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Background-—Reactive oxygen species (ROS) are associated with development of coronary artery disease (CAD). However, there’s
no useful biomarker of ROS in CAD.

Methods and Results-—We recruited 395 consecutive CAD patients who were performed coronary angiography (262 male and
133 female, age 70.2�10), and we measured serum derivatives of reactive oxidative metabolites (DROM) were measured. Two
hundred twenty-seven non-CAD patients were also enrolled. We performed follow-up study in these 395 CAD patients and case-
control study after risk factor and 1:1 pair matching (both, n=163). As subgroup analysis, DROM were also measured at the aortic
root and the coronary sinus in 59 CAD patients. DROM were significantly higher in CAD patients (n=163, median [inter-quartile
range, IQR]=338 [302 to 386]) than in risk factor-matched non-CAD patients (n=163, 311 [282 to 352.5], effect size=0.33,
P<0.001). During a mean follow-up period of 20 months of 395 CAD patients, 83 cardiovascular events were recorded. Kaplan-
Meier analysis showed a higher probability of cardiovascular events in the high-DROM group (>346 U.CARR) than in the low-DROM
group (≤346 U.CARR) (P=0.001 [log-rank test]). Multivariate Cox hazard analysis identified ln-DROM as an independent predictor
for cardiovascular events (hazard ratio: 10.8, 95% confidence interval: 2.76 to 42.4, P=0.001). The transcardiac gradient of DROM
was significantly higher in CAD patients than in non-CAD patients (�2.0 [�9.0 to 9.0] versus 8 [�8.0 to 28.3], effect size=0.21,
P=0.04), indicating that DROM production in coronary circulation is associated with development of CAD.

Conclusion-—DROM are increased in CAD patients and associated with future cardiovascular events. DROM might provide clinical
benefits for risk stratification of CAD.

Clinical Trial Registration-—URL: http://www.umin.ac.jp/ctr/. Unique identifier: UMIN000012990. ( J Am Heart Assoc. 2015;4:
e001451 doi: 10.1161/JAHA.114.001451)
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C oronary artery disease (CAD) is now the leading cause of
death worldwide, and it is accelerated by the aging of the

population, the prevalence of obesity, type 2 diabetes mellitus
(DM), and metabolic syndrome.1 Cardiovascular events are
the main cause of death in CAD patients. Therefore, risk

stratification for future cardiovascular events in patients with
CAD is clinically important.

Oxidative stress is caused by the presence of reactive
oxygen species (ROS). Excessive ROS production represents
endothelial and smooth muscle dysfunction, which leads to
the progression of atherosclerosis.2,3 Increased ROS produc-
tion is associated with various cardiovascular diseases and
cardiovascular events.4–6 Kummerow et al reported that lipid
hydroperoxides are correlated with the severity of stenosis in
patients with CAD.7 Furthermore, Mary et al recently reported
that lipid hydroperoxides predict cardiovascular events in
patients with CAD.8 However, ROS, such as hydroperoxide,
are not an established prognostic factor of cardiovascular
events in patients with CAD because of the small amount of
evidence. One of the reasons for this may be the difficulty of
assessment of ROS in clinical practice because of their
instability. However, a technique of direct evaluation of
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hydroperoxide has recently been developed. The derivatives of
reactive oxygen metabolites (DROM) test can directly assay
total oxidant capacity, which is mainly composed of hydro-
peroxide levels as a marker of ROS.9,10

In the present study, we tested the hypothesis that
oxidative status as assessed by DROM is associated with the
presence of CAD, and is a prognostic factor for future
cardiovascular events in patients with CAD.

Methods

Study Subjects and Protocol
A total of 523 consecutive stable patients with suspected
CAD who were referred and scheduled for hospitalization at
Kumamoto University Hospital between January 2007 and
August 2013 for coronary angiography (CAG) were regis-
tered. Based on the results of CAG, patients with athero-
sclerotic organic coronary artery stenosis (≥75%) were
diagnosed as having CAD (diameter of stenosis in vessels
≥1.5 mm). We excluded 128 patients for the following
reasons: heart failure (n=45), history of a coronary artery
bypass graft (n=27), active infective disease (n=6), history
of malignancy (n=15), and the end stage of renal disease
(estimated glomerular filtration rate <15 mL/min per
1.73 m2, [n=35]). Finally, we enrolled 395 patients in this
study. Serum DROM levels were measured for evaluation of
reactive oxygen metabolites. We also measured serum
DROM levels in patients without CAD who were hospitalized
in Kumamoto University hospital because of suspected CAD
and confirmed the absence of CAD by CAG and/or
coronary computed tomography and did not meet exclusion
criteria (n=227). DROM levels were further compared
between patients with CAD and those with non-CAD after
matching risk factors, including the number of patients,
age, sex, and equal incidence of hypertension, DM, and
dyslipidemia. We made risk factor-matched non-CAD
patients (n=163) and risk factor-matched CAD patients
(n=163) using nearest neighbor matching, no replacement,
and 1-to-1 pair matching (Figure 1).

The study protocol conformed to the principles of the
Declaration of Helsinki and the study has been approved by
an institutional review committee at Kumamoto University
Hospital. Written informed consent was obtained from all of
the patients. This study is registered at the University Hospital
Medical Information Network (UMIN) Clinical Trials Registry
(UMIN000012990).

Definition of Coronary Risk Factors
We defined DM as symptoms of diabetes and a casual plasma
glucose concentration ≥200 mg/dL, fasting plasma glucose

concentration ≥126 mg/dL, 2-hours plasma glucose concen-
tration ≥200 mg/dL from a 75-g oral glucose tolerance test,
or taking medication for DM. Hypertension was defined as
>140/90 mm Hg or taking antihypertensive medication.
Current smoking was defined as smoking at the time of
admission. Dyslipidemia was defined as high-density lipopro-
tein cholesterol <40 mg/dL or low-density lipoprotein cho-
lesterol >140 mg/dL, triglycerides >150 mg/dL, or taking
medication for dyslipidemia.

Measurement of Blood Parameters and DROM
We performed a blood test early in the morning in the fasting
state before taking any medications. Blood tests were
performed to measure levels of plasma B-type natriuretic
peptide (BNP), high-sensitivity troponin T (hs-troponin T),
serum high-sensitivity C-reactive protein (hs-CRP), and other
biochemical markers. The blood samples were kept frozen
�80°C until analysis.

