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The present study aimed to examine the
effects of long-term treatment with the
angiotensin- converting- enzyme- inhibitor
quinapril on markers of inflammation in
patients requiring coronary artery bypass
grafting. We performed a subgroup
analysis of a prospective, placebo-con-
trolled, randomized, multi-center study
evaluating quinapril 40 mg. once daily in
patients scheduled to undergo elective
coronary artery bypass grafting. Levels of
s-ICAM and C-reactive protein were
measured at baseline (≥4 weeks before
surgery) and 1 year after coronary artery
bypass grafting. A total of 87 subjects were
studied; 42 subjects used quinapril (q) and
45 subjects obtained a placebo (p). There
was no difference in baseline levels of s-
ICAM between both groups (142.2 µg/L vs.
136.6 µg/L). We found a significant
reduction in levels of s-ICAM-1 in patients
using quinapril (142.2 ± 10.8 µg/L vs.
125.6 ± 9.4 µg/L, P <0.05), whereas no
differences were found in the placebo
group (136.6 ± 10.2 µg/L vs. 131.2 ± 11.7
µg/L, P =n.s.). Levels of C-reactive protein
remained unchanged in both groups (3.70
± 0.85 vs. 2.73 ± 0.32 mg/L (q), 2.85 ±
0.48 vs. 3.16 ± 0.50 mg/L (p)). We con-
clude that treatment with quinapril reduces
levels of soluble ICAM in patients with
established coronary artery disease re-
quiring coronary artery bypass grafting.
These results suggest that the beneficial
effects of angiotensin-converting-enzyme-
inhibitors in the treatment of cardio-
vascular disease may partly be due to a
reduction of the vascular inflammatory
response.

INTRODUCTION

Recently, the Heart Outcomes Prevention
Evaluation trial demonstrated that angio-
tensin-converting-enzyme (ACE)-inhibi-
tors reduce the mortality from athero-
sclerotic vascular disease [1]. It has been
accepted that ACE-inhibitors not only
work through their hemodynamic effects,

but that several additional mechanisms
account for their ability to reduce mortality
from atherosclerotic cardiovascular disease
as well [2;3].

An activated renin angiotensin system
is known to facilitate atherosclerosis [4;5].
This is most probably due to effects of
angiotensin II on endothelial cells. In vitro
work by Pueyo et al. [6] showed that
angiotensin II induces oxidative stress in
the endothelial cell, causing activation of
the transcription factor NF-κB, finally,
leading to increased expression of the
vascular cell adhesion molecule VCAM.
Angiotensin II also increased expression
and shedding of the intercellular adhesion
molecule-1 (ICAM-1) on endothelial cells
[7]. Furthermore, angiotensin II infusion in
vivo leads to increased levels of soluble
ICAM-1 [7].

A crucial step in the process of
atherosclerosis is the adhesion of mono-
cytes and T-lymphocytes to the endo-
thelium [8;9]. This enhanced adhesion is
facilitated by increased expression of so-
called cell adhesion molecules (CAM) on
endothelial cells and circulating leuko-
cytes. Soluble forms of these CAMs can be
found in higher levels in the circulation of
patients with risk factors for or overt
atherosclerotic disease [10-12].

Until now, the effects of chronic
treatment with ACE-inhibitors on the
levels of soluble adhesion molecules in
patients with atherosclerotic disease has
not been investigated. The present study
aimed to determine the effects of chronic
ACE-inhibition on levels of s-ICAM and
C-reactive protein, in patients with
established coronary artery disease re-
quiring coronary artery bypass grafting.

