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BACKGROUND: We investigated the clinical significance of derivatives of reactive oxygen metabolites (DROMs), a new marker 
of reactive oxygen species, in patients with nonischemic heart failure (HF) and compared them among new categories of HF.

METHODS AND RESULTS: We recruited 201 consecutively hospitalized patients with HF and measured DROM under stable con-
ditions. Then, we divided them according to new categories of HF (HF with reduced ejection fraction [EF], HF with midrangeEF, 
and HF with preserved EF) without coronary artery disease. In subgroup analysis, we followed EF changes in patients with HF 
with reduced EF and classified them into HF with recovered EF or nonrecovered EF according to whether EF had improved 
to >40%. DROMs are significantly and independently associated with HF-related events in patients with NIHF. There were 
no significant differences in DROM and the probability of HF-related events among HF categories in Kaplan–Meier analysis. 
However, patients with HF with reduced EF and HF with preserved EF but not HF with midrange EF with HF-related events 
had higher DROM than those without HF-related events. In subgroup analysis, Kaplan–Meier analysis demonstrated that the 
probabilities of HF-related events in HF with recovered EF were dramatically decreased. DROM were significantly higher in 
patients with HF with nonrecovered EF than in HF with recovered EF. In receiver operating characteristic analysis, the cutoff 
level of DROM for predicting improvements in HF with recovered EF was 347 Carratelli units. Furthermore, the C-statistic 
value for predicting EF improvement for the DROM levels was 0.703. In multivariable logistic regression analysis, DROM was 
independently and significantly associated with the prediction of HF with recovered EF.

CONCLUSIONS: DROM measurements can provide important prognostic information for risk stratification in any category of 
NIHF.

REGISTRATION: URL: https://www.umin.ac.jp/ctr/; Unique identifier: UMIN000035827.
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Until the 1990s, left ventricular (LV) systolic dys-
function (heart failure [HF] with reduced LV 
ejection fraction [EF; HFrEF]) was regarded 

as the main target of HF treatment, but since the 
2000s, as the number of elderly patients with HF 
has increased, HF with preserved LVEF (HFpEF) has 

received increasing attention. Furthermore, in the 
2010s, patients with an LVEF in the range of 40% to 
49% represented a “gray area” and were defined as 
having HF with midrange EF (HFmrEF), and HFmrEF 
was considered separately from HFrEF and HFpEF 
because of the clinical differences.1 Although LVEF is 
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initially reduced when HF symptoms develop, cases 
in which the LVEF improves with treatment and time 
(HF with recovered EF [HFrecEF]) have also been 
noted.2 Thus, the definition of HF according to LVEF 
has changed over time. Understanding the pathology 
of each type of HF and the development of appropri-
ate interventions are considered important issues in 
clinical settings.

Previous clinical reports have shown increased lev-
els of reactive oxygen species (ROS) in the failing heart 
and the potential importance of oxidative stress.3–5 
Moreover, several biomarkers of ROS provide import-
ant information on the pathogenesis, risk stratification, 
and diagnosis of HF and on the efficacy of treatment.4,6 

Recently, the serum levels of reactive oxidative metab-
olites were recently shown to be a reliable ROS bio-
marker in various diseases.7,8 Measurements of the 
derivatives of reactive oxidative metabolites (DROMs) 
provide a direct and simple assay of total oxidant ca-
pacity, mainly hydroperoxide.9 We previously reported 
that DROMs might provide clinical benefits for risk 
stratification of HFpEF, HFrEF, and coronary artery 
disease.10–12 Also, the efficacy of the DROM test as a 
predictor of initial HF hospitalization in elderly patients 
with congestive HF had already reported.13 However, 
the comparison of oxidative stress among the above-
mentioned new HF category remains still unclear. In the 
present study, hence, we tested the hypothesis that the 
oxidative stress level, indicated by the serum DROM 
concentration, is associated with the presence and se-
verity of various types of HF based on LVEF. Because 
the differentiation of patients with HF based on LVEF 
is considered important because of differences in un-
derlying etiologies, demographics, comorbidities, and 
responses to therapies,1 we also investigated whether 
DROM is a useful prognostic biomarker for predicting 
HF-related events and EF improvements in patients 
with HF without coronary artery disease.

METHODS
The authors declare that all supporting data are avail-
able within the article.

Study Subjects and Protocol
In this study, we defined patients with nonischemic 
HF (NIHF) as patients with symptoms suspicious of 
HF and with no significant coronary artery stenosis 
(>75%), which was confirmed by coronary angiography 
or coronary computed tomography angiography, and 
we enrolled only patients with NIHF. We retrospectively 
investigated 1107 consecutive patients with NIHF who 
were hospitalized in the Kumamoto University Hospital 
between January 2007 and December 2017 and re-
corded each patient’s medical history and relevant 
clinical characteristics. We excluded 906 patients for 
the following reasons: severe valvular disease (n=353), 
end-stage renal disease (estimated glomerular filtration 
ratio <15 mL/min per 1.73 m2) (n=82), a history of malig-
nancy (n=49), active infective disease (n=14), and failure 
to meet the diagnostic criteria of various HF categories 
described below (n=406). We enrolled 201 patients with 
NIHF and followed them from the date of DROM meas-
urement at admission, for 40 months, until June 2018, 
or until the occurrence of HF-related events. The oxida-
tive status of the patients was determined by meas-
uring the serum DROM concentration in patients with 
NIHF under stable conditions. We further divided them 
into 3 groups (HFrEF, n=79; HFmrEF, n=35; and HFpEF, 

CLINICAL PERSPECTIVE

What Is New?
•	 Derivatives of reactive oxidative metabolites, 

a new marker of reactive oxygen species, are 
significantly associated with heart failure (HF)-
related events in patients with nonischemic HF.