The principle of the DROM test has been described
previously.9,10 We measured hydroperoxide levels as serum
DROM levels in patients with or without CAD in a stable
condition using F.R.E.E. carpe diem (Diacron srl, Grosseto,
Italy). The DROM test spectrophotometrically detects the
oxidization of N,N-diethyl-para-phenylenediamine as a chro-
mogenic substrate by radicals converted from hydroperoxide.
Measurements are expressed as an arbitrary unit called the
Carratelli unit (U.CARR). The normal reference level of DROM
was 250 to 300 U.CARR.9,10

We also measured DROM levels at the aortic root and the
coronary sinus in 90 patients (non-CAD patients; n=31, CAD;
n=59) who received cardiac catheterization during the study
period. Serum was isolated at room temperature, and after

Figure 1. Flow chart showing the protocol used for this study.
CAD indicates coronary artery disease; DROM, derivatives of
reactive oxygen metabolites.
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centrifugation it was kept frozen at �80°C. We also confirmed
that DROM values can be measured by using frozen serum
samples.

Severity and Complexity of CAD
After performing CAG, we classified CAD patients into single-
vessel disease (SVD) or multiple-vessel disease (MVD)
according to the number of diseased vessels for evaluating
the severity of CAD.

We also classified CAD patients into simple plaques and
complex plaques according to the Ambrose criteria for
evaluating the complexity of CAD.11,12 Plaques with concen-
tric type and eccentric type I were distributed into simple
plaques, and eccentric type II and multiple irregularities were
distributed into complex plaques.

Follow-Up and Cardiovascular Events
Patients were followed up with until February 2014 or until
the occurrence of cardiovascular events. We defined cardio-
vascular events as cardiovascular death, non-fatal myocardial
infarction, unstable angina pectoris, non-fatal ischemic
stroke, hospitalization for heart failure decompensation, or
coronary revascularization. Cardiovascular death was defined
as death due to myocardial infarction (within 28 days of
onset), heart failure, or documented sudden death in the
absence of non-cardiovascular causes. Myocardial infarction
was diagnosed by the rise or fall of cardiac biomarkers
(plasma creatine kinase-MB and cardiac troponin-T) above the
99th percentile of the upper limit of the normal range with
evidence of myocardial ischemia, as indicated by at least one
of the following: electrocardiogram changes (new ST-T
changes, left bundle branch block, pathological Q-wave) or
imaging evidence of new loss of viable myocardium or new
abnormalities of regional wall motion. Unstable angina
pectoris was diagnosed by new or accelerating symptoms
of myocardial ischemia accompanied by new ischemic ST-T
changes. Ischemic stroke was diagnosed by focal neurolog-
ical deficits with radiological evidence of brain infraction
excluding intracranial hemorrhage. Hospitalization for heart
failure decompensation was diagnosed if the patient was
admitted with symptoms typical of heart failure and had
objective signs of worsening heart failure requiring intrave-
nous drug administration. Coronary revascularization was
diagnosed if the patient underwent percutaneous coronary
intervention or coronary artery bypass grafting with evidence
of myocardial ischemia, with the exception of expected at
first coronary angiography. Cardiovascular events were
ascertained from a review of medical records and confirmed
by direct contact with the patients, their families, and
physicians. We used the median value of DROM

(346 U.CARR) to divide CAD patients into low- and high-
DROM groups.

Statistical Analyses
Non-normally distributed data are expressed by the median
(25% to 75%). Continuous variables with normal distribution
are expressed as the mean�standard deviation. The Kol-
mogorov-Smirnov test was used to assess normal distribution
of continuous data. Categorical data were presented by
frequencies and percentages. Differences between 2 groups
were tested with Fisher’s exact test for categorical variables.
Differences between 2 groups in risk factor matching data
were tested with McNemar test for categorical variables.
Differences in continuous variables were analyzed by the
unpaired t test, or Mann-Whitney U test, as appropriate.
Differences in continuous variables in risk factor matching
data were analyzed by the paired t test, or Wilcoxon signed-
rank test, as appropriate. Because our study was an
observational study, the reasons of drug usages were varied
according to cause or effect of CAD. Hence, we omitted
utilized drugs from the logistic regression analysis. Kaplan-
Meier analysis was performed by using the median value of
DROM (346 U.CARR) in CAD patients and we compared
cardiovascular event incidence with the log-rank test. The Cox
proportional hazard model was used to estimate the cardio-
vascular event hazard ratio and its 95% confidence interval in
CAD patients by simple and multivariate analysis with direct
inclusion models. Significant clinical parameters associated
with cardiovascular events in crude Cox hazard analysis were
entered into multivariate Cox hazard analysis. In consideration
of the internal correlation of hs-CRP with DROM, we made 3
direct inclusion models with/without hs-CRP and DROM.
Because DROM levels were not normally distributed, we
calculated the natural logarithmic transformed DROM as ln-
DROM to use for regression analyses. A P value of <0.05 was
considered statistically significant. Statistical analyses were
performed using The Statistical Package for Social Sciences
version 22 (IBM Japan, Ltd, Tokyo, Japan).

Results

Baseline Characteristics of 163 Risk
Factor-Matched CAD Patients and 163
Risk Factor-Matched Non-CAD Patients
To investigate whether DROM levels are increased only by
the effect of CAD, we divided patients into the risk factor-
matched CAD group (n=163) and the risk factor-matched
non-CAD group (n=163). DROM levels were significantly
higher in risk factor-matched CAD patients than in risk
factor-matched non-CAD patients (338 [302.0 to 386.0]
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U.CARR versus 311.0 [282.0 to 352.5] U.CARR, effect
size=0.33, P<0.001, Figure 2A). The proportions of patients
with treatment with aspirin, clopidogrel, b-blockers, and
hydroxymethylglutaryl coenzyme A reductase inhibitors were
significantly higher in risk factor-matched CAD patients than
in risk factor-matched non-CAD patients (all P<0.001,
Table 1).

