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Abstract

Background—Beneficial effects of angiotensin converting enzyme (ACE) inhibitors seem to be
mediated by mechanisms that are partly independent of blood pressure lowering. The present
study evaluates effects of an ACE-inhibitor (i.e. fosinopril) intervention on novel cardiovascular
risk factors.

Methods—Data are from the Trial of Angiotensin Converting Enzyme Inhibition and Novel
Cardiovascular Risk Factors (TRAIN), a double-blind, crossover, randomized, placebo-controlled
trial enrolling subjects aged =55 years and older with high cardiovascular disease risk profile.
Biomarkers of hemostasis (i.e. plasminogen activator inhibitor-1 [PAI-1], D-dimer), inflammation
(i.e. C-reactive protein [CRP], interleukin-6 [IL-6]), and endothelial function (i.e. endothelin-1,
vascular cell adhesion molecule-1 [VCAM-1]) were measured at the baseline, at the mid-term, and
at end of follow-up (after one year) clinic visits. Paired t-test analyses (after Sidak’s adjustment, p
value<0.009) were performed to compare biomarkers modifications after fosinopril/placebo
interventions.

Results—Mean age of the sample (n=290, women 43.4%) was 66.0 years old. No significant
differences were reported for CRP, IL-6, PAI-1, VCAM-1, and endothelin-1 levels in the
comparisons between fosinopril and placebo interventions. D-Dimer was the only biomarker
showing a significant difference between fosinopril intervention (median 0.32 [interquartile range,
IQR 0.22-0.52] pg/mL) and placebo (median 0.29 [IQR 0.20-0.47] pg/mL, p=0.007) when
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analyses were restricted to participants with higher compliance to treatment and receiving the
maximum ACE-inhibitor dosage.

Conclusions—ACE-inhibition does not significantly modify major biomarkers of inflammation,
hemostasis, and endothelial function. Further studies should confirm the possible effect of ACE-
inhibitors on the fibrinolysis pathway.

Keywords

ACE-inhibition; inflammation; clinical trial; coagulation/thrombosis; endothelium; clinical
science; antihypertensive drug

INTRODUCTION

Several therapies, including aspirin, lipid lowering agents, beta-blockers, Angiotensin
converting enzyme (ACE) inhibitors, calcium channel blockers, diuretics, and other
antihypertensive drugs, are available for the prevention of the complications of
atherosclerotic disease. The knowledge of the mechanisms by which these drugs may
prevent cardiovascular events is important for targeting treatments according to the
individual risk profile. In addition to the established cardiovascular risk factors, such as
hypertension and dyslipidemia, novel risk factors are being identified, including markers of
inflammation, impairment of fibrinolysis, and endothelial dysfunction which may be used
for targeting therapies.

ACE-inhibitors have been shown to prevent major cardiovascular outcomes in patients with
heart failure(1:2), diabetes(3-%), hypertension(3-57), and high cardiovascular risk profile(8).
Many beneficial effects of ACE inhibitors seem to be mediated by mechanisms that are
independent of blood pressure lowering. In fact, in the high-risk patients enrolled in the
Heart Outcomes Prevention Evaluation (HOPE) trial, most of the benefits of ramipril
compared to placebo appeared unrelated to blood pressure modifications(®). Moreover, other
clinical trials have suggested that ACE inhibitors may be superior to other drugs for the
prevention of cardiovascular events, despite minimal differences in achieved blood pressure
levels(49).

There is currently very limited knowledge of the therapeutic mechanisms potentially
underlying the benefits from ACE inhibition. It has been suggested that ACE inhibitors may
favorably modify markers of hemostasis (such as plasminogen activator inhibitor-1 [PAI-1]
and the coagulation activation marker D-dimer), inflammation (such as C-reactive protein
[CRP] and interleukin-6 [IL-6]) and endothelial function (such as endothelin-1 and vascular
cell adhesion molecule-1 [VCAM-1]), all of which are associated with atherosclerosis and a
higher cardiovascular risk(®-11).