•	 Derivatives of reactive oxidative metabolites 
significantly correlated with ejection fraction im-
provement in patients with nonischemic HF with 
reduced ejection fraction.

What Are the Clinical Implications?
•	 Derivatives of reactive oxidative metabolites 

could provide important prognostic information 
for predicting HF-related events in all pheno-
types of nonischemic HF and therapeutic re-
sponders, especially in patients with HFrEF.
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n=87) according to the new categories of HF and com-
pared the clinical characteristics and prognosis.

Furthermore, we focused on patients with HFrEF 
and followed LVEF changes. We excluded 8 patients 
because of a lack of echocardiography data (n=6) and 
death before echocardiography follow-up (n=2), and 
we evaluated the LVEF value at least 6 months after 
optimal medical therapy. Then, we classified patients 
with HFrEF into HFrecEF (n=46) and HF with nonre-
covered EF (HFnonrecEF) (n=26), as described below, 
according to LVEF improvements and compared the 
clinical characteristics and prognosis (Figure 1).

All procedures were conducted in accordance with 
the Declaration of Helsinki and its amendments. The 
study protocol was approved by the institutional re-
view board of Kumamoto University (approval number: 
Senshin 2225). This study is registered at the University 
Hospital Medical Information Network (UMIN) Clinical 
Trials Registry (UMIN000035827). The requirement for 
informed consent was waived because of the low-risk 
nature of this retrospective study and the inability to 
directly obtain consent from all subjects. Instead, the 
study protocol was extensively promoted at Kumamoto 
University Hospital and on the website (https://kumad​
ai-junnai.com/wp-conte​nt/uploa​ds/houka​tsu.pdf); no-
tably, patients were provided the opportunity to with-
draw from the study.

Clinical Parameters
The baseline demographic data, cardiovascular risk 
factors, and medications upon admission were doc-
umented. Hypertension was defined as a recorded 
blood pressure >140/90  mm  Hg or the use of any 
antihypertensive medications. Diabetes mellitus was 
defined as the presence of symptoms of diabetes 
mellitus and a random plasma glucose concentration 
≥200 mg/dL, a fasting plasma glucose concentration 
≥126  mg/dL, and a 2-hour plasma glucose concen-
tration ≥200 mg/dL according to a 75-g oral glucose 
tolerance test or the use of any medications for diabe-
tes mellitus. Dyslipidemia was defined as a low-density 
lipoprotein level ≥140  mg/dL (≥3.63  mmol/L), a high-
density lipoprotein level <40 mg/dL (1.04 mmol/L), or a 
triglyceride level ≥150 mg/dL (≥1.7 mmol/L) or the use 
of any medications for dyslipidemia. Chronic kidney 
disease was defined as was an estimated glomerular 
filtration rate <60  mL/min per 1.73  m2.14 A history of 
smoking was determined via interview.

Echocardiography and Blood Sampling
Echocardiography was performed under stable condi-
tions upon admission by experienced cardiac sonogra-
phers who had no knowledge of the study data. LVEF 
was measured using a modified Simpson’s method. The 

Figure 1.  Flowchart showing the enrollment protocol.
CAG indicates coronary angiography; CT, computed tomography; DROM, derivatives of reactive oxidative metabolites; EF, ejection 
fraction; HF, heart failure; HFmrEF, HF with midrange EF; HFnonrecEF, HF with nonrecovered EF; HFpEF, HF with preserved EF; 
HFrecEF, HF with recovered EF; HFrEF, HF with reduced EF; and UCG, ultrasonic echocardiography.

Pa�ents with HF symptoms and 
no significant coronary artery stenosis (>75%) 

by CAG or coronary CT (n=1107)
Excluded (total n=500)
・Severe valvular disease (n=353)
・End stage of renal disease (n=84)
・History of malignancy (n=49)
・Ac�ve infec�ve diseases (n=14)

Pa�ents with EF ≤ 40%
HFrEF (n=79)

Pa�ents with EF 40 to 50%
HFmrEF (n=35)

Pa�ents with EF ≥ 50%
HFpEF (n=87)

Excluded (n=406)
・Not mee�ng the diagnosis criteria for HF

UCG, blood sampling and measurement of DROM

Pa�ents with non-recovered EF ≤ 40%
HFnon-recEF (n=26)

Pa�ents with recovered EF > 40%
HFrecEF (n=46)

