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AbstrAct

Introduction: Patients with diabetes compli-
cated by hypertension and microalbuminuria 
have elevated cardiovascular risk, and con-
trolling blood pressure in these patients is 
an urgent clinical priority. The present study 
aimed to examine the effects of a fixed-dose 
combination of antihypertensives on blood 
pressure and microalbuminuria. Methods: 
Patients with type 2 diabetes, mild-to-mod-
erate hypertension (diastolic blood pres-

sure 85-105 mmHg, systolic blood pressure  
<160 mmHg, and 24-hour mean systolic 
blood pressure >130 mmHg), and microalbu-
minuria were randomized to 1 year of double-
blind treatment with fixed-dose manidipine/
delapril (n=54) or losartan/hydrochlorothi-
azide (HCTZ) (n=56). Results: Blood pres-
sure was significantly reduced at 1 year 
in both groups (–22.2/–14.6 mmHg and  
–19.5/–14.3 mmHg, for systolic and diastolic 
blood pressure respectively, P<0.001 for each), 
with no significant between-group difference. 
Reductions in microalbuminuria occurred in 
both groups, with mean changes at 1 year 
of –3.9 mg/mmol creatinine (95% CI –5.3, 
–2.5) for manidipine/delapril (P<0.001 vs. 
baseline) and –2.7 mg/mmol creatinine (95% 
CI –4.0, –1.3) for losartan/HCTZ (P<0.001 
vs. baseline and P= 0.199 between groups). 
Glycemia over the 1-year study was largely 
unaffected; the blood glucose concentration 
was reduced from baseline with manidipine/
delapril, although not statistically significant 
(mean change –0.2 mmol/L, P=0.064). Both 
treatments were well tolerated, with discon-
tinuation for adverse events for one (1.9%) 
patient in the manidipine/delapril group 
and two (3.6%) in the losartan/HCTZ group. 
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Conclusions: A fixed-dose manidipine/del-
april combination represents a useful addi-
tion to the treatment options available to 
control hypertension complicated by diabe-
tes and microalbuminuria.

Keywords: antihypertensive drugs; delapril; 
fixed-dose combinations; hydrochlorothi-
azide; hypertension; losartan; manidipine; 
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INtrODUctION

Type 2 diabetes increases the risk of long-
term vascular complications, and amplifies 
the adverse effects of other cardiovascular 
risk factors on prognosis.1 Hypertension 
and microalbuminuria are common among 
the diabetic  population,  and cluster 
with other cardiometabolic risk factors 
associated with insulin resistance and the 
metabolic syndrome.2 The appearance of 
microalbuminuria, an early manifestation 
of vascular dysfunction, heralds a sharp 
increase in the risk of cardiovascular 
disease or clinical renal failure.3 Indeed, 
microalbuminuria is strongly associated 
with other cardiovascular risk factors and 
adverse structural or functional impairments, 
inc lud ing  endothe l i a l  dy s func t ion , 
increased arterial wall thickness, and left 
ventricular hypertrophy.4 The presence of 
microalbuminuria increases the risk of adverse 
cardiovascular outcomes by approximately 
two- to fourfold in diabetic or nondiabetic 
individuals.2,5-7 Patients who progress from 
microalbuminuria to macroalbuminuria 
are more likely to die prematurely from a 
cardiovascular cause than to develop clinical 
nephropathy.8

Es tab l i shment  o f  adequate  b lood 
pressure (BP) control is therefore an urgent 

clinical priority in patients with diabetes 
with hypertension and microalbuminuria. 
Accord ing ly,  cur rent  European and 
American guidelines for the management 
of cardiovascular risk recommend lower 
BP goals for patients with one or both of 
these conditions relative to nondiabetic, 
normoalbuminuric individuals (≤130/≤80 
mmHg vs. ≤140/≤90 mmHg, respectively).9-11 
These guidelines also recommend the 
inclusion of an agent that modulates the 
renin-angiotensin system (an angiotensin 
converting enzyme [ACE] inhibitor or an 
angiotensin II receptor blocker [ARB]) within 
the antihypertensive regimen for patients 
with diabetes and/or renal dysfunction.9-11