Baseline Characteristics and Logistic Regression
Analysis for the Severity of 395 CAD Patients
Baseline characteristics of 395 CAD patients are shown in
Table 2. CAD patients were classified into the low-DROM
(≤346 U.CARR, n=197) and high-DROM (>346 U.CARR,
n=198) groups using the median value of DROM. CAD
patients with high-DROM had a higher proportion of women,
and higher hs-CRP levels (both P<0.001) compared with those
with low-DROM (Table 2).

Furthermore, CAD patients were classified into CAD with
SVD (n=152) or CAD with MVD (n=243). DROM levels were
significantly higher in CAD patients with MVD than in those
with SVD (360.0 [313.5 to 397.0] U.CARR versus 332.0
[296.0 to 371.8] U.CARR, effect size=0.17, P<0.001, Fig-
ure 2B). The prevalence of DM and dyslipidemia were
significantly higher (both P=0.01), and the use of aspirin,
clopidogrel, b-blockers, and angiotensin-converting enzyme
inhibitors or angiotensin II receptor blockers were significantly
higher in CAD patients with MVD than in those with SVD
(P=0.03, 0.001, 0.003, 0.05, respectively). CAD patients with

complex plaques were significantly more in MVD group than
in SVD group (P<0.001, Table 3).

Simple logistic regression analysis showed that the
prevalence of DM, dyslipidemia, ln-DROM, and the existence
of complex plaques were significantly correlated with the
severity of CAD. Multivariate logistic regression analysis,
including significant factors in simple regression, identified ln-
DROM as an independent and significant factor associated
with the severity of CAD (odds ratio [OR]: 6.15, 95%
confidence interval [CI]: 1.87 to 20.3, P=0.003, Table 3).

Baseline Characteristics and Logistic Regression
Analysis for the Complexity of 395 CAD Patients
CAD patients were also classified into those with simple
plaques (n=267) and complex plaques (n=128). DROM levels
were significantly higher in CAD patients with complex
plaques than in those with simple plaques (373.0 [318.8 to
408.3] U.CARR versus 337.0 [302.0 to 381.0] U.CARR, effect
size=0.18, P<0.001, Figure 2C). The levels of hs-CRP and the
prevalence of DM and dyslipidemia were significantly higher
(P=0.03, 0.01, 0.01, respectively), and the proportion of
patients with a family history of CAD was significantly lower in
CAD patients with complex plaques than in those with simple
plaques (P=0.02). The use of clopidogrel was significantly
higher in CAD patients with complex plaques than in those
with simple plaques (P=0.05). CAD patients with MVD were
significantly more in complex plaques group than in simple
plaques group (P<0.001, Table 4).

A B C

Figure 2. Serum DROM levels in CAD patients. A, Serum DROM levels in 163 CAD patients compared with 163 non-CAD patients after risk
matching for the number of patients, age, sex, and equal incidence of hypertension, DM, and dyslipidemia. B, Association between DROM
levels with the severity of CAD. We classified CAD patients into SVD or MVD groups according to the number of diseased coronary vessels for
evaluating the severity of CAD. Serum DROM levels were compared between 152 CAD patients with SVD and 243 CAD patients with MVD. C,
Association between DROM levels with the complexity of CAD. We classified CAD patients into simple plaques or complex plaques groups
according to the Ambrose criteria for evaluating the complexity of CAD. Plaques with concentric type and eccentric type I were distributed into
simple plaques group, and eccentric type II and multiple irregularities were distributed into complex plaques group. Serum DROM levels were
compared between 267 CAD patients with simple plaques and 128 CAD patients with complex plaques. The graphs show DROM using box-
and-whisker plots. In these plots, lines within the boxes represent median values. The upper and lower lines of the boxes represent the 25th
and 75th percentiles, respectively. The upper and lower bars outside the boxes represent the 90th and 10th percentiles, respectively. CAD
indicates coronary artery disease; DM, diabetes mellitus; DROM, derivatives of reactive oxygen metabolites; MVD, multiple-vessel disease;
SVD, single-vessel disease.
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Furthermore, simple logistic regression analysis showed
that the prevalence of DM and dyslipidemia, MVD and family
history of CAD, ln-DROM, ln-hs-CRP, ln-hs-Troponin T were
significantly correlated with the complexity of CAD. In
consideration of the internal correlation with ln-DROM
(correlation coefficient; r=0.34), ln-hs-CRP was excluded from
multivariate logistic regression analysis. Multivariate logistic
regression analysis, including significant factors in simple
regression, except for ln-hs-CRP, identified ln-DROM as an
independent and significant factor associated with the
complexity of CAD (OR: 5.08, 95% CI: 1.42 to 18.2, P=0.01,
Table 4).

Association of DROM With Other Biomarkers
and Echocardiographic Parameter
We also investigated the correlations between ln-DROM and
other biomarkers in patients with CAD. Ln-DROM levels had a
weak but significant positive correlation with levels of ln-BNP

(correlation coefficient; r=0.16, P=0.001, Figure 3A). Ln-
DROM levels also had a relatively strong and significant
positive correlation with ln-hs-CRP (correlation coefficient;
r=0.34, P<0.001, Figure 3B) in patients with CAD.

We also investigated the correlation of ln-DROM levels
with one other ROS biomarker; urinary 8-hydroxy-20-
deoxyguanosine levels and found that there was no signif-
icant correlation (correlation coefficient; r=0.09, P=0.16).
Furthermore, we demonstrated that there wasn’t significant
correlation between ln-DROM and left ventricular ejection
fraction on echocardiogram (correlation coefficient; r=�0.01,
P=0.83).