Excluded (total n=8)
・No UCG data (n=6)
・Death before UCG follow (n=2)

Pa�ents with nonischemic HF (n=201)

op�mal medical therapy at least 6 months
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ratio of early transmitral flow velocity to early diastolic 
mitral annular velocity (E/e′) was assessed by tissue 
Doppler imaging. Echocardiography was performed 
using the Vivid 7 or Vivid E9 (GE Vingmed, Horten, 
Norway), Aplio XG (Toshiba, Tokyo, Japan), and Epiq 7 
(Philips, Bothell, WA) systems equipped with a 2.5-MHz 
phased-array transducer, as previously reported.15

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

Assessment of Serum DROM
The DROM test has been described previously.16,17 
Serum DROM levels, reflecting total oxidant capacity, 
were measured in all patients under stable conditions 
using an automated method (DROM test; Diacron srl, 
Grosseto, Italy) and a free-radical elective evaluator 
(F.R.E.E.; Diacron srl). The total oxidant capacity is 
composed of hydroperoxide, ferroxidase, and my-
eloperoxidase activities. Accordingly, the DROM test 
detects ROS produced by metabolic and inflamma-
tory activities. Specifically, oxidation of the chromo-
genic substrate N,N-diethyl-para-phenylenediamine 
by radicals generated mainly from hydroperoxide 
is detected spectrophotometrically. Measurements 
are expressed as an arbitrary unit, the Carratelli unit 
(U.CARR). The DROM test was measured using the 
assay kit’s manufacturer (Diacron srl) with intra- and 
interassay coefficient of variations of 2.07% and 
1.79%. Normal reference levels of DROM as stated 
by the assay kit’s manufacturer are 250 to 300  U.
CARR.16,17

Definition of Various Categories of HF and 
HF-Related Events
We defined various categories of HF clinically according 
to the criteria of the European Working Group as follows.1 
HFrEF: (1) symptoms of HF and (2) reduced LV systolic 
function (LVEF <40%); HFmrEF: (1) symptoms of HF, (2) 
mildly reduced LV systolic function (40%–50% of LVEF), 
(3) elevated levels of natriuretic peptides (BNP >35 pg/
mL), and (4) evidence of abnormal LV diastolic dysfunc-
tion (E/e′ ≥13); HFpEF: (1) symptoms of HF, (2) normal 
or mildly reduced LV systolic function (LVEF ≥50%), (3) 
BNP >35 pg/mL, and (4) E/e′ ≥13. We excluded patients 
with HFmrEF and HFpEF who had a confirmed reduc-
tion in EF in the past. Furthermore, among patients with 
HFrEF who had undergone optimal medical therapy for 
at least 6 months according to the Japanese Circulation 
Society guidelines for the treatment of HF, we defined 

HF with EF improvement of >40% as HFrecEF, and HF 
with EF <40% as HFnonrecEF. We defined HF-related 
events as hospitalization for HF decompensation or as 
ventricular assist device placement.

Definition and Etiology of HF
HF-related events were ascertained from a review of 
medical records and were confirmed by direct contact 
with patients, their families, or their physicians or via an 
annual telephone interview conducted with each pa-
tient. Hospitalization for HF decompensation was de-
fined as admission of a patient with symptoms typical 
of HF who had objective signs of worsening HF. During 
their hospitalization, all patients with HF were under op-
timal medical therapy for HF according to the European 
Society of Cardiology guideline18 and the Japanese 
Circulation Society guidelines, including stable doses 
of an angiotensin-converting enzyme inhibitor or an-
giotensin II receptor blocker, a β-blocker, and an al-
dosterone blocker, if not contraindicated. Physicians 
confirmed that patients had HF by determining the New 
York Heart Association functional class,19 and the qual-
ity of life was assessed under stable conditions after 
optimal therapy by the standard questionnaire.

The etiology of HF was diagnosed on the basis of the 
Japanese Circulation Society guidelines. The etiology 
was as follows: dilated cardiomyopathy, hypertrophic 
cardiomyopathy, hypertensive heart disease, cardiac am-
yloidosis, cardiac sarcoidosis, valvular heart disease, ar-
rhythmogenic cardiomyopathy, and others (mitochondrial 
cardiomyopathy, alcoholic cardiomyopathy, diabetic car-
diomyopathy, LV noncompaction, puerperal cardiomyop-
athy, and collagen disease–related cardiomyopathy).