Most patients with hypertension require 
more than one antihypertensive agent to 
achieve target BP values, and fixed-dose 
combinations have been introduced to 
facilitate administration.10 The number of 
potential combinations of antihypertensive 
treatments is large and comparative clinical 
evaluations of alternative combinations 
are required. Previous clinical studies have 
identified a potential nephroprotective 
benefit for the calcium channel blocker, 
manidipine, compared with other members 
of this therapeutic class12 and a fixed-dose 
combination of manidipine with the ACE 
inhibitor, delapril, is available.13 Therefore, 
a randomized, double-blind clinical trial 
recently compared the effects on BP of a 
fixed-dose combination of either manidipine/
delapril or losartan/hydrochlorothiazide 
(HCTZ), in patients with diabetes and 
hypertension.14 A prespecified substudy of 
this trial aimed to evaluate the effects of these 
treatments in patients with microalbuminuria 
at baseline and the results of the double-blind 
treatment period of 1 year are presented in 
this report.
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MAtErIALs AND MEtHODs

Study Design

The original study was a double-blind, ran-
domized, parallel-group, international clinical 
trial designed to compare the effects of 1 year 
treatment with either manidipine/delapril or 
losartan/HCTZ in patients with type 2 diabe-
tes and hypertension.14 This substudy included 
patients with microalbuminuria in addition 
to type 2 diabetes and hypertension. Principal 
study endpoints were the effects of manidipine/
delapril or losartan/HCTZ treatments on BP 
and the rate of albumin excretion.

The study was conducted at nine centers 
in Italy, Spain, and Brazil. Patients completed 
a 7-day washout period and were randomly 
assigned to treatment with fixed-dose com-
binations of manidipine (10 mg)/delapril  
(30 mg) or losartan (50 mg)/HCTZ (12.5 mg) 
at a 1:1 ratio using a computer-generated ran-
domization schedule. A dose adjustment was 
available at 12 weeks (additional manidipine 
10 mg or HCTZ 12.5 mg) if required to 
achieve BP goals (BP ≤130/80 mmHg). Patients 
were withdrawn from the study for inade-
quate treatment response (systolic BP [SBP]  
≥160 mmHg or diastolic BP [DBP] ≥105 mmHg) 
and if other antihypertensive medications 
were required.

Patients attended hospital visits at 
3-monthly intervals throughout the 1-year 
study. At each visit, BP was measured in the 
sitting position using a mercury sphygmoma-
nometer. Starting after sitting for 10 minutes, 
SBP and DBP were each measured in tripli-
cate, at 2-minute intervals, and the mean 
value was recorded. As far as possible, at each 
study visit the same person measured BP and 
measurements were made at the same time of 
day. Patients were requested not to take their 

medication on the visit days until their BP 
had been measured in order that all evalua-
tions were at trough drug levels. Blood samples 
were taken, in the fasting condition, at base-
line, and at the final visit for determination 
of glucose and glycated hemoglobin (HbA1c) 
levels at the local laboratories associated with 
each study center. Albuminuria was measured 
as the albumin:creatinine ratio at baseline, 3, 
6, and 12 months using the first voided morn-
ing urine. Safety was assessed from reporting 
of adverse events (AE), coded using standard 
Medical Dictionary for Regulatory Activities 
terminology.

Patients

Eligible patients were men or women aged 
≥45 years, with mild-to-moderate hyperten-
sion (DBP 85-105 mmHg, SBP <160 mmHg, 
and 24-hour mean SBP >130 mmHg), type 2 
diabetes controlled by diet or oral antidiabetic 
treatment (HbA1c <7.5%), and persistent micro-
albuminuria (urinary albumin:creatinine ratio 
2.5-25 mg/mmol for men and 3.5-25 mg/mmol 
for women, confirmed by at least one previous 
test within the last 3 months). Principal exclu-
sion criteria were: clinically significant cardio- 
vascular disease other than hypertension; stage 
III malignant secondary hypertension; ortho-
static hypotension; uncontrolled or insulin-
requiring diabetes; body mass index (BMI)  
>32 kg/m2; or concomitant use of drugs known 
to affect BP. In addition, patients included in 
the baseline assessment but who did not supply 
at least one post-baseline data were excluded 
from the efficacy analysis.