Follow-Up of Cardiovascular Events in 395 CAD
Patients
The data from 393 CAD patients were available for the analysis
of cardiovascular events. Two patients were lost to follow-up.
Eighty-three cardiovascular events were recorded in CAD

Table 1. Baseline Characteristics of All CAD Patients, All Non-CAD Patients, 163 Risk Factor-Matched Non-CAD Patients, and 163
Risk Factor-Matched CAD Patients

Full Data Matched Data

Non-CAD (n=227) CAD (n=395) Non-CAD (n=163) CAD (n=163) P Value*

Age, y 65.3 (13.0) 70.2 (10.0) 68.9 (10.2) 69.0 (10.1) 0.26

Sex (male, %) 64.8 66.3 69.3 69.3 >0.99

BMI, kg/m2 24.1 (3.9) 24.2 (3.4) 24.4 (3.7) 24.2 (3.1) 0.65

Hypertension (yes, %) 80.2 88.6 88.3 88.3 >0.99

DM (yes, %) 27.3 50.6 31.9 31.9 >0.99

Dyslipidemia (yes, %) 68.3 90.9 85.3 85.3 >0.99

Current smoking (yes, %) 14.5 12.2 10.4 9.8 >0.99

Family history of CAD (yes, %) 23.8 24.4 22.7 27.0 0.4

LVEF, % 61.7 (8.5) 62.8 (6.3) 61.9 (8.4) 63.2 (6.1) 0.12

DROM, U.CARR 312.0 (282.0 to 352.5) 346.0 (306.0 to 391.5) 311.0 (282.0 to 352.5) 338.0 (302.0 to 386.0) <0.001

Hs-CRP, mg/L 0.6 (0.3 to 0.9) 0.7 (0.3 to 1.4) 0.6 (0.3 to 1.0) 0.6 (0.3 to 1.1) 0.59

BNP, pg/mL 32.6 (17.3 to 83.1) 37.2 (17.2 to 73.0) 33.6 (19.3 to 79.3) 31.3 (12.0 to 64.3) 0.17

eGFR, mL/min per 1.73 m2 64.9 (17.5) 63.9 (16.7) 62.0 (16.7) 64.0 (18.5) 0.34

Aspirin, % 37.0 97.7 49.1 96.3 <0.001

Clopidogrel, % 2.2 56.7 1.2 50.9 <0.001

b-blockers, % 43.2 74.9 47.2 72.4 <0.001

ACE-I or ARB, % 59.5 74.2 65.6 70.6 0.38

CCB, % 60.8 65.3 63.2 64.4 0.91

HMG-CoA-I, % 52.9 96.2 66.9 96.3 <0.001

Data are mean (standard deviation), median (25th to 75th percentile range), or numbers (percentages). ACE-I indicates angiotensin-converting enzyme inhibitors; ARB, angiotensin II
receptor blockers; BMI, body mass index; BNP, B-type natriuretic peptide; CAD, coronary artery disease; CCB, calcium channel blockers; DM, diabetes mellitus; DROM, derivatives of
reactive oxygen metabolites; eGFR, estimated glomerular filtration rate; HMG-CoA-I, hydroxy methylglutaryl coenzyme A reductase inhibitors; Hs-CRP, high-sensitivity C-reactive protein;
LVEF, left ventricular ejection fraction.
*Compared between 163 risk factor-matched non-CAD patients and 163 risk factor-matched CAD patients.
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patients during a mean follow-up of 20 months (range, 1 to
50 months). Details of cardiovascular events are shown in
Table 5. Total cardiovascular events and coronary revascular-
ization were significantly higher in the high-DROM group than
in the low-DROM group. Receiver-operating characteristics
analysis showed that DROM correlated significantly with the
occurrence of cardiovascular events (area under the curve:
0.64, 95% CI: 0.57 to 0.71, P<0.001, Figure 4). Kaplan-Meier
analysis showed that the high-DROM group (n=197) had a
higher probability of cardiovascular events than did the low-
DROM group (n=196) (cut-off value of DROM=346 U.CARR;
median value of 393 CAD patients; log-rank test, P=0.001,
Figure 5A). DROM levels were significantly higher in CAD
patients with cardiovascular events than in those without
cardiovascular events (374.0 [328.5 to 422.0] U.CARR versus
340.0 [301.3 to 384.8] U.CARR, P<0.001, Figure 5B). The
sensitivity, specificity, positive predictive value, and nega-
tive predictive value of DROM (cut-off value of DROM=
346 U.CARR) for the occurrence of cardiovascular events were
66.3%, 54.2%, 27.9%, and 78.9%, respectively.

Cox Proportional Hazard Analysis of
Cardiovascular Events in 393 CAD Patients
Crude Cox hazard analysis identified 8 variables as signifi-
cant predictors (age, sex, DM, ln-DROM, ln-hs-CRP, ln-BNP,
coexisting complex plaques, and MVD, Table 6). In consider-
ation of the internal correlation with ln-DROM (correlation
coefficient; r=0.34), we made 3 direct inclusion models; model
1: all significant factors in crude Cox proportional hazards
analysis, model 2: significant factors in crude Cox proportional
hazards analysis without ln-hs-CRP, model 3: significant
factors in crude Cox proportional hazards analysis without
ln-DROM. In all these direct inclusion models, ln-DROM still
significantly predicted cardiovascular events (Table 7).

Production of DROM in the Coronary Circulation
In 31 non-CAD patients and 59 CAD patients who received
CAG, we examined DROM levels at the aortic root and the
coronary sinus to examine the DROM production in the

Table 2. Baseline Characteristics of 395 CAD Patients

Variables All CAD Patients (n=395) Low-DROM Group (n=197) High-DROM Group (n=198) P Value*

Age, y 70.2 (10.0) 69.3 (10.0) 71.1 (9.8) 0.07

Sex (male, %) 66.3 77.2 55.6 <0.001

BMI, kg/m2 24.2 (3.4) 24.4 (3.1) 24.0 (3.7) 0.29

Hypertension (yes, %) 88.6 87.8 89.4 0.64

DM (yes, %) 50.6 50.8 50.5 >0.99

Dyslipidemia (yes, %) 90.9 90.4 91.4 0.73

Current smoking (yes, %) 12.2 13.7 10.6 0.36

Family history of CAD (yes, %) 24.4 25.4 23.4 0.73

LVEF, % 62.8 (6.3) 62.7 (6.1) 62.9 (6.5) 0.77

DROM, U.CARR 346.0 (306.0 to 391.5) 306.0 (278.0 to 330.0) 391.5 (370.3 to 423.0) <0.001