Statistical Analysis
Statistical Package for Social Science version 22.0 
(IBM Japan, Tokyo, Japan) software was used for 
the statistical analyses. Nonnormally distributed data 
are expressed as the median (interquartile range), 
and P<0.05 was considered statistically significant. 
Data from multiple groups were compared by the 
chi-squared test, 1-way ANOVA, or the Kruskal-Wallis 
test. Differences between the 2 groups were assessed 
by the chi-squared test for categorical variables, and 
Student unpaired t test or the Mann-Whitney U-test 
(as appropriate) was used to analyze differences be-
tween groups for continuous variables. Kaplan–Meier 
curves were used to determine the cumulative inci-
dence of HF-related events, and log-rank tests were 
used to compare the incidence of HF-related events 
between groups. The Cox proportional hazard model 
was used to estimate the HF-related event hazard 
ratio and its 95% CI in patients with NIHF by univari-
ate and multivariable analysis with forward stepwise 
method. Significant clinical parameters associated 
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with HF-related events in univariate Cox hazard analy-
sis were entered into multivariable Cox hazard analy-
sis. We calculated the Akaike’s information criterion 
to evaluate the suitability of the multivariate model. 
Receiver operating characteristic curves were con-
structed to analyze the value of DROM for the predic-
tion of HFrecEF. The area under the curve, sensitivity, 
and specificity were calculated for the predictive value 
of DROM with regard to EF recovery in patients with 
HFrEF. We defined the cutoff value of DROM for the 
prediction of HFrecEF by maximizing the sum of the 
sensitivity and specificity by using Youden’s J statis-
tic.20 Logistic regression analysis was performed to 
identify significant parameters related to EF recovery 
in patients with HFrEF. Significant clinical parameters 
associated with EF recovery in univariate logistic re-
gression analysis were entered into multivariable 
logistic regression analysis. Multivariable logistic re-
gression analysis was then performed using the for-
ward stepwise method. The Hosmer–Lemeshow test 
was applied to assess model calibration.

RESULTS
Baseline Characteristics and Follow-Up of 
Patients With NIHF
The study population included 201 patients with 
NIHF. The mean time from the first day of hospitaliza-
tion to the day of the study evaluation was median 
8.0 days (interquartile range, 3.0–14.0 days). We cal-
culated the median follow-up period for each patient. 
The median follow-up period was 31.5  months (in-
terquartile range, 9.8–40 months), and 37 HF-related 
events were recorded. Baseline characteristics of pa-
tients with NIHF are shown in Table 1. Patients with 
NIHF were classified into the low-DROM (≤354  U.
CARR; n=101) and high-DROM (>354  U.CARR, 
n=100) groups using the median value of DROM. 
Patients with NIHF in the high-DROM group had 
higher BNP and hs-CRP levels than those in the low-
DROM group (P=0.005 and P<0.001, respectively) 
Kaplan–Meier analysis showed that the high-DROM 
group had a higher probability of HF-related events 

Table 1.  Baseline Characteristics of Patients With NIHF

All Patients With NIHF 
(n=201) Low DROM (n=101) High DROM (n=100) P Value

Age, y 65.0±13.3 66.6±12.7 63.3±13.8 0.080

Male sex (%) 118 (58.7) 65 (64.4) 53 (53.0) 0.102

Body mass index, kg/m2 24.4±4.9 23.4±3.9 25.5±5.5 0.002

Hypertension (%) 125 (62.2) 65 (64.4) 60 (60.0) 0.524

Diabetes mellitus (%) 57 (28.4) 20 (19.8) 37 (37.0) 0.007

Dyslipidemia (%) 100 (49.8) 47 (46.5) 53 (53.0) 0.359

History of smoking (%) 99 (49.3) 55 (54.5) 44 (44.0) 0.138

NYHA III or IV (%) 68 (33.8) 21 (20.8) 47 (47.0) <0.001

DROM, U.CARR 354 [307–441] 308 [277–339] 411 [379–455] <0.001

BNP, pg/mL 168 [74–403] 154 [64–249] 206 [92–466] 0.005

eGFR, mL/min per 1.73 m2 62.1±16.2 62.9±15.0 61.2±17.3 0.465

Hemoglobin, g/dL 13.7±2.1 13.9±2.0 13.5±2.1 0.167

Hs-CRP, mg/dL 0.08 [0.03–0.24] 0.05 [0.03–0.09] 0.13 [0.06–0.38] <0.001

Hs-troponinT, ng/L 18.7 [9.7–34.6] 15.9 [9.1–28.3] 19.2 [10.2–38.4] 0.319

Serum sodium, mEq/L 140.0±2.9 140.3±2.8 139.7±3.0 0.162

LVEF, % 46.5±16.3 48.1±16.1 44.9±16.5 0.166

LVDd, mm 50.6±11.1 48.5±9.6 52.7±12.2 0.008

LAD, mm 41.8±8.0 40.0±8.2 43.6±7.3 0.001

E/e′ 17.8±7.5 16.8±5.4 18.9±9.0 0.043

CCB (%) 60 (29.9) 30 (29.7) 30 (30.0) 0.963

ACEI or ARB (%) 133 (66.2) 65 (64.4) 68 (68.0) 0.585

β-blockers (%) 126 (62.7) 61 (60.4) 65 (65.0) 0.500

Diuretics (%) 109 (54.2) 48 (47.5) 61 (61.0) 0.055

Statins (%) 58 (28.9) 25 (24.8) 33 (33.0) 0.197

ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BNP, B-type natriuretic peptide; CCB, calcium channel 
blocker; DROM, derivatives of reactive oxidative metabolites; E/e′, ratio of early transmitral flow velocity to tissue Doppler early diastolic mitral annular velocity; 
HF, heart failure; hs-CRP, high-sensitivity C-reactive protein; LAD, left atrium diameter; LVDd, left ventricular end-diastolic dimension; LVEF, left ventricular 
ejection fraction; NIHF, nonischemic heart failure; OR, odds ratio; and U.CARR, Carratelli unit.