Ethics

The study was conducted in accordance 
with the provisions of the Declaration of 



316 Adv Ther (2009) 26(3):313-324.

Helsinki and local legislation. The Independent 
Ethics Committee was constituted according to 
International Conference on Harmonization/
Good Clinical Practice standards. All patients 
provided written, informed consent in advance 
of enrolment.

Statistics

An intention-to-treat analysis was conducted, 
on a last observation carried forward basis. The 
intention-to-treat population contained all ran-
domized patients who received at least one dose 
of double-blind study medication with at least 

one post-baseline efficacy assessment. The safety 
population included all randomized patients 
receiving at least one dose of double-blind study 
medication.

Analysis of covariance, performed on mean 
changes from baseline to 12 months, was used 
to analyze BP, microalbuminuria, and gly-
cemia. Baseline value was included as a cov-
ariate, and treatment and center were factors. 
The level of statistical significance was set at 
P<0.05. The proportions of patients achieving 
BP goals (BP ≤130/80 mmHg) were calculated 
and tabulated by treatment groups; the normal 
approximation was used to evaluate the confi-

Table 1. Demographic and disease characteristics of enrolled patients at baseline.

 Manidipine/delapril Losartan/HCTZ

 (n=54) (n=56)

Age, years 62.1±8.6 63.3±8.8

      Range 45-81 47-81

Age ≥65 years, % 38.9 46.4

Males, % 59.3 53.6

BMI, kg/m2 27.2±3.9 27.4±3.6

O�ce SBP, mmHg 146.1±7.0 149.1±6.3*

O�ce DBP, mmHg 91.8±4.7 92.8±5.0

Microalbuminuria, mg/mmol creatinine 10.7±5.6 9.6±4.1

Blood glucose, mmol/L 6.8±1.3 6.5±1.4

HbA1c, % 5.9±0.8 5.9±0.7

Duration of hypertension, months 71.4±79.4 84.9±112.3

Duration of diabetes, months 81.1±55.1 74.3±58.1

Smoking status, %

      Smoker 27.8 32.1

      Ex-smoker 25.9 19.6

≥1 previous antihypertensive therapy, % 74 71

≥1 concomitant therapy, % 96 93

≥1 concomitant disease, % 72 71

Statin therapy, % 35 32

Values are mean±SD for continuous variables.
*P=0.018 between groups.
BMI=body mass index; DBP=diastolic blood pressure; HbA1c=glycated hemoglobin; HCTZ=hydrochlorothiazide; 
SBP=systolic blood pressure.
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dence interval and the upper boundary of the 
difference between treatments (losartan/HCTZ 
– manidipine/delapril) compared with the 
equivalence limit of 20% (equivalent to a 2.5% 
one-sided test). It was intended to enroll 120 
patients into the study; no power calculation 
was performed to determine group sizes. 

rEsULts

Patient Characteristics

A total of 110 patients were randomized, 
54 to manidipine/delapril and 56 to losar-
tan/HCTZ; of these, 87 (79%) completed the 
study (43 patients [80%] in the manidipine/
delapril group and 44 patients [79%] in the 
losartan/HCTZ group). The reasons for pre-
mature discontinuation from the study were 
inadequate BP control (9.1%), protocol viola-
tions (5.5%) and AE (2.7%), lost to follow-up 
(1.8%), and poor compliance/patient decision 
(1.8%). There were no apparent differences 
between treatments for discontinuations.

Patients were well matched for demo-
graphic and disease variables at baseline, 

with only mean SBP differing significantly 
between groups (Table 1). Men and women 
were represented approximately equally 
within the patient population. On average, 
patients were overweight with a mean BMI 
of approximately 27 kg/m2. Approximately 
three-quarters of patients had previously 
received at least one antihypertensive medi-
cation. A similar proportion had one or more 
concomitant diseases and almost all were tak-
ing additional medications (most commonly 
oral antidiabetic therapies). Diabetes was rel-
atively well controlled, based on mean val-
ues of fasting blood glucose and HbA1c.