Hs-CRP, mg/L 0.7 (0.3 to 1.4) 0.6 (0.3 to 1.0) 0.8 (0.4 to 1.8) <0.001

BNP, pg/mL 37.2 (17.2 to 73.0) 29.6 (12.3 to 59.5) 46.6 (24.5 to 86.3) 0.10

Hs-troponin T, ng/mL 0.008 (0.004 to 0.01) 0.008 (0.003 to 0.01) 0.009 (0.004 to 0.02) 0.28

eGFR, mL/min per 1.73 m2 63.9 (16.7) 65.0 (16.7) 62.8 (16.7) 0.19

Aspirin, % 97.7 97.5 98.0 0.75

Clopidogrel, % 56.7 56.9 56.6 0.92

b-blockers, % 74.9 73.1 76.8 0.42

ACE-I or ARB, % 74.2 72.1 76.3 0.36

CCB, % 65.3 63.5 67.1 0.46

HMG-CoA-I, % 96.2 96.4 96.0 >0.99

Data are mean (standard deviation), median (25th to 75th percentile range), or numbers (percentages). ACE-I indicates angiotensin-converting enzyme inhibitors; ARB, angiotensin II
receptor blockers; BMI, body mass index; BNP, B-type natriuretic peptide; CAD, coronary artery disease; CCB, calcium channel blockers; DM, diabetes mellitus; DROM, derivatives of
reactive oxygen metabolites; eGFR, estimated glomerular filtration rate; HMG-CoA-I, hydroxy methylglutaryl coenzyme A reductase inhibitors; Hs-CRP, high-sensitivity C-reactive protein;
Hs-troponin T, high-sensitivity troponin T; LVEF, left ventricular ejection fraction.
*Compared between the 197 patients with low-DROM (≤346 U.CARR) and the 198 patients with high-DROM (>346 U.CARR).
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Table 3. Baseline Characteristics and Logistic Regression Analysis for the Severity of 395 CAD Patients

Variables SVD (n=152) MVD (n=243)
P
Value* Coding

Simple Regression Multivariable Regression

OR 95% CI OR 95% CI
P
Value

Age, y 69.8 (9.9) 70.5 (10.0) 0.52 Per 1 year 1.01 0.99 to
1.03

— — —

Sex (male, %) 66.0 67.0 0.91 Male (vs female) 1.04 0.68 to
1.60

— — —

BMI, kg/m2 24.3 (3.4) 24.1 (3.5) 0.53 Per 1 kg/m2 0.98 0.92 to
1.04

— — —

Hypertension (yes, %) 86.2 90.1 0.26 Yes (vs no) 1.46 0.78 to
2.73

— — —

DM (yes, %) 42.1 56.0 0.01 Yes (vs no) 1.75 1.16 to
2.63

1.63 1.06 to
2.51

0.03

Dyslipidemia (yes, %) 86.2 93.8 0.01 Yes (vs no) 2.44 1.21 to
4.89

2.09 1.01 to
4.30

0.05

Current smoking (yes, %) 13.8 11.1 0.43 Yes (vs no) 0.78 0.42 to
1.44

— — —

Family history of CAD
(yes, %)

27.0 22.7 0.34 Yes (vs no) 0.80 0.50 to
1.27

— — —

LVEF, % 62.7 (6.4) 62.8 (6.3) 0.88 Per 1% 1.00 0.97 to
1.02

— — —

DROM, U.CARR 332.0 (296.0 to
371.8)

360.0 (313.5 to
397.0)

<0.001 Per 1 ln-DROM 6.79 2.15 to
21.4

6.15 1.87 to
20.3

0.003

Hs-CRP, mg/L 0.7 (0.3 to 1.1) 0.7 (0.3 to 1.4) 0.27 Per 1 ln-Hs-CRP 1.15 0.96 to
1.38

— — —

BNP, pg/mL 33.9 (16.4 to 63.2) 41.3 (18.7 to 77.6) 0.58 Per 1 ln-BNP 1.06 0.93 to
1.20

— — —

Hs-troponin T, ng/mL 0.008 (0.003 to
0.01)

0.009 (0.004 to
0.01)

0.28 Per 1 ln-Hs-troponin T 1.03 0.93 to
1.15

— — —

eGFR, mL/min per
1.73 m2

65.1 (18.3) 63.2 (15.7) 0.28 Per 1 mL/min per
1.73 m2

0.99 0.98 to
1.01

— — —

Aspirin, % 95.4 99.2 0.03 — — — — — —

Clopidogrel, % 46.1 63.3 0.001 — — — — — —

b-blockers, % 66.4 80.2 0.003 — — — — — —

ACE-I or ARB, % 68.4 77.8 0.05 — — — — — —

CCB, % 62.5 67.1 0.39 — — — — — —

HMG-CoA-I, % 94.7 97.1 0.28 — — — — — —

Complex plaques (yes,
%)

20.4 39.9 <0.001 Complex (vs simple) 2.59 1.62 to
4.15

2.11 1.30 to
3.44

0.003

Hosmer–Lemeshow v2 7.89

P value 0.45

Data are mean (standard deviation), median (25th to 75th percentile range), or numbers (percentages). We classified CAD patients into SVD or MVD group according to the number of
diseased vessels for evaluating the severity of CAD. For regression analysis, not normally distributed variables were calculated the natural logarithmic transformed levels (ln-DROM, ln-hs-
CRP, ln-BNP, ln-hs-troponin T). ACE-I indicates angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; BMI, body mass index; BNP, B-type natriuretic peptide; CAD,
coronary artery disease; CCB, calcium channel blockers; DM, diabetes mellitus; DROM, derivatives of reactive oxygen metabolites; eGFR, estimated glomerular filtration rate; HMG-CoA-I,
hydroxy methylglutaryl coenzyme A reductase inhibitors; Hs-CRP, high-sensitivity C-reactive protein; Hs-troponin T, high-sensitivity troponin T; LVEF, left ventricular ejection fraction; MVD,
multiple-vessel-disease; SVD, single-vessel-disease.
*Compared between patients with SVD and patients with MVD.
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Table 4. Baseline Characteristics and Logistic Regression Analysis for the Complexity of 395 CAD Patients

Variables
Simple Plaques
(n=267)

Complex Plaques
(n=128)