The impairment of the hemostatic mechanism plays an important role in the development of
the atherosclerotic disease. In patients with type 2 diabetes and hypertension, ACE inhibitors
have been shown to significantly decrease PAI-1 concentrations(12), but evidence is
extremely sparse and results are inconclusive(13:14). A hypothetical anti-inflammatory effect
of ACE inhibitors has also been evaluated in several studies, but with discordant
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results(1>-18). Similarly, though some reports have suggested that the beneficial effects of
ACE inhibitors might stem from improvement in endothelial function(1%), but the available
evidence cannot be considered definitive(29). The main concerns limiting interpretation of
the few clinical trials available examining the effects of ACE-inhibition on novel
cardiovascular risk biomarkers in humans are small sample sizes, short follow-up periods,
and/or adoption of animal models.

In this paper, we present the principal results from the Trial of Angiotensin Converting
Enzyme Inhibition and Novel Cardiovascular Risk Factors (TRAIN; ClinicalTrials.gov
identifier: NCT0051389)(21). This double-blind, crossover, randomized, placebo-controlled
trial was specifically designed to assess the biological mechanisms by which ACE-inhibition
may improve clinical outcomes in persons aged 55 years and older who have a high
cardiovascular disease risk profile. The aim of the present study is to evaluate effects of an
ACE-inhibitor (fosinopril) intervention on a wide spectrum of novel cardiovascular risk
factors.

METHODS
The TRAIN study design

The TRAIN study design is presented in Figure 1. In a crossover design each participant was
randomized to a sequence of treatments. Advantages of this design include the ability to
control for all known and unknown confounding variables with implicit matching of data,
improved recruitment because every participant receives the intervention, and a substantially
higher statistical power compared to the independent parallel groups design. The 6-month
follow-up of active treatment ensured the maximization of the effects on biological markers,
but not the induction of permanent changes in the progression of the disease. For
participants randomized to active intervention during the first, 6-month follow-up of placebo
period was intended to ensure complete wash-out of the drug effects on biological markers.
Previous studies demonstrated that the explored biological changes are fully reversible after
6 months of wash-out(12:22:23) and that a short-term (less than 1 year) treatment with ACE-
inhibitor is unlikely to cause definitive changes in disease progression(8).

Study participants

To be included in the TRAIN study, participants had to present with at least one of the
following indicators of high cardiovascular risk: 1) coronary heart disease; 2) peripheral
vascular disease; 3) history of stroke (>6 months); 4) diabetes along with at least one other
cardiovascular risk factor (hypertension, total cholesterol >200 mg/dl, HDL cholesterol <40
mg/dl for men or <50 mg/dl for women, triglycerides =150 mg/dl, current cigarette smoking,
obesity [body mass index, BMI =30 kg/m?, or waist >102 cm for men and >88 cm for
women], known microalbuminuria, any evidence of previous vascular disease). Exclusion
criteria for the TRAIN study were: 1) current use of or known hypersensitivity to ACE
inhibitors; 2) diagnosis of specific cardiovascular conditions (including previous myocardial
infarction, ejection fraction <40%, hemodynamically significant primary valvular or outflow
tract obstruction, constrictive pericarditis, complex congenital heart disease, syncopal
episodes likely to be due to life-threatening arrhythmias, planned cardiac surgery or
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angioplasty within three months, uncontrolled hypertension, cor pulmonale, planned cardiac
surgery or angioplasty within three months); 3) conditions affecting results of or safe
participation in the trial (significant renal disease [i.e. renal artery stenosis; creatine
clearance <0.6 mL/s or serum creatinine =2.26 mg/dL; overt nephropathy; serum potassium
>5.5 mEqg/L], life-threatening illness, recent surgical procedure (<6 months), simultaneous
enrollment in another experimental drug trial); 4) compliance issues (plans to leave the area
in the next three months, substance abuse, compliance <80% during the pre-randomization
phase). All the inclusion and exclusion criteria were based on medical history, medical
records review, physical examination, and laboratory data of participants.

All the participants signed an informed consent for the study at the screening visit. The
Wake Forest University School of Medicine Institutional Review Board approved the study
protocol.

Organization of the study

Intervention

Participants were recruited from the communities of Winston Salem, NC and Greensboro,
NC through several recruitment strategies. Participants were first screened by a phone
interview for eligibility (n=2,347). A clinical pre-screening visit, aimed at reviewing

medical history and records of potential participants, was arranged for those (n=576) who
successfully met the study inclusion and exclusion criteria as checked during the phone
interview. Subjects who successfully completed the pre-screening visit (n=401) were entered
in a screening and single-blind one-week run-in phase, in which the tolerability of ACE-
inhibitor and compliance were evaluated.