Blood Pressure

Significant decreases from baseline in 
mean SBP and DBP were observed within 
3 months of starting study drug treatment 
and were maintained throughout the study  
(Figure 1). BP was significantly reduced from 
baseline at 1 year in both groups (Table 2), with 
a nonsignificant mean treatment difference of 
2.7/0.4 mmHg between the manidipine/del-
april and losartan/HCTZ groups (P=0.149 and 
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Figure 1. E�ects of manidipine/delapril and losartan/HCTZ on systolic and diastolic blood pressures over time. *Patients 
included in the baseline assessment who did not supply su�cient post-baseline data were excluded from the e�cacy analysis.

3            6           12



318 Adv Ther (2009) 26(3):313-324.

P=0.794 for SBP and DBP respectively). The 
proportions of patients achieving BP goals (BP 
≤130/80 mmHg) also did not differ significantly 
between groups; a higher proportion of patients 
achieved the SBP target in the manidipine/
delapril group (67% vs. 49%), but the differ-
ence was not statistically significant (P=0.081). 
Overall, approximately half of the patient pop-
ulation achieved normalization of BP (BP ≤130/ 
80 mmHg). Similar proportions of patients in 
the manidipine/delapril group (40.7%) and the 

losartan/HCTZ group (46.4%) had not achieved 
these BP targets after 3 months of treatment, and 
thus required an increase in the dose of study 
treatment.

Microalbuminuria

Decreases  f rom basel ine in micro- 
albuminuria were numerically larger in the 
manidipine/delapril group, but there were 
no significant differences between the treat-

Table 2. E�ects of manidipine/delapril and losartan/HCTZ on BP at 12 months and the percentage of patients achieving 
treatment guidelines.
  Manidipine/delapril Losartan/HCTZ P value
 (n=54) (n=55)  for di�erence 

Changes from baseline in BP, mmHg* 

Change in SBP at 12 months –22.2 (–24.8, –19.6)† –19.5 (–22.1, –16.9)†

Treatment di�erence   2.7 (–1.05, 6.4)  0.149

Change in DBP at 12 months –14.6 (–16.4, –12.8)† –14.3 (–16.1, –12.5)†

Treatment di�erence   0.4 (–2.2, 2.9)  0.794

Responders to treatment, % 

SBP ≤130 mmHg 67 49  0.081

DBP ≤80 mmHg 59 53  0.564

SBP ≤130 and DBP ≤80 mmHg 50 44  0.567
*Values are mean (95% CI); †P<0.001 versus baseline.
BP=blood pressure; DBP=diastolic blood pressure; HCTZ=hydrochlorothiazide; SBP=systolic blood pressure.

Figure 2.  E�ects of manidipine/delapril and losartan/HCTZ on microalbuminuria over time. ΔMean treatment di�erence 
(losartan/HCTZ – manidipine/delapril) (95% CI); *P<0.001; †P=0.017 for within-group change from baseline; ‡Patients 
included in the baseline assessment who did not supply su�cient post-baseline data were excluded from the e�cacy analysis.
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ment groups at any time point (Figure 2). Mean 
decreases in albumin excretion in the manidipine/ 
delapril group were –1.0 mg/mmol creatinine 
(95% CI –2.6, 0.6) at 3 months (P=0.225),  
–2.2 mg/mmol creat inine (95% CI 
–3.5, –1.0) at 6 months (P<0.001), and  
–3.9 mg/mmol creatinine (95% CI –5.3, 
–2.5) at 1 year (P<0.001). Corresponding 
changes in the losartan/HCTZ group were  

–0.2 mg/mmol creatinine (95% CI –1.7, 1.4) at 
3 months (P=0.809), –1.5 mg/mmol creatinine 
(95% CI –2.7, –0.3) at 6 months (P=0.017), and 
–2.7 mg/mmol creatinine (95% CI –4.0, –1.3) 
at 1 year (P<0.001). There was no significant 
difference between treatments in the rate of 
microalbuminuria at 1 year (mean treatment 
difference 1.3 mg/mmol creatinine [95% CI 
–0.7, 3.2]; P=0.199).

 Table 3. Percentage of patients in each treatment group reporting AE during the study.