P
Value* Coding

Simple Regression Multivariable Regression

OR 95% CI OR 95% CI
P
Value

Age, y 70.1 (9.9) 70.3 (10.1) 0.88 Per 1 year 1.00 0.98 to
1.02

— — —

Sex (male, %) 68.0 63.0 0.43 Male (vs female) 0.82 0.53 to
1.27

— — —

BMI, kg/m2 24.0 (3.3) 24.6 (3.7) 0.14 Per 1 kg/m2 1.05 0.99 to
1.11

— — —

Hypertension (yes, %) 89.1 87.5 0.62 Yes (vs no) 0.85 0.45 to
1.63

— — —

DM (yes, %) 46.1 60.1 0.01 Yes (vs no) 1.77 1.15 to
2.71

1.15 0.88 to
2.27

0.15

Dyslipidemia (yes, %) 88.3 96.1 0.01 Yes (vs no) 3.23 1.23 to
8.52

2.59 0.85 to
7.94

0.10

Current smoking (yes, %) 10.1 16.4 0.10 Yes (vs no) 1.75 0.94 to
3.22

— — —

Family history of CAD
(yes, %)

27.8 17.2 0.02 Yes (vs no) 0.54 0.32 to
0.92

0.65 0.36 to
1.17

0.16

LVEF, % 63.0 (6.3) 62.5 (6.4) 0.47 Per 1% 0.99 0.96 to
1.02

— — —

DROM, U.CARR 337.0 (302.0 to
381.0)

373.0 (318.8 to
408.3)

<0.001 Per 1 ln-DROM 6.99 2.12 to
23.1

5.08 1.42 to
18.2

0.01

Hs-CRP, mg/L 0.6 (0.3 to 1.2) 0.8 (0.4 to 1.5) 0.03 Per 1 ln-Hs-CRP 1.24 1.03 to
1.49

— — —

BNP, pg/mL 35.6 (15.0 to 67.2) 45.2 (21.3 to 77.3) 0.10 Per 1 ln-BNP 1.16 1.00 to
1.35

— — —

Hs-troponin T, ng/mL 0.007 (0.003 to
0.01)

0.01 (0.006 to
0.02)

0.92 Per 1 ln-Hs-troponin T 1.12 1.06 to
1.36

1.17 1.03 to
1.33

0.02

eGFR, mL/min per
1.73 m2

64.7 (16.6) 62.2 (16.9) 0.16 Per 1 mL/min per
1.73 m2

0.99 0.98 to
1.00

— — —

Aspirin, % 97.8 97.7 >0.99 — — — — — —

Clopidogrel, % 53.2 64.1 0.05 — — — — — —

b-blockers, % 73.4 78.1 0.32 — — — — — —

ACE-I or ARB, % 74.9 72.7 0.63 — — — — — —

CCB, % 66.7 62.5 0.43 — — — — — —

HMG-CoA-I, % 96.3 96.1 >0.99 — — — — — —

MVD (yes, %) 54.7 75.9 <0.001 MVD (vs SVD) 2.59 1.62 to
4.15

2.03 1.22 to
3.40

0.007

Hosmer–Lemeshow v2 4.54

P value 0.81

Data are mean (standard deviation), median (25th to 75th percentile range), or numbers (percentages). We classified CAD patients into simple plaques or complex plaques group according
to the Ambrose criteria for evaluating the complexity of CAD. Plaques with concentric type and eccentric type I were distributed into simple plaques, and eccentric type II and multiple
irregularities were distributed into complex plaques. For regression analysis, not normally distributed variables were calculated the natural logarithmic transformed levels (ln-DROM, ln-hs-
CRP, ln-BNP, ln-hs-troponin T). ACE-I indicates angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; BMI, body mass index; BNP, B-type natriuretic peptide; CAD,
coronary artery disease; CCB, calcium channel blockers; DM, diabetes mellitus; DROM, derivatives of reactive oxygen metabolites; eGFR, estimated glomerular filtration rate; HMG-CoA-I,
hydroxy methylglutaryl coenzyme A reductase inhibitors; Hs-CRP, high-sensitivity C-reactive protein; Hs-troponin T, high-sensitivity troponin T; LVEF, left ventricular ejection fraction; MVD,
multiple-vessel-disease; SVD, single-vessel-disease.
*Compared between patients with simple plaques and patients with complex plaques.
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coronary circulation. DROM levels at the aortic root were not
significantly different between non-CAD patients and CAD
patients (316.0 [266.0 to 355.5] U.CARR versus 318.0 [272.0
to 364.5] U.CARR, P=0.36, Figure 6A). By contrast, DROM

levels at the coronary sinus in CAD patients were significantly
higher compared with those in non-CAD patients (309.0
[266.0 to 355.0] U.CARR versus 327.0 [293.0 to 376.5]
U.CARR, P=0.05, Figure 6B). Accordingly, the transcardiac
gradient of DROM (DDROM=DROM levels at the coronary
sinus�DROM levels at the aortic root) in CAD patients was
significantly higher than that in non-CAD patients (�2.0 [�9.0
to 9.0] U.CARR versus 8 [�8.0 to 28.3] U.CARR, effect
size=0.21, P=0.04, Figure 6C).

Discussion
This study showed the following: (1) DROM were significantly
higher in patients with CAD than in those with risk factor-
matched non-CAD patients; (2) DROM levels were significantly
higher in CAD patients with MVD than in those with SVD, and

A

B

Figure 3. Correlation between ln-DROM and other biomarkers.
A, Correlation between ln-DROM and ln-BNP. B, Correlation
between ln-DROM and ln-hs-CRP. BNP indicates B-type natriuretic
peptide; DROM, derivatives of reactive oxygen metabolites; hs-CRP,
high-sensitivity C-reactive protein.

Table 5. Detailed Cardiovascular Events in 393 CAD Patients With Low- or High-DROM Levels

Low-DROM Group (n=196) High-DROM Group (n=197) P Value*

Total cardiovascular events 28 (14.3) 55 (27.9) 0.001

Cardiovascular death 2 (1.0) 3 (1.5) >0.99

Non-fatal myocardial infarction 1 (0.5) 2 (1.0) >0.99

Unstable angina pectoris 7 (3.6) 5 (2.5) 0.58

Non-fatal ischemic stroke 0 (0) 4 (2.0) —

Coronary revascularization 14 (7.1) 29 (14.7) 0.02

Hospitalization for heart failure decompensation 4 (2) 12 (6.1) 0.07

Among 395 CAD patients, 393 CAD patients were available for the analysis of cardiovascular events (2 patients were lost to follow-up). CAD indicates coronary artery disease; DROM,
derivatives of reactive oxygen metabolites.
*Compared between the 196 CAD patients with low-DROM (≤346 U.CARR) and 197 CAD patients with high-DROM (>346 U.CARR).