Participants who successfully completed all the preliminary phase interviews and visits
(n=294) were then randomized to placebo or active intervention (treatment with fosinopril)
of the study during the baseline clinical visit. After 3 visits in a 6-month follow-up, the
cross-over occurred. After further 6 months and 3 mid-term clinical visits, participants
attended close-out visits. A special safety visit was also performed one week after the cross-
over. According to the adopted double sampling method, one week before the 6-month visit
(cross-over visit), an additional blood draw was performed for assays of biomarkers. The
drug titration and follow-up procedures of the first phase were repeated in the following 6
months of the trial.

The present analyses are conducted on a sample of 290 participants, after exclusion of 4
participants in which none of the biomarkers of interest was assessed. Participants with the
biomarker measurements at all time points (baseline, 6-month, and 12-month clinic visits)
were 243 for CRP, 246 for I1L-6, 247 for PAI-1, 238 for D-Dimer, 236 for VCAM-1, and
236 for endothelin-1. No significant sociodemographic, clinical, and biological differences
were present between participants considered in the present analyses and those excluded
because of missing values.

At randomization, patients were assigned to receive fosinopril versus matching placebo at a
dose of 20 mg daily for one week, then 40 mg daily. If the dosage was not tolerated because
of hypotension, cough or other problems, the participants were given the lowest tolerated
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dose. The rationale for use of high dose fosinopril was the attempt to maximize potential
effects on the biomarkers of interest, despite minimal differences in blood pressure control
seen with higher doses (about 2—-3 mmHg)(12:17). Fosinopril was chosen over other ACE-
inhibitors because of the more favorable pharmacokinetic profile (i.e. high trough-to-peak
ratio, both renal and hepatic elimination)(24:2%), low incidence of adverse events(26:27), and
overall evidence suggesting comparable efficacy of different ACE-inhibitors(28-30),
Fosinopril is a phosphonate-containing ACE inhibitor, characterized by a partial extra-renal
excretion. It is administered as a prodrug, and then rapidly converted by the liver and the
gastrointestinal mucosa to the active form (i.e. fosinoprilat). The active form half-life is
about 12 hours. Fosinopril was donated by Bristol-Myers Squibb (New York, NY).

Study drug was supplied at an interim 3-month visit. Before each visit, investigators
assessed the participant’s adherence by counting the study pills left. Serum creatinine and
potassium were monitored throughout the study. Moreover, participants were asked to report
to investigators any suspected adverse event they might have experienced during the follow-
up. The possible onset of adverse events was also specifically assessed by investigators at
each clinic visit. All medical records connected to a serious adverse event were reviewed by
study investigators.

Cardiovascular risk biomarkers

To minimize circadian rhythm and other fluctuations in biomarkers levels, all participants
underwent a blood draw by venipuncture in the morning after >6 hours of fasting at
screening and at each clinical visit. Specimens were cold processed within one hour, and
then they were aliquoted into cryovials, frozen and stored at —80°C until analyses.

Serum levels of IL-6 were assessed with a high-sensitivity monoclonal antibody-based
Enzyme Linked ImmunoSorbent Assay (ELISA; R&D Systems, Minneapolis, MN).
Sensitivity was <0.10 pg/ml, with an expected detection range of 0.15-10.0 pg/mL, and a
coefficient of variation (CV) of 11.6%. Serum levels of CRP were measured by an ELISA
developed in-house based on purified CRP and polyclonal anti-CRP antibodies
(Calbiochem, San Diego, CA)(31). The CRP assay had a sensitivity of 0.08 pg/mL, with a
standard reference range of between 0.5 and 2.5 mg/L. The mean CV for CRP across assay
runs was 4.2%(32). Serum levels of PAI-1 antigen were measured by a two-site ELISA(33).
The analytical CV for this assay was 3.5%. This assay present is not sensitive to PAI-1 in
complex with TPA, but only to free PAI-1 (both latent and active). Serum levels of
VCAM-1 were measured by commercially available ELISA (R&D Systems). VCAM-1
interassay CV was6.6%. Endothelin-1 in extracted EDTA plasma was measured by a solid-
phase ELISA (R&D Systems). The lower detection level is 1.0 pg/mL, and the analytical
CV was 4.9%. D-Dimer was measured using an immuno-turbidimetric assay (STA Liatest
D-DI, Diagnostica Stago, Asnieres, France) on the Sta-R coagulation analyzer, with an
analytical CV of 18.6%.