 Manidipine/delapril Losartan/HCTZ

 (n=54) (n=56)

Any AE 50.0 46.4

Any serious AE 1.9 3.6

Withdrew due to AE 1.9 3.6

Treatment-related AE 22.2 14.3

Most common AE*   

Cardiovascular system disorders

      Palpitations 7.4 8.9

Gastrointestinal tract disorders

      Abdominal pain 7.4 3.6

      Diarrhea 5.6 1.8

      Dyspepsia 9.3 1.8

General disorders and admin site conditions

      Asthenia 7.4 7.1

Infections and infestations

      Gastroenteritis 9.3 1.8

      In�uenza 11.1 12.5

Musculoskeletal/connective tissue disorders

      Back pain 1.9 5.4

Nervous system disorders

      Dizziness 9.3 8.9 

      Headache 1.9 8.9

Psychiatric disorders

      Insomnia 0 5.4

Renal and urinary disorders

      Nocturia 5.6 0
*System organ class and individual AE occurring in ≥5% of patients in either group.
AE=adverse events; HCTZ=hydrochlorothiazide.
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Safety and Tolerability

Both treatments were well tolerated and the 
incidence of all-cause AE, serious AE and AE 
considered related to treatment by investiga-
tors was similar between groups (Table 3). Only 
three patients withdrew prematurely for AE: one 
patient in the manidipine/delapril group (1.9%) 
and two patients in the losartan/HCTZ group 
(3.6%). Three serious AE occurred, one case of 
myocardial infarction in each group, and one 
patient hospitalized for a left ventricular intrac-
ardiac thrombus in the losartan/HCTZ group; 
none were considered to be related to study 
treatment. The incidence of individual AE was 
similar between groups.

There were no statistically significant effects 
on glycemia in either group. Mean changes 
from baseline in HbA1c were –0.03% (95% CI 
–0.1, 0.1) in the manidipine/delapril group 
(P=0.580 vs. baseline) and –0.02% (95% CI –0.1, 
0.1) in the losartan/HCTZ group (P=0.700 vs. 
baseline; P=0.900 between groups). The mean 
change from baseline in blood glucose was –0.2 
mmol/L (95% CI –0.5, 0.01) in the manidipine/
delapril group, which did not reach statistical 
significance (P=0.064). This did not differ sig-
nificantly (P=0.265) from the corresponding 
mean change of –0.04 mmol/L (95% CI –0.3, 
0.2) in the losartan/HCTZ group (P=0.750 vs. 
baseline). Body weight was decreased in the 
manidipine/delapril group by 1.0 kg (95% 
CI –1.6, –0.5; P<0.001), and was not signifi-
cantly decreased in the losartan/HCTZ group  
–0.4 kg (95% CI –0.9, 0.2; P=0.189). The between-
group difference in change in body weight was 
not statistically significant (P=0.092).

 

DIscUssION

The manidipine/delapril combination was 
as effective as losartan/HCTZ, an established 

combination treatment for the management 
of hypertension, in controlling BP and reduc-
ing the rate of microalbuminuria in patients 
with type 2 diabetes, hypertension and micro-
albuminuria during 1 year of double-blind 
treatment. More than half of the patients 
who received the fixed-dose manidipine/dela- 
pril combination achieved European and 
American guideline goals for SBP and DBP,9-11 
and half of the population achieved their BP 
targets for both parameters.

The current study was a substudy of a 
larger trial of 314 patients with hyperten-
sion and diabetes with or without microalbu-
minuria.14 The magnitude of the effects on 
BP at 3 months in the microalbuminuric sub-
population studied here (–20/–13 mmHg for 
manidipine/delapril and –19/–14 mmHg for 
losartan/HCTZ) was greater than the effects 
on office BP observed at 3 months in the over-
all population of the trial (–14/–11 mmHg 
and –15/–11 mmHg, respectively),14 despite 
similar baseline BP values (148/92 mmHg and 
147/91 mmHg, respectively). Accordingly, 
the effects of either combination are consist-
ent with a marked reduction in cardiovascu-
lar risk in this particularly high-risk patient 
population.