MATERIALS AND METHODS

Patients and design
The current study was performed in a
subgroup of patients that participated in a
prospective, randomized, controlled trial
[13]. The subgroup was solely defined by
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the availability of a blood sample at
baseline and one after one year. The
original trial (QUO VADIS) was designed
to evaluate the effects of angiotensin
converting enzyme-inhibition on the
occurrence of ischaemic events up to one
year post-CABG. Therefore, 149 patients
were scheduled to undergo elective
coronary artery bypass grafting. Con-
secutive patients were included between
october 1994 to february 1997. Patients
were randomized to blinded oral treatment
with quinapril (Pfizer Inc., Capelle aan de
IJssel, The Netherlands) 40 mg once daily
or placebo. Study design, in- and exclusion
criteria are extensively described else-
where [14]. Briefly, patients were eligible
for enrolment, if the study drug could be
administrated for at least 7 days im-
mediately prior to surgery. Patients were
excluded if they had used an ACE-
inhibitor or angiotensin II-receptor anta-
gonist in the past 2 years. Patients with
known intolerance to ACE-inhibitors, a
history of angioedema, symptomatic heart
failure, aortic stenosis, hypertrophic
obstructive cardiomyopathy, left ventri-
cular hypertrophy, severe renal impair-
ment, functional renal artery stenosis, a
renal transplant, primary aldosteronism,
hypokaliemia, severe hypertension, hypo-
tension, atrial fibrillation, obstructive pul-
monary disease, and clinically significant
hematological or biochemical abnor-
malities were not included. Treatment with
diuretics, anti-arrhythmics, digitalis or
tricyclic antidepressants was prohibited.
Coronary artery bypass grafting was
performed at the University Hospital
Groningen and the St. Antonius Hospital
Nieuwegein, The Netherlands. The Institu-
tional Review Board of both participating
centers approved the protocol. Written
informed consent was obtained from all
patients.

Laboratory assessments
Assessments were performed in venous
blood obtained at baseline visit and one
year after coronary artery bypass grafting.
The samples had been stored at -80°C
directly after sampling. Only patients of

whom both samples were available were
analyzed. Levels of s-ICAM were deter-
mined using in-house ELISA as described
before [15]. Levels of C-reactive protein
were measured using a high-sensitivity C-
reactive protein ELISA assay displaying a
sensitivity of 20 ng/L, as previously
reported [16]. Both samples have been
analyzed at the same time in duplicate
using the same batch of reagents. No other
measurements have been performed.

Statistical analysis
A P-value <0.05 was considered stati-
stically significant. The baseline de-
scriptive statistics for the continuous
variables are the mean and standard error
of the mean. For normally distributed
continuous variables, differences between
quinapril and placebo were evaluated by a
two-sided Student’s T-test. For skewed
distributed continuous endpoints (P-value
Shapiro-Wilk test for normality <0.05), a
Wilcoxon 2-sample test was used. Quali-
tative parameters (categorical or ordered),
frequency counts and percentages of each
category were calculated by treatment
group. Differences between quinapril and
placebo were then evaluated using a Chi-
square test.

To evaluate the effect of quinapril
versus placebo on the change of levels of
s-ICAM from baseline to 1 year, a repeated
measurement analysis of variance was
used. Clinically relevant co-variates with a
P-value <0.20 in univariate analysis were
considered as potential confounders and
included in a multi-variable model. To
evaluate the change of s-ICAM within the
treatment subgroups, two additional re-
peated measurement analysis of variance
were performed in the quinapril treated
patients and placebo treated patients
separately. For additional computations of
correlations between s-ICAM and C-
reactive protein, the Spearman’s cor-
relation coefficient, with accompanying P-
values were calculated (Prob > |R| under
Ho:Rho = 0). For all analyses, com-
mercially available computer software
(Statistical Analysis System version 6.12,
SAS Institute, Cary NC) was used.
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Table 1.. Baseline characteristics of included versus excluded patients.

