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The Additive Beneficial Effects of Ramipril Combined with Candesartan
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Seung Hwan Han, MD, Sang-Jin Lee, MD, Byung Chun Oh, MD,
Kwang Kon Koh, MD and Eak Kyun Shin, MD
Cardiology, Gil Hospital, Gachon University of Medicineand Science, Incheon, Korea

ABSTRACT

Background and Objectives - Ramipril and candesartan have decreased the incidence of new onset diabetes in
large scale randomized clinical studies. Because ramipril and candesartan have distinct mechanisms of action in
the renin angiotensin aldosterone system, we hypothesized that combination therapy would have additive bene-
ficial metabolic effects in patients with hypertension. Subjects and Methods : Thirty-four patients were given
ramipril 10 mg and placebo, ramipril 10 mg and candesartan 16 mg, or candesartan 16 mg and placebo daily in a
randomized, double-blind, placebo-controlled cross-over trial with three treatment arms and two washout pe-
riods (each being 2 months). Results : Ramipril, combination therapy or candesartan significantly increased the
plasma adiponectin levels relative to the baseline measurements by 17 =6% (p=0.038), 25+ 5% (p<0.001), and
14 £ 6% (p=0.016), respectively. Combination therapy significantly increased the plasma adiponectin levels more
than either ramipril or candesartan alone (p=0.020 by ANOVA). Only combination therapy significantly increased
the QUICKI level relative to the baseline measurements (p=0.002). There were no significant correlations
between these changes of the metabolic parameters and reduction of the systolic blood pressure (-0.288 <r<
0.284) and reduction of the diastolic blood pressure (-0.282 <r<0.190). On multivariate analysis, only the
change of adiponectin levels was an independent predictor of the changes in the QUICKI levels (3 =1.549,
p=0.040) following combination therapy. Conclusion : Ramipril in combination with candesartan increases the
plasma adiponectin levels to a greater extent than monotherapy with either drug alone. Only combination therapy
significantly improves insulin sensitivity relative to the baseline measurements. The only predictor for the
improvement of insulin sensitivity is the increase of plasma adiponectin levels by combination therapy. (Korean
Circulation J 2007;37:173—179)
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Fig. 1. The study design. This study was randomized, double-blind, placebo-controlled, with three treatment arms (each 2 months), and crosso-
ver with two washout periods (each 2 months). B1: baseline 1, B2: baseline2, B3: baseline 3.
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Table 1. Effects of ramipril, combined therapy, and candesartan in hypertensive patients

Variables Ramipril (R) Ramipril+candesartan (C) Candesartan (A) p by ANOVA p between groups
Baseline 1 Treatment Baseline 2 Treatment Baseline 3 ~ Treatment R/C R/A C/A

Heart rate 73+£2 73+£2 71+2 75+2 80+2 82+2 0.176

(beat/minute)

Systolic BP (mmHg) 155+1 142427 157£1 13137 1561 13727 <0.001 <0.05 <0.05<0.05

Diastolic BP (mmHg) ~ 95+1 88+2" 96+ 1 80+2"f 95+1 g5+1t <0.001  <0.05 <0.05<0.05

Vasomotor

FMD (%) 3.63+0.27 533£033T 3.60+0.27 6.48+033T 3612026 5.19+0327 <0.001 <0.05 NS <0.05

NTG Dilation (%) 15.65£0.83 15.56£0.79 1503+0.77 15.07%£0.75 15.13+0.75 15.71£0.78 0.739

Metabolic

Adiponectin (#£g/mL) 3.8+04 42£04* 39£04 494067 4.0%+0.4 4.6*0.5* 0.020 <0.05 NS <0.05

Insulin ( 2U/mL) 438+051 4.02+053 434+045 33110387 4.68+042 4.28+0.57 0.188

Glucose (mg/dL) 84+2 85+12 83+2 82+2 85+12 84+£3 0.783

QUICKI 0.428£0.023 0.448 £0.026 0.419+0.012 0.454+0.0170.406£0.011 0.423+0.011 0.439
Others
K+ (mEq/L) 5.0£0.2 5.210.2 4.710.2 524027 49+10.2 554027 0.225

Data are expressed as means = SEM. There were no significant differences among each baseline values. *: p<0.05, T: p<0.01, F: p<0.001 for
comparison with each baseline value. BP: blood pressure, FMD: flow mediated dilation, NTG: nitroglycerin, quantitative insulin-sensitivity
check index (QUICKI)=1/ [log (insulin)+log (glucose)], ANOVA: analysis of variance, R/C: ramipril vs combined therapy, R/A: ramipril vs
candesartan, C/A: combined therapy vs candesartan, NS: not significant
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Fig. 2. The effects of ramipril alone, combined therapy and cande-
sartan alone on plasma adiponectin. A: ramipril, combination the-
rapy, or candesartan significantly increased plasma adiponectin levels
relative to baseline measurements (p=0.038, p<0.001, p=0.016,
respectively). B combination therapy significantly increased plasma
adiponectin levels more than either ramipril or candesartan alone
(p=0.020 by ANOVA). ANOVA! analysis of variance. Vertical line
indicates standard error of mean from the respective baseline.
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Fig. 3. The effects of ramipril alone, combined therapy and cande-
sartan alone on QUICKI. A: only combination therapy significantly
increased QUICKI relative to baseline measurements (p=0.002). B
there were no significant differences of percent changes in QUICK
among 3 groups. QUICKI: quantitative Insulin-Sensitivity Check
Index. Vertical line indicates standard error of mean from the respec-
tive baseline.
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