Other randomized clinical trials have dem-
onstrated similar efficacy with regard to BP 
reduction with a manidipine/delapril com-
bination compared with enalapril/HCTZ15 or 
with irbesartan/HCTZ.16 In addition to con-
trol of BP, inhibitors of the renin-angiotensin 
system appear to have independent effects on 
microalbuminuria.17 The present data with the 
manidipine/delapril combination on micro-
albuminuria are consistent with previous stud-
ies of combination regimens that included 
an inhibitor of the renin-angiotensin system 
and a calcium channel blocker.18,19 Control of 
microalbuminuria is important because it is 



Adv Ther (2009) 26(3):313-324. 321

an established risk factor for cardiovascular 
events and end-stage renal disease.4,20 In previ-
ous investigations, the addition of manidipine 
to candesartan (an ARB) was reported to result 
in a larger reduction in the rate of microalbu-
minuria than the addition of HCTZ to can-
desartan in patients with hypertension with 
type 2 diabetes and microalbuminuria.18 Thus, 
a reduction of albuminuria was observed if 
manidipine was added to ACE inhibitors or 
ARBs, in contrast to results observed with 
first generation dihydropyridine calcium 
channel antagonists, such as amlodipine.19 In 
the MARVAL (MicroAlbuminuria Reduction 
with VALsartan) trial, patients allocated to 
amlodipine did not show any reduction in 
albuminuria despite a significant decrease in 
BP.21 This lack of effect of amlodipine may 
be related to increased intraglomerular pres-
sure.22 In contrast to amlodipine, manidipine 
has been found to dilate the postglomerular 
vessels, with the consequence of decreased 
intraglomerular pressure, in experimental 
studies.12

There was no statistically significant change 
in glycemic regulation in either group. This 
is an important observation because the rate 
of progression of microalbuminuria is partly 
dependent on the severity of hyperglycemia in 
patients with diabetes.23 In the present study, 
blood glucose in the manidipine/delapril 
group was decreased, although not signifi-
cantly (P=0.064), consistent with the observa-
tion in the overall population of a lower need 
for intensification of antidiabetic therapy 
in this group relative to the losartan/HCTZ 
group.14 The effects of study treatments on 
glycemia were broadly consistent with previ-
ous clinical experience; modest improvements 
in glycemic regulation have been observed 
with ACE inhibitors or ARBs in randomized 
trials,24-26 although the effects of ACE inhibi-

tors on insulin sensitivity may be greater than 
those of ARBs.27,28 In contrast, higher doses of 
thiazide diuretics may exacerbate insulin resist-
ance and dysglycemia in diabetic hypertensive 
patients,29 and may increase the risk of devel-
oping diabetes in at-risk subjects.30-32 A recent 
trial demonstrated a significantly lower rate of 
new-onset diabetes in patients randomized to 
trandolapril/verapamil therapy (an ACE inhib-
itor and calcium channel antagonist, respec-
tively) relative to losartan/HCTZ, in agreement 
with the present observations.33 The current 
data are also consistent with those of INVEST 
(International Verapamil-Trandolapril Study), 
in which the addition of trandolapril to the 
regimen of patients randomized to verapamil 
resulted in lower rates of new-onset diabetes 
than those observed when HCTZ was added to 
atenolol.34,35

Other aspects of the safety and tolerability 
profile of the two combinations were compa-
rable. About half of the patient population 
reported an adverse event within the 1 year 
duration of the study. The frequency of dis-
continuations for AE was low and there were 
no serious AE attributed to either treatment. 
The overall tolerability and safety profiles 
of the manidipine/delapril combination are 
suitable for long-term administration to the 
patient population studied here.

A limitation to the present study is that 
it was a subgroup analysis of a larger study 
and, while the overall study was sufficiently 
powered to determine differences in efficacy, 
no power calculation was performed for the 
substudy and this may be under-powered to 
demonstrate differences. However, there were 
clinically relevant reductions from baseline in 
microalbuminuria over time and this would 
warrant further studies that are sufficiently 
powered to examine reductions in microalbu-
minuria with these fixed-dose combinations.
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In conclusion, in this substudy, a fixed-
dose combination of manidipine/delapril was 
as effective as losartan/HCTZ in controlling 
BP and reducing the rate of microalbuminuria 
in patients with type 2 diabetes and hyper-
tension and microalbuminuria, and was well 
tolerated, during 1 year of treatment. The 
fixed combination of manidipine and delapril 
may represent a useful addition to the treat-
ment options available for the management 
of hypertension complicated by diabetes and 
microalbuminuria.
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