Included (N=87) Excluded (N=62) P-value

Age (y) 63(±0.9) 61(±1.2) 0.52
Male (N(%)) 75(86) 51(82) 0.65
Medical history Myocardial infarction (N(%)) 36(41) 27(44) 0.87

Cardiovascular intervention
(N(%))

11(13) 9(15) 0.81

Hypertension (N(%)) None 69(79) 46(74) 0.49
Past 3(3) 1(1)
Current 15(17) 15(24)

Diabetes mellitus (N(%)) 9(10) 0(0) 0.01

Smoking (N(%)) None 15(17) 11(18) 0.1
Past 56(64) 42(76)
Current 16(18) 4(6)

Family history of cardio-
vascular disease (N(%))

38(44) 26(42) 0.87

Co-medication ASA (N(%)) 70(80) 43(69) 0.13
Coumarines (N(%)) 13(15) 20(32) 0.02
Beta-blockers (N(%)) 78(90) 51(83) 0.23
Calcium antagonists (N(%)) 66(76) 42(68) 0.35
Nitrates (N(%)) 66(76) 54(87) 0.1
Lipid lowering (N(%)) 36(41) 20(32) 0.3

Blood pressure (mmHg) Systolic 143(±1.9) 145(±2.6) 0.66
Diastolic 84(±1.0) 85(±1.1) 0.94

Body mass index (kg/m2) 26(±0.3) 27.5(±0.4) 0.02
NYHA Class I (N(%)) 4(5) 1(1) 0.46

Class II 36(42) 25(40)
Class III 44(51) 32(52)
Class IV 1(2) 4(7)

Total cholesterol (mmol/L) 6.23(±0.14) 6.25(±0.15) 0.72
HDL-cholesterol (mmol/L) 1.02(±0.03) 1.16(±0.05) 0.01
LDL-cholesterol (mmol/L) 4.21(±0.12) 4.30(±0.13) 0.58
Triglycerides (mmol/L) 2.09(±0.15) 1.88(±0.15) 0.34

Data are expressed as means ± SEM. N (%) equals the number of patients (%). A P-value < 0.05 is considered as clinically
significant.

RESULTS

Patient characteristics
From the 149 patients who entered the
prospective trial [13], only 87 patients gave
both blood samples: i.e. at baseline and
after follow-up. From the other patients
either a baseline sample or a follow-up
sample was missing. Since the analyzed
patients were originally randomized to a
larger cohort, baseline characteristics of
in– and excluded patients have been com-
pared (table 1). Diabetes mellitus occurs
more frequently in the included patients
(10 % vs. 0 %, P < 0.01). They also had
lower levels of HDL-cholesterol (1.02 ±

0.12 vs. 1.16 ± 0.05, P = 0.01) and used
more coumarines (32 % vs. 15 %, P <
0.05). The included patients were less
obese than the excluded patients (BMI 26
± 0.3 kg/m2 vs. 27.5 ± 0.4 kg/m2, P < 0.05)
(table 1).

From the 87 eligible patients 45 were
assigned to placebo and 42 used quinapril.
Both groups were similar with respect to
key demographics except for a positive
family history for cardiovascular diseases
(31.1 % (p) vs. 57.1 % (q), P = 0.02). Also
the number of patients with diabetes was
higher in the quinapril treated group (4 %
vs. 17 %, P = 0.08 for trend). Clinically
relevant parameters (table 2) were also
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Table 2. Patient characteristics of the analyzed patients per treatment group at baseline.

Placebo (N=45) Quinapril (N=42) P-value

Age (y) 63 (±1.4) 62 (±1.2) 0.41
Male (N(%)) 38(84) 37(88) 0.76
Medical history Myocardial infarction (N(%)) 16(36) 20(48) 0.28

Cardiovascular intervention
(N(%))

7(16) 4(10) 0.52

Hypertension (N(%)) None 35(78) 34(90) 0.86
Past 2(4) 1(2)
Current 8(18) 7(17)

Diabetes mellitus (N(%)) 2(4) 7(17) 0.08*

Smoking (N(%)) None 9(20) 6(14) 0.66
Past 29(64) 27(64)
Current 7(16) 9(21)

Family history of cardio-
vascular disease (N(%))