In a subsample of 200 randomly selected participants, Angiotensin-11 levels were measured
by radioimmunoassay (RIA) to obtain a reference measure showing the biological
effectiveness of the intervention. The RIA kit (ALPCO Diagnostics, Salem, NH) had an
intra-assay and an inter-assay precision of 8.3% and 11.5%, respectively. The assessment of
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eight of these participants was not completed at all the required time points of interest due to
insufficient specimen and/or technical issues.

Sample population characteristics

Sociodemographic (age, gender, race, current smoking) and self-reported clinical conditions
(diabetes, angina, myocardial infarction, cancer, stroke, peripheral artery disease, lung
disease) were collected at the baseline assessment. BMI was calculated as body mass (in
kilograms) divided by squared height (in meter2). Body mass was measured by Delphi
(Hologic Inc., Bedford, MA) dual-energy X-ray absorptiometry (DXA) scan. Height was
self-reported by participants. Blood pressure (in mmHg) was calculated as the average of
three measures taken in standardized sitting position.

Sample size analysis

The TRAIN study was designed to yield a minimum of 90% statistical power to detect a
reduction in the levels of four biomarkers (i.e. PAI-1, IL-6, CRP, and VCAM-1) by at least
25% of the standard deviation of difference in the response of matched pairs (paired effect
size 0.25). The detectable reduction in PAI-1 and IL-6 is smaller than the actual reduction
observed in the Fosinopril versus Amlodipine Comparative Treatments Study (FACTS) after
only 4 weeks (paired effect size 0.26 and 0.32, respectively)(12).

The effect size in the TRAIN study was expected to be larger because 1) the longer duration
of treatment (6 months vs. 4 weeks), and 2) the advantage of the double sampling method.
According to previous evidence on the predictive value of I1L-6(34), PAI-1(3%:36), and
CRP(3437) for cardiovascular events, differences smaller than those detectable in TRAIN
are unlikely to be clinically significant.

To meet these goals, sample size analysis indicated the need to randomize a total of 290
participants. A 12% loss-to-follow-up-rate (i.e. n=25) was taken into account when
calculating this estimate, and included participants who could not be tracked, refused further
blood sampling during the follow-up, missed follow-up visits, or had insufficient blood
samples. The sample size projections were based on paired t-test analyses. Two-sided tests
based on alpha level of 0.0125 were planned to account for the multiple comparisons related
to the four primary biomarkers.

Statistical analysis

The mean values of biomarker levels were calculated for mid-term and end of follow-up
visits (visits 6 and 7, and 11 and 12, respectively). If a value among the two measured at
each visit was missing, the other existing value was used. The effect of fosinopril was
evaluated on biomarker levels was measured at visits 6 and 7 for those who received the
medication during the first part of the trial, and at visits 11 and 12 for those who received
fosinopril in the second part of the trial. The opposite was done for the placebo. Paired t-test
analyses were performed to compare biomarker levels between fosinopril and placebo
intervention. Non-normally distributed variables were normalized by log-transformation
before comparison, and results expressed as medians (interquartile ranges). Because all
comparisons are done by matched pairs, no adjustment is needed for baseline factors, such
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as age, gender, or other potential confounders. A value of p<0.009 was considered as
statistically significant, according to Sidak’s adjustment to account for the multiple
comparisons perfomed in the present analyses and considering six biomarkers of interest.

RESULTS

The main characteristics of the TRAIN sample population (n=290) are shown in Table 1.
The median study participants’ compliance to the treatment throughout the study was 92.1%
(interquartile range 49.8%-98.5%). Most of the participants (89.8%) received the maximum
dosage of the study medication (fosinopril 40 mg).

