria (%)

No. at Risk
Verapamil plus
trandolapril

Placebo

—
w
1

—
o
1

w
1

o
o %
(<)}

Placebo

Verapamil
plus
trandolapril

12 18 24 30 36 42 48

Follow-up (months)

300 249 232 217 210 201 192 162 115

300 229 214 203 187 176 164 136 89

time model.

Figure 1. Kaplan—Meier Curves for the Percentages of Subjects with Microal-
buminuria during Treatment with Trandolapril plus Verapamil or Placebo.
The difference between the two groups, adjusted for prespecified baseline
covariates,?® was significant (P=0.01) according to the accelerated failure-
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lan—Meier curves for these two treatment groups
clearly separated at three months (Fig. 1). The esti-
mated acceleration factor when we controlled for
predefined baseline variables was 0.39 (95 percent
confidence interval, 0.19 to 0.80; P=0.01) in the
trandolapril-plus-verapamil group as compared
with the placebo group. Thus, the combination of
trandolapril and verapamil significantly delayed
the onset of microalbuminuria, by a factor of 2.6.
The unadjusted comparison provided similar re-
sults. After separate adjustment for systolic and
diastolic blood pressure at follow-up visits, the ac-
celeration factor accounting for systolic blood
pressure was 0.46 (95 percent confidence interval,
0.22 to 0.93; P=0.03) and that accounting for dia-
stolic blood pressure was 0.46 (95 percent confi-
dence interval, 0.22 to 0.95; P=0.04).

TRANDOLAPRIL ALONE OR VERAPAMIL ALONE
AS COMPARED WITH PLACEBO

Persistent microalbuminuria developed in 18 of
the 301 subjects in the trandolapril group (6.0 per-
cent) and in 36 of the 303 subjects in the verapa-
mil group (11.9 percent). Kaplan—Meier curves for
the two groups clearly separated at three months
and continued to diverge (Fig. 2A). The accelera-
tion factor after control for predefined baseline var-
iables was 0.47 (95 percent confidence interval,
0.26 to 0.83; P=0.01) in the trandolapril group as
compared with the placebo group. Thus, the use of
trandolapril significantly delayed the onset of mi-
croalbuminuria, by a factor of 2.1. The unadjusted
comparison confirmed this result. After separate
adjustment for systolic and diastolic blood pres-
sure at follow-up visits, the acceleration factor was
0.50 (95 percent confidence interval, 0.28 to 0.90;
P=0.02) and 0.52 (95 percent confidence interval,
0.30 to 0.92; P=0.03), respectively. The accelera-
tion factor after control for predefined baseline var-
iables was 0.83 (95 percent confidence interval, 0.45
to 1.51; P=0.54) in the verapamil group as com-
pared with the placebo group (Fig. 2B). Without ad-
justment for baseline covariates, the acceleration
factor was 1.34 (95 percent confidence interval, 0.67
to 2.68; P=0.41). Verapamil did not significantly
delay the onset of microalbuminuria, even after we
controlled for systolic and diastolic blood pressure
at follow-up visits.

Trandolapril plus verapamil or trandolapril alone
was associated with a delayed onset of microalbu-
minuria as compared with verapamil. The acceler-
ation factor controlling for predefined baseline var-
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