14(31) 24(57) 0.02*

Co-medication ASA (N(%)) 34(76) 36(86) 0.29
Coumarines (N(%)) 7(16) 6(14) 1.00
Beta-blockers (N(%)) 45(90) 38(91) 1.00
Calcium antagonists (N(%)) 34(76) 32(76) 1.00
Nitrates (N(%)) 36(80) 30(71) 0.45
Lipid lowering (N(%)) 18(40) 18(43) 0.83

Blood pressure (mmHg) Systolic 142 (±2.4) 145 (±3.0) 0.44
Diastolic 82 (±1.4) 85 (±1.3) 0.53

Body mass index (kg/m2) 26 (±0.5) 26 (±0.4) 0.86
NYHA Class I (N(%)) 2(4) 2(5) 0.38

Class II 15(33) 21(51)
Class III 27(60) 17(42)
Class IV 1(2) 1(2)

Total cholesterol (mmol/L) 6.01(±0.16) 6.46(±0.23) 0.19*

HDL-cholesterol (mmol/L) 1.04(±0.04) 1.00(±0.04) 0.83
LDL-cholesterol (mmol/L) 4.14(±0.15) 4.28(±0.19) 0.56
Triglycerides (mmol/L) 1.78(±0.16) 2.42(±0.26) 0.04*

Data are expressed as means ± SEM. N equals the number of patients. A P-value < 0.05 is considered as clinically
significant. * indicates variables that were tested in a multivariate model.

comparable between both groups albeit
that levels of triglycerides were higher in
patients assigned to quinapril (1.78 ± 0.16
mmol/L vs. 2.42 ± 0.26 mmol/L, P = 0.02).
When tested in a multivariate model the
above mentioned parameters had no effects
on the outcome variables. The use of
concomitant medication was not clinically
significant different between placebo and
quinapril group. Even the severity of
coronary artery disease as assessed by the
New York Heart Association classification
(NYHA) was equal in both groups. Other
possible confounding factors such as a
change in blood pressure, triglycerides or
cholesterol levels (table 3) or the inter-

mittent use of salicylates or statins (table 4)
during the study remained unchanged be-
tween both groups at baseline and at the
end of the study.

Levels of s-ICAM
Levels of s-ICAM did not differ
significantly between both groups at
baseline (136.6 ± 10.2 µg/L vs. 142.2 ±
10.8 µg/L, P =ns). Within the quinapril
group levels significantly decreased from
142.2 ± 10.8 µg/L at baseline to 125.6 ±
9.4 µg/L at follow-up (P < 0.05). In
contrast, in the placebo group no change in
levels of s-ICAM was observed (136.6 ±
10.6 µg/L at baseline and 131.2 ± 1.7 µg/L
at the end of the study; figure 1).
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Table 3. Blood pressure and lipid levels at baseline and at the end of the study per treatment group.

Quinapril (N=42) Placebo (N=45)

Baseline End of study Baseline End of study
Blood pressure
  Systolic (mmHg) 145 (±3.0) 151(±2.9) 142 (±2.4) 150 (±3.3)
   Diastolic (mmHg) 82 (±1.4) 84 (±1.6) 85 (±1.3) 85 (±1.4)
Total cholesterol (mmol/L) 6.5 (±1.5) 6.0 (±1.1)  6.0 (±1.1) 5.7 (±1.1)
Triglycerides (mmol/L) 2.4 (±1.7) 1.8 (±1.1) 1.78 (±1.1) 1.7 (±0.9)

Blood pressure and lipid levels are expressed as mean ± SEM. N equals the number of patients.

Three patients had extremely elevated C-
reactive protein levels (> 3 standard de-
viations of the mean) at one of the time
points. To exclude a confounding effect of
obscure concomitant active disease, e.g.
infectious disease, malignancy or systemic
disease (all known to elevate levels of s-
ICAM as well), another analysis without
these 3 patients was performed. It did not
alter the outcome. All 3 patients were
assigned to placebo. Without these patients
mean levels of s-ICAM were 134.5 ± 10.9
µg/L at baseline and 132.5 ± 11.2 µg/L
after one year (N = 42, P = n.s.).