Blood pressure and angiotensin-II

The mean blood pressure at the baseline visit was 137.4 (SD 15.3)/80.8 (SD 10.3) mmHg.
Significant reductions were found after fosinopril intervention compared to placebo in both
systolic (128.5 [SD 14.4] mmHg vs. 133.4 [SD 13.5] mmHg; p<0.001) and diastolic (77.6
[SD 8.7] mmHg vs. 80.6 [SD 9.1] mmHg; p<0.001) blood pressure values. Significantly
lower levels of angiotensin-11 (n=192) were reported after fosinopril treatment compared to
placebo (median value [interquartile range]: 11.10 [7.10-17.90] pg/mL vs. 12.50 [7.70-
19.40] pg/mL, respectively; p<0.001; Table 2).

Cardiovascular risk biomarkers

The comparisons between biomarker levels after treatment with fosinopril and placebo are
reported in Table 2. No significant difference was reported for CRP, IL-6, PAI-1, VCAM-1,
endothelin-1 levels in the comparisons between fosinopril and placebo. Levels of D-dimer
showed a borderline, not-statistically significant modification (p=0.02) after treatment with
fosinopril (0.32 [0.22-0.53] pg/mL) compared to placebo (0.29 [0.20-0.50] w/mL).

Further analyses were performed restricted to participants who were at least 80% compliant
to treatment and received the maximum ACE-inhibitor dosage (i.e. fosinopril 40 mg).
Participants included in these secondary analyses did not significantly differ for
sociodemographic and clinical characteristics from those excluded because less compliant to
treatment and/or receving a lower fosinopril dosage. No significant effect of fosinopril
intervention compared to placebo was found for CRP (n=186; 2.43 [1.04-5.21] mg/L versus
2.56 [1.84-3.68] mg/L, respectively; p=0.86), IL-6 (n=187; 2.38 [1.77-3.94] pg/mL versus
2.60 [1.84-3.68] pg/mL, respectively; p=0.72), PAI-1 (n=188; 25.44 [15.96-39.62] ng/mL
versus 24.67 [15.67-47.30], respectively; p=0.54), endothelin-1 (n=180; 1.51 [1.20-1.84]
pg/mL versus 1.48 [1.26-1.89] pg/mL, respectively; p=0.43), and VCAM-1 (n=180; 1062.1
[827.4-1321.9] ng/mL versus 1042.3 [817.6-1266.8] ng/mL, respectively; p=0.88). D-
Dimer was the only biomarker showing a statistically significant difference between
fosinopril intervention and placebo (n=183; 0.32 [0.22-0.52] ug/mL versus 0.29 [0.20-0.47]
ug/mL, respectively; p=0.007). To explore the directional consistency of D-dimer
modifications, restricted analyses were performed in participants randomized to fosinopril
during the first 6 months of the trial, so to determine whether D-dimer changes due to ACE-
inhibition were transient. D-dimer concentrations tended to increase during the first 6
months of intervention (n=119; baseline 0.28 [0.19-0.44] pg/mL; 6-month visit 0.31 [0.22—
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0.48] ug/mL) and decrease when placebo was administered during the following 6 months
(12-month visit 0.28 [0.18-0.49] ug/mL). The directional consistency of these changes was
also confirmed among the most compliant participants receiving the highest dosage of
fosinopril (n=92).

All the presented analyses considered as reference concentrations those measured at the end
of the six months placebo administration (i.e. 6-month clinic visit for participants
randomized to placebo during the first phase of the trial, and 12-month clinic visit for
participants randomized to placebo during the second phase of the trial). Consistent results
were reported if biomarkers concentrations measured at the baseline clinic visit (i.e.
randomization time-point) were considered as reference (placebo) values in all the
previously described analyses.

Adverse events during the TRAIN study

A total of 461 adverse events were reported throughout the study by 191 participants. The
most commonly reported adverse events were cough (66 participants, 14.5%), dizziness (34
participants, 7.4%), cold (33 participants, 7.2%) diarrhea (8 participants, 1.8%), headache (8
participants, 1.8%), fatigue (7 participants, 1.5%), and significant increase of creatinine
levels (7 participants, 1.5%). Thirty-four serious adverse events were reported by 22
participants during the entire study. Only two of these events were likely due to the study
medication (a definite drug-related hospitalization for angioedema, and a probable drug-
related hospitalization for dizziness). No significant differences in biomarkers
concentrations were found between participants who developed vs. those who did not
developed adverse events to fosinopril (all p values >0.3).