J Am Heart Assoc. 2021;10:e016765. DOI: 10.1161/JAHA.120.016765� 6

Nishihara et al� Reactive Oxygen Species in NIHF

than the low-DROM group (P=0.001 by log-rank test; 
Figure  2A). DROM levels were significantly higher 
in patients with NIHF with HF-related events than 
in those without HF-related events (411 [350–506] 

U.CARR versus 348 [300–397] U.CARR; P<0.001; 
Figure  2B). Futhermore, DROM levels were signifi-
cantly higher in patients with NIHF with New York 
Heart Association class III/IV than in those with class 

Figure 2.  Follow-up analysis in 201 patients with NIHF.
A, Kaplan–Meier analysis of probability of HF-related events in patients with NIHF with low or high DROM 
value. B, Serum DROM levels without or with HF-related events. A, Using the median value of DROM (354 U.
CARR), patients with HFrEF were divided into 2 groups. Kaplan–Meier analysis showed a significantly 
higher probability of HF-related events in patients with NIHF in the high-DROM group than in those in the 
low-DROM group (P=0.001 by log-rank test). B, DROM levels were significantly higher in patients with NIHF 
with HF-related events than in those without HF-related events (P<0.001 by Mann–Whitney U test). DROM 
indicates derivatives of reactive oxidative metabolites; HF, heart failure; and U.CARR, Carratelli unit.
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Table 2.  Cox Hazard Analysis of HF-Related Events in Patients With NIHF

Variables Cording

Univariate Multivariable

OR 95% CI P Value OR 95% CI P Value

Age Per 1 y 0.995 0.971–1.018 0.649 …

Sex Male (vs female) 0.661 0.347–1.261 0.209 …

Body mass index Per 1 kg/m2 1.089 1.023–1.159 0.008 Not selected

Hypertension Yes (vs no) 0.714 0.373–1.369 0.311 …

Diabetes mellitus Yes (vs no) 1.013 0.490–2.092 0.973 …

Dyslipidemia Yes (vs no) 0.877 0.460–1.671 0.689 …

History of smoking Yes (vs no) 0.824 0.430–1.579 0.559 …

Chronic kidney disease Yes (vs no) 1.059 0.549–2.042 0.864 …

DROM Per 1 U.CARR 1.008 1.005–1.012 <0.001 1.004 1.000–1.008 0.030

BNP Per 1 ln-BNP 2.452 1.703–3.531 <0.001 …

Hemoglobin Per 1 g/dL 0.799 0.684–0.933 0.005 Not selected

Hs-CRP Per 1 ln-hs-CRP 1.694 1.342–2.140 <0.001 …

Hs-troponinT Per 1 
ln-hs-troponinT

2.097 1.609–2.733 <0.001 2.336 1.646–3.313 <0.001

Serum sodium Per 1 mEq/L 0.871 0.784–0.967 0.010 Not selected

LVEF Per 1 % 0.985 0.964–1.005 0.143 …

LVDd Per 1 mm 1.027 0.996–1.059 0.092 …

LAD Per 1 mm 1.062 1.014–1.112 0.011 1.058 1.009–1.109 0.019

E/e′ Per 1 1.035 1.007–1.062 0.012 Not selected

BNP indicates B-type natriuretic peptide; DROM, derivatives of reactive oxidative metabolites; E/e′, the ratio of early transmitral flow velocity to tissue Doppler 
early diastolic mitral annular velocity; HF, heart failure; Hs-CRP, high-sensitivity C-reactive protein; Hs-troponinT, high-sensitivity troponin T; LAD, left atrial 
diameter; LVDd, left ventricular end-diastolic dimension; LVEF, left ventricular ejection fraction; NIHF, nonischemic heart failure; and OR, odds ratio.
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II (344 [294–384] versus 399 [344–467] U.CARR, re-
spectively; P<0.001) (data not shown).

Cox Proportional Hazard Analysis of HF-
Related Events
The results of univariate and multivariable regres-
sion Cox proportional hazard analysis for HF-related 
events are shown in Table 2. A univariate Cox hazard 
analysis identified 9 variables as significant predictors 
(body mass index, DROM, log-transformed BNP, log-
transformed hs-CRP, hemoglobin, log-transformed 
high-sensitivity troponinT, serum sodium, left atrial 
diameter, and E/e′). In consideration of the internal 
correlations of DROM with log-transformed BNP 
(r=0.238; P=0.001), with hs-CRP (r=0.465; P<0.001), 
we excluded BNP and hs-CRP from multivariable 

Cox hazard analysis. In a multivariable Cox hazard 
analysis including significant predictors in univariate 
Cox hazard analysis by forward stepwise methods, 
DROM was independently and significantly associ-
ated with HF-related events (hazard ratio, 1.004; 
95% CI, 1.000–0.008; P=0.030). The Akaike’s infor-
mation criterion value of DROM was 370.8 in univari-
ate model and 345.0 in multivariate model.