Figure 4. Receiver-operating-characteristic ana-
lysis. Significant positive correlation between
DROM levels and the occurrence of cardiovascular
events in CAD patients. AUC indicates area under
the curve; CAD, coronary artery disease; DROM,
derivatives of reactive oxygen metabolites.
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were also significantly higher in CAD patients with complex
plaques than in those with simple plaques; (3) Kaplan-Meier
analysis showed that the probability of cardiovascular events
was significantly higher in the high-DROM group than in the
low-DROM group; (4) multivariate Cox hazard analysis
identified ln-DROM as a significant and independent predictor
of cardiovascular events in CAD patients; and (5) DROM
were produced in the coronary circulation in patients with
CAD.

Using various types of hypertensive rats, the useful model
of not only hypertension but also vascular injury including
atherosclerosis, we previously reported that ROS are closely
associated with the pathogenesis of atherosclerosis.13–15

Coronary atherosclerosis develops into obstructive CAD, and
previous clinical studies actually have reported that ROS were
involved in the occurrence and development of CAD.7,8

Furthermore, several clinical studies have investigated the
role of ROS in cardiovascular diseases as a therapeutic target,
although initial trials had limited success.16–18 However,
direct measurement of ROS is difficult because of their
biochemical instability, and few biomarkers of ROS have
been adopted for clinical examination. The DROM test is a
simple, novel, and relatively inexpensive, integrated analytical
system used to measure ROS in a small quantity of serum or
plasma.19,20 Based on our results, DROM, which reflect
oxidative status, could be a useful biomarker for evaluating
the presence of CAD. We also demonstrated that serum
DROM levels were correlated with the severity and complexity
of angiographically verified CAD. To the best of our
knowledge, this is the first report to show a significant
association of the DROM test with the presence and severity
of CAD.

The presence of CAD has a critical risk of death, and
patients with severe CAD have a poor prognosis.21 However,
the relationships between biomarkers of ROS and the
prognosis of patients with CAD remain unclear. In the
present study, we further examined the prognostic impor-
tance of DROM in patients with CAD. We found that CAD
patients with high DROM levels had a poor prognosis, and
that DROM were significant and independent predictor of
cardiovascular events in CAD patients. Coronary revascular-
ization, such as percutaneous coronary intervention and
coronary artery bypass grafts, was the main cause of
cardiovascular events in the present study. This suggests
that DROM are more predictive of coronary-related events
than of other vascular-related events in patients with CAD.
Furthermore, we proposed the cut-off value as 346 U.CARR
(median value in 395 patients with CAD) for DROM. The
negative predictive value of DROM for the occurrence of
cardiovascular events was 78.9% at 346 U.CARR, indicating
that CAD patients who have DROM levels less than
346 U.CARR would avoid cardiovascular events with a
probability of 78.9%. Thus, this is also the first report to
show a significant association between serum DROM lev-
els and adverse cardiovascular outcomes in patients with
CAD.

Furthermore, the present study confirmed a strong positive
correlation of serum DROM levels with hs-CRP, a represen-
tative inflammatory marker and an established predictor of
cardiovascular events in patients with CAD. These findings
suggest that the coexistence of inflammation and oxidative
stress has occurred and leads to higher cardiovascular risk in
patients with CAD, as is the case in high-risk patients for
cardiovascular diseases.22 Previous reports demonstrated
that inflammatory molecules such as CRP are present in heart

A

B

Figure 5. Follow-up analysis in 393 CAD patients.
A, Kaplan–Meier analysis for the probability of
cardiovascular events in CAD patients with low- or
high-ln-DROM (n=196, 197, respectively). CAD
patients were divided into 2 groups using the
median value of DROM (346 U.CARR). B, Serum ln-
DROM levels without or with cardiovascular events
(n=310, 83, respectively). The graph shows DROM
using box-and-whisker plots. In these plots, lines
within the boxes represent median values. The
upper and lower lines of the boxes represent the
25th and 75th percentiles, respectively. The upper
and lower bars outside the boxes represent the
90th and 10th percentiles, respectively. CAD
indicates coronary artery disease; DROM, deriva-
tives of reactive oxygen metabolites.
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Table 6. Crude Cox Proportional Hazards Analysis for Cardiovascular Events in 393 CAD Patients

Variables Coding

Simple Regression

HR 95% CI P Value

Age Per 1 year 1.03 1.00 to 1.05 0.03

Sex Male (vs female) 0.59 0.38 to 0.91 0.02

BMI Per 1 kg/m2 0.98 0.92 to 1.04 0.50

Hypertension Yes (vs no) 1.13 0.57 to 2.27 0.72

DM Yes (vs no) 1.87 1.20 to 2.93 0.006

Dyslipidemia Yes (vs no) 0.84 0.43 to 1.63 0.61

Current smoking Yes (vs no) 0.83 0.40 to 1.72 0.62

Family history of CAD Yes (vs no) 1.15 0.71 to 1.88 0.57

LVEF Per 1% 1.00 0.97 to 1.04 0.99

Ln-DROM Per 1 ln-DROM 13.3 4.25 to 41.8 <0.001

Ln-Hs-CRP Per 1 ln-Hs-CRP 1.26 1.05 to 1.51 0.01

Ln-BNP Per 1 ln-BNP 1.43 1.18 to 1.74 <0.001

Ln-hs-troponin T Per 1 ln-Hs-troponin T 1.12 0.99 to 1.26 0.08

eGFR Per 1 mL/min per 1.73 m2 1.00 0.98 to 1.01 0.61

Complex plaques Complex (vs simple) 2.34 1.51 to 3.60 <0.001

MVD MVD (vs SVD) 1.64 1.02 to 2.63 0.04

BMI indicates body mass index; BNP, B-type natriuretic peptide; CAD, coronary artery disease; DM, diabetes mellitus; DROM, derivatives of reactive oxygen metabolites; eGFR, estimated
glomerular filtration rate; HR, hazard ratio; Hs-CRP, high-sensitivity C-reactive protein; Hs-troponin T, high-sensitivity troponin T; LVEF, left ventricular ejection fraction; MVD, multiple-
vessel-disease; SVD, single-vessel-disease.