Levels of C-reactive protein
Levels of C-reactive protein were similar
in both groups and did not change during
the study period. In the quinapril group
levels were 3.70 ± 0.85 mg/L at baseline
vs. 2.73 ± 0.32 mg/L after 1 year. In the
placebo group levels were 2.85 ± 0.48
mg/L at baseline vs. 3.16 ± 0.50 mg/L after
1 year. There was a continuous, but rather
weak, correlation between levels of C-
reactive protein and s-ICAM at baseline (R
= 0.30, P < 0.01) and after 1 year (R =
0.29, P < 0.01).

DISCUSSION

Angiotensin converting enzyme-inhibitors
are known to have beneficial effects on the
outcome of left ventricular hypertrophy
and/or chronic heart failure [17;18]. These
effects were attributed mainly to the re-
duction in growth and prevention of
myocardial remodelling. Nowadays, it has
become evident that the atherosclerotic
process underlying the majority of
cardiovascular diseases is beneficially
modified by angiotensin converting
enzyme-inhibition as well [1]. Athero-
sclerosis is nowadays recognized as an
inflammatory disease in which activated
monocytes adhere to the endothelial wall.
So-called adhesion molecules, of which
ICAM is one of the most important,
facilitate this adhesion [8].

This study aimed to evaluate the effect
of angiotensin converting enzyme-in-
hibition on levels of soluble ICAM in
patients with overt atherosclerosis re-
quiring coronary artery bypass grafting
who participated in a randomized placebo-
controlled trial [14]. We found a decrease
in s-ICAM in the group of patients treated
with quinapril whereas no decrease was
found in the placebo group.

Table 4. Use of statins and salicylates (ASA) during the study per treatment group.

  statins (N(%)) ASA (N(%))

Treatment status Quinapril N=42 Placebo N=45 Quinapril N=42 Placebo N=45
  Never 17 (41) 21 (47) 2 (5) 4 (9)
  Discontinued 1 (2) 1 (2) 8 (19) 4 (9)
  Started during study 17 (41) 16 (36) 28 (66) 30 (67)
  Already 7 (17) 7 (16) 4 (10) 7 (16)

Drug use is expressed as number of patients (% of the group); ASA means salicylates. N equals the number of patients.
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The renin-angiotensin system and inflammation
Others have studied the effects of
inhibition of the renin-angiotensin system
on different markers of inflammation.
Gullestad et al. [19] described a reduction
of levels of interleukin-6, an important pro-
inflammatory cytokine, after high dose
angiotensin converting enzyme-inhibition
as compared to low dose. Importantly,
Tsutamoto et al. [20] recently reported that
an angiotensin II type 1 receptor antagonist
decreased levels of several inflammatory
parameters, including s-ICAM. However,
these studies were performed in patients
with chronic heart failure. Therefore, other
mechanisms such as changes in myocardial
remodelling rather than a modification of
the atherosclerotic process may account for
the results. In contrast, in this study the
population is free of clinical heart failure
as well as left ventricular hypertrophy.
Nevertheless a significant reduction of the
serum concentration of s-ICAM in the
quinapril group was demonstrated. The
level of s-ICAM in the placebo group
remained unchanged.

s-ICAM in cardiovascular disease
Levels of s-ICAM were shown to be
powerful independent predictors on the
risk of developing coronary heart disease
in a group of apparently healthy men [21].
Therefore, it can be presumed that a
decrease in levels of s-ICAM reflect a
reduction of the risk for cardiovascular
disease. This assumption is currently
investigated in the BIMED trial, a study to
evaluate the evolution of BIological
Markers of Endothelial Dysfunction in
patients with known ischemia and who are
to undergo a coronary bypass surgery
within one month after the randomization
into the study.
It is known from prior research that
angiotensin II is capable of inducing pro-
inflammatory cellular activity [22-25].
Angiotensin II is present and active in the
most vulnerable parts of the atherosclerotic
plaque [26] and it can elevate levels of s-
ICAM in humans [7]. ICAM-1 is mainly