Follow-Up and Comparison of Baseline 
Characteristics Among HF Categories
There were no differences in the frequency of HF-
related events among the HF categories (HFrEF; n=16, 
20.3% versus HFmrEF; n=7, 20.0% versus HFpEF; 
n=14, 16.1%; P=0.760). Kaplan–Meier analysis re-
vealed that there were no significant differences in the 

Figure 3.  Kaplan–Meier analysis of the probability of HF-related events in patients with HFrEF, HFmrEF and HFpEF.
Kaplan–Meier analysis revealed that there were no significant differences in the probability of HF-related events among HF categories 
(P=0.796 by log-rank test). EF indicates ejection fraction; HF, heart failure; HFmrEF, HF with midrange EF; HFpEF, HF with preserved 
EF; and HFrEF, HF with reduced EF.
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probability of HF-related events among HF categories 
(P=0.796 by log-rank test; Figure 3).
A comparison among baseline characteristics of each 
HF category is shown in Table 3. Patients with HFrEF 
were significantly younger and more frequently had a 
history of smoking and New York Heart Association clas-
sifications of III and IV than patients with both HFmrEF 
and HFpEF. Patients with HFrEF also constituted a 

significantly higher percentage of men, a lower preva-
lence of hypertension, and higher levels of hemoglobin 
than patients with HFpEF. Patients with HFpEF had a 
higher percentage of calcium channel blocker usage as 
well as a lower percentage of diuretic, renin-angiotensin 
system inhibitor, and β-blocker usage than patients with 
HFrEF and HFmrEF. Regarding etiology, patients with 
HFrEF were mostly patients with dilated cardiomyopathy 