DISCUSSION

To our knowledge, the TRAIN study is the first randomized controlled trial with 1) a large
sample size to reach the adequate statistical power needed to detect significant changes in
biomarkers levels after ACE-inhibition, and 2) a relatively long follow-up (6 months) to
maximize the biological effects of the medication. Contrary to our hypothesis, ACE-
inhibition was not associated with significant reductions in most of the novel cardiovascular
risk factors, including markers of inflammation (IL-6, CRP), hemostasis (PAI-1), and
endothelial function (VCAM-1, endothelin-1). A marginal increase in D-dimer levels was
associated with the intervention. Consistent results were reported when analyses were
restricted to the most compliant participants receiving the maximum fosinopril dosage.

Our findings seem not to support the hypothesis that inflammatory-, and endothelial
function-related pathways substantially justify the beneficial effects of ACE-inhibitors on
cardiovascular risk, above and beyond their action on blood pressure and neurohormonal
profile. Thus, alternative hypotheses to explain the beneficial effects of ACE-inhibitors on
cardiovascular risk are needed.

Unexpectedly, we found a statistically significant (about 10%) increase in D-dimer
concentrations after fosinopril treatment among most compliant participants receiving the
highest dosage of medication. Secondary (but underpowered) analyses conducted among
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participants initially randomized to the first phase of fosinopril intervention may support this
finding. In fact, D-dimer concentrations tended to increase during the initial six months of
ACE-inihibiton, and to subsequently return to the baseline levels after the following six
months of placebo administration. Given the lack of information on the topic (and the
consequent impossibility of comparing results with previous evidence), we can not draw
definitive conclusions and exclude that this finding might be due to a type I error. In fact, the
analytical method for the D-dimer measurement was limited by a relatively high coefficient
of variation. Moreover, despite our main analyses were adjusted according to the Sidak’s
method to take into account the multiple-hypothesis testing, the additional models
performed in the restricted samples of participants might have increased the risk of false
positive findings. In this context, it is also noteworthy that D-dimer concentrations were not
considered as one of the primary outcomes when originally designing the TRAIN study.
Therefore, our sample size might have been insufficient to adequately explore the effect of
ACE-inhibition on this biomarker levels. Nevertheless, some support for this result can be
found in few available preclinical studies on atherosclerotic animal models showing higher
levels of this breakdown product of fibrin in the presence of ACE-inhibitor or angiotensin
type |1 receptor antagonist treatment(38:39). It has been suggested that increased levels of D-
dimer in subjects with atherosclerosis may reflect increased rather than inhibited
fibrinolysis(“%:41). There is some evidence that atherosclerosis may be attributed, at least in
part, to an impaired fibrinolytic balance(#2). ACE-inhibition may promote a pro-fibrinolytic
mechanism rebalancing the fibrinolysis-coagulation mechanism, possibly through an
increase in bradykinin levels(#3). In this scenario, the increased levels of D-dimer may
represent the degradation of preexisting fibrin(40). Interestingly, it has been demonstrated
that submaximal physical exercise may lead to small, but significant increase of D-dimer
levels in patients with peripheral atherosclerosis(*). However, further studies are needed to
confirm our results, and verify whether ACE-inhibitors may indeed positively act on the
fibrinolytic pathway.

The reduction of blood pressure we found following the fosinopril treatment (~5/3 mmHg)
is consistent with previous studies(12). The effectiveness of our intervention is also
confirmed by the significant reduction in levels of plasma angiotensin-I1, a potent
vasoconstrictor and the basis of the blood pressure effects of ACE-inhibitors.