Figure 1, 2. Levels of s-ICAM or CRP at baseline
and after treatment

expressed on monocytes and endothelial
cells but it can also be found on vascular
smooth muscle cells and even cardiac
myocytes [27]. All these tissues express
receptors for angiotensin II as well and
may contribute to the inflammatory acti-
vity upon stimulation. The reduction in s-
ICAM can be explained by the fact that
quinapril reduces angiotensin II formation
in human vasculature, as was demonstrated
by Oosterga et al. [14] in the same patient
population. On the other hand, ACE-inhi-
bition improves endothelial function by
increasing the bioavailability of nitric
oxide [28].

Angiotensin converting enzyme-inhibitors
and C-reactive protein
Remarkably, the change in levels of C-
reactive protein did not reach statistical
significance upon treatment, although a
weak correlation between levels of s-
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ICAM and C-reactive protein at baseline
and after one year has been obtained. The
latter is in accordance with the fact that
systemic inflammatory markers such as C-
reactive protein are thought to reflect
inflammation in coronary artery disease as
well [29]. Moreover a correlation of C-
reactive protein with levels of s-ICAM has
been reported previously [21]. The use of
high-sensitivity C-reactive protein testing
is nowadays advocated in cardiovascular
disease [30] and it should be noted that
analyses were performed using a high-
sensitivity assay that detects concentrations
as low as 20 ng/L. In contrast to other
cardiovascular medication such as statins
[31], there are no reports so far discussing
the effects of angiotensin converting
enzyme-inhibitors on levels of C-reactive
protein [32]. It can be postulated that not
all drugs that beneficially influence
atherosclerotic disease affect levels of C-
reactive protein. Since C-reactive protein is
synthesized in the liver and statins affect
the hepatic metabolism, they might disturb
the CRP synthesis in the liver. In contrast,
ACE-inhibitors are most effective at the
vessel wall. Therefore it can be hypo-
thesized that both drugs affect the in-
flammatory cascade at a different stage.

The patients reported here were
randomized in a larger cohort and the
original study was not primarily designed
to study the effects of quinapril on levels
of s-ICAM. The number of patients
suffering from diabetes mellitus was
significantly larger in the analyzed sub-
population. They also had lower levels of
HDL-cholesterol and used more cou-
marines. The excluded patient group on the
other hand was more obese. However,
these differences did not influence the
results, since this study population was
selected on base of coincidence i.e. the
availability of two blood samples. The
reported results are not a result of
confounding factors since the possible
confounders as blood pressure, total
cholesterol, use of salicylates or statins
remained unchanged during the trial (tables

3 and 4). If the use of statins would be a
confounder, a change in C-reactive protein
would be expected since statins are known
to effect this acute phase protein [33]. The
study demonstrated that the levels of CRP
were similar throughout the trial in both
groups. However, it should be noted that
the patients treated with quinapril had
higher levels of triglycerides, since it is
described that patients suffering from
hypertriglyceridemia have elevated levels
of soluble cell adhesion molecules, such as
s-ICAM [11]. Nevertheless, a multivariate
model excluded hypertriglyceridemia as a
factor that could have influenced the
outcomes. Although the original QUO
VADIS study [13] reports the occurrence
of clinical end points, the sample size of
this sub-study did not permit the analysis
of the link between s-ICAM and the oc-
currence of clinical endpoints.

In conclusion, this study demonstrated
for the first time that a treatment with
quinapril (40 mg once daily) significantly
reduces the s-ICAM levels in patients with
overt atherosclerosis requiring CABG.
Therefore the hypothesis can be raised that
the beneficial effects of angiotensin con-
verting enzyme-inhibition on the course of
coronary artery disease is partly the result
of a reduced vascular inflammatory res-
ponse found in atherosclerosis as reflected
by decreased levels of s-ICAM. The larger
scaled BIMED trial is currently conducted
to verify the generated hypothesis.
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