Table 3.  Baseline Characteristics of HFrEF, HFmrEF and HFpEF Patients

HFrEF (n=79) HFmrEF (n=35) HFpEF (n=87) P Value

Age, y 60.3±14.4*,* 67.7±13.1 68.0±11.1 0.001

Male sex (%) 61 (77.2)† 21 (60.0) 36 (41.4) <0.001

Body mass index, kg/m2 23.9±5.1 25.1±5.0 24.7±4.6 0.437

Hypertension (%) 36 (45.6)† 21 (60.0) 68 (78.2) <0.001

Diabetes mellitus (%) 26 (32.9) 9 (25.7) 22 (25.3) 0.518

Dyslipidemia (%) 30 (38.0) 18 (51.4) 52 (59.8) 0.019

History of smoking (%) 57 (72.2)*,* 16 (45.7) 26 (29.9) <0.001

NYHA III or IV (%) 41 (51.9)*,* 8 (22.9) 19 (21.8) <0.001

DROM, U.CARR 362 [309–432] 358 [330–417] 348 [284–401] 0.116

BNP, pg/mL 182 [75–486] 178 [99–413] 149 [68–292] 0.254

eGFR, mL/min per 1.73 m2 62.6±16.2 58.4±13.5 63.1±15.5 0.333

Hemoglobin, g/dL 14.2±2.1† 13.8±2.0 13.2±2.0 0.004

Hs-CRP, mg/dL 0.12 [0.04–0.36] 0.06 [0.03–0.21] 0.08 [0.03–0.13] 0.190

Hs-troponinT, ng/L 19.4 [10.0–38.2] 18.6 [9.9–32.3] 18.0 [8.7–31.9] 0.234

Serum sodium, mEq/L 139.3±3.3 140.5±2.6 140.4±2.4 0.023

LVEF, % 29.3±7.1*,* 44.9±2.9† 62.8±5.0 <0.001

LVDd, mm 58.7±10.5*,* 52.3±7.7† 42.6±6.1 <0.001

LAD, mm 42.0±9.1 41.2±7.1 41.8±7.2 0.901

E/e′ 15.6±6.3*,* 18.3±5.1 19.7±8.7 0.002

CCB (%) 15 (19.0)† 5 (14.3)† 40 (46.0) <0.001

ACEI or ARB (%) 63 (79.7)† 28 (80.0)† 42 (48.3) <0.001

β-blockers (%) 59 (74.7)† 28 (80.0)† 39 (44.8) <0.001

Diuretics (%) 60 (75.9)† 20 (57.1) 29 (33.3) <0.001

Statins (%) 16 (20.3) 11 (31.4) 31 (35.6) 0.079

Etiology of heart failure

Dilated cardiomyopathy 49 (62.0)*,* 11 (31.4)† 2 (2.3) <0.001

Hypertrophic 
cardiomyopathy

1 (1.3)† 4 (11.4)† 27 (31.0) <0.001

Hypertensive heart disease 9 (11.4) 2 (5.7) 13 (14.9) 0.251

Cardiac amyloidosis 2 (2.5) 6 (17.1) 7 (8.0) 0.045

Cardiac sarcoidosis 1 (1.3) 2 (5.7) 2 (2.3) 0.546

Valvular heart diseases 4 (5.1) 2 (5.7) 7 (8.0) 0.726

Arrhythmogenic 
cardiomyopathy

4 (5.1) 2 (5.7) 7 (8.0) 0.726

Others 9 (11.4) 6 (17.1) 22 (25.3) 0.069

ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BNP, B-type natriuretic peptide; CCB, calcium channel 
blocker; DROM, derivatives of reactive oxidative metabolites; E/e′, ratio of early transmitral flow velocity to tissue Doppler early diastolic mitral annular velocity; 
EF, ejection fraction; eGFR, estimated glomerular filtration ratio; HF, heart failure; HFmrEF, HF with midrange EF; HFpEF, HF with preserved EF; HFrEF, HF with 
reduced EF; Hs-CRP, high-sensitivity C-reactive protein; Hs-troponinT, high-sensitivity troponin T; LAD, left atrial diameter; LVDd, left ventricular end-diastolic 
dimension; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association functional class; and U.CARR, Carratelli unit.

*P<0.05 compared with HFmrEF group.
†P<0.05 compared with HFpEF group.
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(62.0%), while patients with HFpEF were mostly patients 
with hypertrophic cardiomyopathy (31.0%) and hyperten-
sive heart disease (14.9%). There was no significant dif-
ference in DROM levels among HF categories. However, 
we compared the DROM levels between those with or 
without HF events in each HF category and found that 
the DROM levels in patients with HFrEF and HFpEF with 
HF-related events were significantly higher than those 
in patients without HF-related events (P=0.003 and 
P<0.001, respectively; Figure 4).

Follow-Up and Baseline Characteristics 
HFnonrecEF and HFrecEF
The frequency of HF-related events was significantly 
higher in the patients with HFnonrecEF than in the pa-
tients with HFrecEF (n=12, 46.2% versus n=3, 6.5%; 
P<0.001). Kaplan–Meier analysis revealed that pa-
tients with HFrecEF had a significantly and dramati-
cally lower probability of HF events than did patients 
with HFnon-recEF (P<0.001 by log-rank test; Figure 5).
Table 4 shows the comparison among baseline char-
acteristics of patients with HFnonrecEF (n=26) and 
HFrecEF (n=46). The DROM levels were significantly 
higher in patients with HFnonrecEF than in patients 
with HFrecEF (395 [351–478] U.CARR versus 335 
[304–392] U.CARR; P=0.004). The BNP levels were 
significantly lower, and the serum sodium and esti-
mated glomerular filtration rate levels were higher in pa-
tients with HFrecEF than in patients with HFnonrecEF. 
Patients with HFrecEF showed a significantly higher 
LVEF before treatment and a lower LV end-diastolic 
dimension than patients with HFnonrecEF. No sig-
nificant difference was observed in the rate of drug 
usage at the moment of DROM measurement.

Receiver Operating Characteristic 
Curve Analysis and Logistic-Regression 
Analysis for the Prediction of HFrecEF
To predict whether patients with HFrEF changed to 
HFrecEF or HFnonrecEF, we constructed receiver 
operating characteristic curve analysis. DROM val-
ues significantly correlated with LVEF improvement, 
and the cutoff value for the prediction of HFrecEF 
was 347 U.CARR (sensitivity, 0.808; specificity, 0.609; 

Figure 4.  Serum DROM levels between patients with and without HF-related events in each HF 
category.
A, HFrEF, (B) HFmrEF, (C) HFpEF. DROM levels in patients with HFrEF and HFpEF but not patients 
with HFmrEF with HF-related events were significantly higher than those in patients without HF-related 
events (P<0.003, P=0.820, and P<0.001, respectively, by Mann–Whitney U test). EF indicates ejection 
fraction; HF, heart failure; HFmrEF, HF with midrange EF; HFpEF, HF with preserved EF; and HFrEF, HF 
with reduced EF.
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Figure 5.  Kaplan–Meier analysis for the probability of HF-
related events in patients with HFrecEF and HFnonrecEF.
Kaplan–Meier analysis revealed that patients with HFrecEF had 
a significantly lower probability of HF events than did patients 
with HFnonrecEF (P<0.001 by log-rank test). HF indicates heart 
failure; HFnonrecEF, HF with nonrecovered EF; and HFrecEF, HF 
with recovered EF.
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Figure 6). Furthermore, the C-statistic value to predict 
LVEF improvement in terms of the DROM levels was 
0.703 (95% CI, 0.575–0.831; P=0.004). These results 
indicated that the DROM value could predict future EF 
improvements in patients with HFrEF.
In a univariate logistic regression analysis, 9 variables 
were identified as significant parameters related to the 
prediction of HFrecEF. In a multivariable logistic re-
gression analysis, concomitant with hypertension and 
chronic kidney disease, LV end-diastolic dimension 
and DROM <347  U.CARR were independently and 
significantly associated with the prediction of HFrecEF 

(DROM <347  U.CARR [odds ratio, 4.681; 95% CI, 
1.228–17.844; P=0.024]; Table  5). The Akaike’s infor-
mation criterion value of DROM <347  U.CARR was 
85.9 in the univariate model and 70.6 in the multivari-
ate model.