Table 7. Multivariable Cox Proportional Hazards Analysis for Cardiovascular Events in 393 CAD Patients

Variables Coding

Model 1 Model 2 Model 3

HR 95% CI P Value HR 95% CI P Value HR 95% CI P Value

Age Per 1 year 1.01 0.99 to 1.04 0.30 1.01 0.99 to 1.04 0.29 1.01 0.99 to 1.04 0.36

Sex Male (vs female) 0.83 0.53 to 1.30 0.42 0.84 0.54 to 1.31 0.44 0.72 0.46 to 1.13 0.15

BMI Per 1 kg/m2 — — — — — — — — —

Hypertension Yes (vs no) — — — — — — — — —

DM Yes (vs no) 1.81 1.12 to 2.90 0.01 1.84 1.15 to 2.92 0.01 1.58 1.00 to 2.52 0.05

Dyslipidemia Yes (vs no) — — — — — — — — —

Current smoking Yes (vs no) — — — — — — — — —

Family history of CAD Yes (vs no) — — — — — — — — —

LVEF Per 1% — — — — — — — — —

Ln-DROM Per 1 ln-DROM 10.0 2.41 to 41.7 0.002 10.8 2.76 to 42.4 0.001 — — —

Ln-Hs-CRP Per 1 ln-Hs-CRP 1.04 0.86 to 1.25 0.71 — — — 1.13 0.94 to 1.36 0.18

Ln-BNP Per 1 ln-BNP 1.30 1.06 to 1.60 0.01 1.31 1.07 to 1.60 0.01 1.32 1.08 to 1.62 0.006

Ln-hs-troponin T Per 1 ln-Hs-troponin T — — — — — — — — —

eGFR Per 1 mL/min per 1.73 m2 — — — — — — — — —

Complex plaques Complex (vs simple) 1.73 1.10 to 2.72 0.02 1.73 1.12 to 2.72 0.02 1.85 1.18 to 2.91 0.007

MVD MVD (vs SVD) 1.08 0.65 to 1.77 0.77 1.08 0.66 to 1.77 0.77 1.26 0.77 to 2.05 0.35

Model 1: significant factors in crude Cox proportional hazards analysis. Model 2: significant factors in crude Cox proportional hazards analysis without ln-hs-CRP. Model 3: significant
factors in crude Cox proportional hazards analysis without ln-DROM. BMI indicates body mass index; BNP, B-type natriuretic peptide; CAD, coronary artery disease; DM, diabetes mellitus;
DROM, derivatives of reactive oxygen metabolites; eGFR, estimated glomerular filtration rate; HR, hazard ratio; Hs-CRP, high-sensitivity C-reactive protein; Hs-troponin T, high-sensitivity
troponin T; LVEF, left ventricular ejection fraction; MVD, multiple-vessel-disease; SVD, single-vessel-disease.
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and vasculature23 and increase intracellular ROS production
in various cardiovascular diseases.24 In the vasculature,
moreover, intracellular ROS induces inflammation,25 indicat-

ing a malignant cycle between CRP and oxidative stress.
Further investigations are needed to examine whether the
measurement of a combination of DROM and hs-CRP can
provide useful information for risk stratification of CAD
patients in clinical practice.

As described above, ROS are well known to play a crucial
role in the development of several cardiovascular diseases.
In support of this fact, DROM levels have been reported to
be increased in patients with hypertension,26 chronic kidney
disease27 and periodontitis,28 all of which are atheroscle-
rotic risk factors in humans. In the present study, we
measured DROM levels at the aortic root and the coronary
sinus to examine whether DROM is produced locally by the
coronary artery or/and atherosclerotic lesions in patients
with CAD. Interestingly, we found that DROM were produced
in the coronary circulation in patients with CAD, but not in
those with non-CAD. Therefore, small but significant differ-
ences in DROM levels between the aortic root and the
coronary sinus could contribute to the increased DROM
levels in the peripheral circulation in patients with CAD.
Excessive ROS production in the coronary circulation might
be closely involved in the development of coronary athero-
sclerosis.

There are several limitations to our study. First, this
study was a one-center design with a relatively small patient
population. However, even in this small population, serum
DROM levels were closely related with the severity and
complexity of CAD. Further large multicenter studies
involving larger numbers of patients will be required to
determine the importance of DROM in CAD. Second, this
study was observational and was not interventional by
antioxidative drugs. The benefits of antioxidative therapy for
cardiovascular diseases still remain unclear. Therefore,
additional interventional studies in CAD patients in a
large-scale population are necessary. Determining which
drug treatment can reduce ROS as assessed by DROM
measurement might be useful, as well as determining
whether a reduction of DROM levels by any drug therapy
contributes to the suppression of cardiovascular events in
CAD patients. Third, our method for measuring oxidative
stress reflects the overall oxidative status and excludes non-
hydroperoxide-related ROS mediated biomarkers. We com-
pared serum DROM levels with one other oxidative marker,
urinary 8-hydroxy-20-deoxyguanosine levels, and found that
they were not significantly correlated.

However, despite these limitations, our study provides the
first evidence for the diagnostic and prognostic significance of
DROM in CAD patients. The measurement of serum DROM
levels might provide clinical benefits for risk stratification in
patients with CAD. A large-scale multicenter trial is warranted
to further examine the pathological role and clinical signifi-
cance of DROM in patients with CAD.

A

B

C

Figure 6. Production of DROM in the coronary
circulation. DROM levels at the aortic root and the
coronary sinus were measured in 31 non-CAD
patients and 59 CAD patients. A, Serum DROM
levels at the aortic root in 31 non-CAD patients and
59 CAD patients. B, Serum DROM levels at the
coronary sinus in 31 non-CAD patients and 59 CAD
patients. C, Transcardiac gradients of DROM levels
(DDROM=coronary sinus�aortic root) in 31 non-
CAD patients and 59 CAD patients. The graphs
show DROM using box-and-whisker plots. In these
plots, lines within the boxes represent median
values. The upper and lower lines of the boxes
represent the 25th and 75th percentiles, respec-
tively. The upper and lower bars outside the boxes
represent the 90th and 10th percentiles, respec-
tively. CAD indicates coronary artery disease;
DROM, derivatives of reactive oxygen metabolites.
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