Some study limitations need to be mentioned. In our study, we have not a precise estimate
the activation status of the Renin-Angiotensin-Aldosterone system. If the Renin-
Angiotensin-Aldosterone system was not sufficiently activated, the expected effects of the
ACE-inhibitor intervention might have not been detectable or biologically significant. In this
context, the relatively limited sample size of the TRAIN study did not allowed stratified
analyses according to different baseline concentrations of angiotensin-I1. Future studies
should specifically explore whether different risk profiles based on the activation of the
Renin-Angiotensin-Aldosterone system may differently respond to ACE-inhibition
intervention in varying the studied biomarkers concentrations. Our findings showed that the
ACE inhibitor effect on the angiotensin Il levels was relatively modest. It is possible that the
so-called “ACE escape” phenomenon took place in our sample. This only partially
understood mechanism is probably associated with alternate synthesis pathways for
angiotensin I1. For example, specific enzymes (e.g. cathepsin G, elastase) may directly
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convert angiotensinogen to angiotensin 11, or facilitate an alternative conversion of
angiotensin | to angiotensin Il (e.g. chymases, cathepsin G). The possible existence of this
mechanism may be responsible for an underestimation of the role played by the Renin-
Angiotensin-Aldosterone System on the studied biomarkers and pathways. Future studies
may explore a more efficient blockage of the Renin-Angiotensin-Aldosterone System by, for
example, simultaneously acting on the ACE and the angiotensin receptors. Our findings
might be specifically related to the ACE-inhibitor molecule adopted in the TRAIN study
(i.e. fosinopril). We cannot exclude that different results might be found with the use of
other ACE-inhibitors. However, there is an overall agreement suggesting the efficacy of
individual ACE-inhibitors to be equivalent(28-39). Our results were obtained from a high
cardiovascular risk profile sample population, and may not be appliable to subjects with a
lower risk profile. Finally, our results are based on the evaluation of several markers
representing different biological pathways (i.e. inflammation, hemostasis, fibrinolysis, and
endothelial function). Given the complexity (and the possible overlappings) of these
mechanisms, the evaluation of single biomarkers may not be sufficient to extend our results
to the entire pathways. Therefore, our results should not be considered as conclusive.
Further studies are needed to confirm and extend our findings by evaluating additional
markers part of the studied biological pathways.

Perspectives

Our study demonstrates that ACE-inhibition with fosinopril does not significantly modify
major biomarkers of inflammation, hemostasis, and endothelial function. Further studies are
needed to 1) explore additional mechanistic pathways (e.g. metabolic functioning and
oxidative damage), and 2) confirm our results suggesting a possible direct role played by
ACE-inhibitors on D-dimer concentrations.
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Figure 1.
Design of the Trial of Angiotensin Converting Enzyme Inhibition and Novel Cardiovascular

Risk Factors.
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Main characteristics of the TRAIN study population (n=290).

Table 1

Value
(mean £ SD, or %)

Age (years)
Gender (Women)
Race
White
African American
Asian
Other
Current smoker
Body Mass Index (kg/m?)
Diabetes
Angina
Cancer
Stroke
Peripheral artery disease

Lung disease

C-Reactive Protein (mg/L)"

Interleukin-6 (pg/mL)*

Plasminogen Activator Inhibitor-1 (ng/mL)*
D-Dimer (ug/mL)*

Vascular cell adhesion molecule-1 (ng/mL)*
Endothelin (pg/mL)*

Angiotensin-11 (pg/mL)*
Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

66.0+7.4
43.4

741
238
07
13
11.4
29.0+47
221
83
14.8
7.9
38
10.7
2.46 (1.03-4.99)

2.94 (2.30-4.23)
31.67 (16.53-53.52)
0.28 (0.20-0.46)
1047.1 (819.4-1244.7)
1.50 (1.23-1.85)
11.00 (7.50-17.02)

137.4+153
80.8+10.3

*
Expressed as median (interquartile range).
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Table 2

Cardiovascular risk biomarkers and ACE-inhibition.

Page 16

N Fosinopril Placebo p
Angiotensin-11 (pg/mL) 192 11.10(7.10-17.90) 12.50 (7.70-19.40)  <0.001
C-Reactive protein (mg/L) 243 2.40 (1.03-5.07) 2.34(1.17-4.89) 0.62
Interleukin-6 (pg/mL) 246 2.37 (1.72-3.85) 2.54 (1.75-3.80) 0.89
Plasminogen activator inhibitor-1 (ng/mL) 247 25.95 (16.50-40.96) 25.77 (16.42-45.60) 0.70
D-Dimer (pg/mL) 238 0.32 (0.22-0.53) 0.29 (0.20-0.50) 0.02
Vascular cell adhesion molecule-1 (ng/mL) 236  1057.0 (832.2-1331.7)  1054.5 (830.7-1319.5) 0.98
Endothelin-1 (pg/mL) 236 1.52 (1.21-1.84) 1.49 (1.26-1.85) 0.62

Values are expressed as median (interquartile range) and p values calculated using log-transformed values and t-test analyses.
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