DISCUSSION
We have been investigating the association of various 
biomarkers with the prognosis of HF since before,21,22 
and previously reported that DROM might be a useful 

Table 4.  Baseline Characteristics of Patients With HFnonrecEF and HFrecEF

HFnonrecEF (n=26) HFrecEF (n=46) P Value

Age, y 60.8±13.7 60.6±14.6 0.968

Male sex (%) 20 (76.9) 35 (76.1) 0.936

BMI, kg/m2 23.3±4.6 24.0±5.5 0.548

Hypertension (%) 7 (26.9) 26 (56.5) 0.015

Diabetes mellitus (%) 7 (26.9) 13 (28.3) 0.903

Dyslipidemia (%) 8 (30.8) 20 (43.5) 0.288

History of smoking (%) 20 (76.9) 33 (71.7) 0.632

NYHA III or IV (%) 19 (73.1) 18 (39.1) 0.006

DROM, U.CARR 395 [351–478] 335 [304–392] 0.004

BNP, pg/mL 395 [163–680] 147 [52–287] 0.001

eGFR, mL/min per 1.73 m2 54.8±19.2 66.4±16.1 0.008

Hemoglobin, g/dL 14.4±2.1 14.5±1.8 0.930

Hs-CRP, mg/dL 0.26 [0.11–0.36] 0.05 [0.03–0.21] 0.002

Hs-troponinT, ng/L 26.8 [20.7–40.4] 13.5 [9.1–30.3] 0.013

Serum sodium, mEq/L 137.8±3.1 140.4±3.1 0.001

LVEF, % 26.2±8.0 30.9±6.0 0.011

LVDd, mm 64.7±9.1 55.5±9.8 <0.001

LAD, mm 44.8±9.3 39.9±8.9 0.031

E/e′ 17.0±7.8 14.6±5.4 0.135

CCB (%) 2 (7.7) 11 (23.9) 0.077

ACEI or ARB (%) 20 (76.9) 39 (84.8) 0.299

β-blockers (%) 20 (76.9) 37 (80.4) 0.725

Diuretics (%) 21 (80.8) 33 (71.7) 0.395

Statins (%) 5 (19.2) 11 (23.9) 0.646

Etiology of heart failure

Dilated cardiomyopathy 21 (80.8) 25 (54.3) 0.025

Hypertrophic cardiomyopathy 0 (0) 0 (0) …

Hypertensive heart disease 0 (0) 8 (17.4) 0.022

Cardiac amyloidosis 1 (3.8) 0 (0) 0.361

Cardiac sarcoidosis 1 (3.8) 0 (0) 0.361

Valvular heart diseases 1 (3.8) 3 (6.5) 0.542

Arrhythmogenic cardiomyopathy 0 (0) 4 (8.7) 0.159

Others 2 (7.7) 6 (13.0) 0.392

ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BNP, B-type natriuretic peptide; CCB, calcium channel blocker; 
DROM, derivatives of reactive oxidative metabolites; E/e′, the ratio of early transmitral flow velocity to tissue Doppler early diastolic mitral annular velocity; EF, 
ejection fraction; eGFR, estimated glomerular filtration ratio; HF, heart failure; HFnonrecEF, HF with nonrecovered EF; HFrecEF, HF with recovered EF; Hs-CRP, 
high-sensitivity C-reactive protein; Hs-troponinT, high-sensitivity troponin T; LAD, left atrial diameter; LVDd, left ventricular end-diastolic dimension; LVEF, left 
ventricular ejection fraction; NYHA, New York Heart Association functional class; and U.CARR, Carratelli unit.
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biomarker of ROS for the risk stratification and the 
prediction of future cardiovascular events in patients 
with both HFpEF and HFrEF.10,11 Although patients 
with HF in the present study overlapped with 10% to 
20% of study subjects in these previous studies11,22 
because of the difference of study period, we newly 
found that the DROMs are significantly and indepen-
dently associated with HF-related events in patients 
with NIHF in this study. To examine whether DROM 
is not a marker of HF disease etiology, moreover, we 
further compared the enrolled patients with NIHF in 
this study with patients with HF coexisting with coro-
nary artery disease. As a result, patients with high 
DROM were closely associated with significantly in-
creased risk of HF-related events than patients with 
low DROM regardless of whether NIHF was ischemic 
or nonischemic (data not shown). Thus, we speculate 
that DROM could not be a marker of HF disease eti-
ology but rather disease progression and instability. 
Among the HF categories, moreover, patients with 
HFrEF and HFpEF but not HFmrEF with HF-related 
events had higher DROM levels than those without 
HF-related events in this study. Although the DROM 
test has been reported to predict initial HF hospi-
talization in elderly patients with HF,13 the present 
work is the first report of a significant association of 
serum DROM levels with future HF-related events in 

nonischemic HFrEF, and our findings are similar to 
those in a previous report of other ROS biomarkers 
in patients with HF with dilated cardiomyopathy.23 
However, our approach differed in that the method 
used in that study to measure oxidative stress re-
flected the overall oxidative status and excluded 
non–hydroperoxide-related ROS-mediated biomark-
ers. Furthermore, one of the limitations of this study 
is that we have not examined antioxidative status in 
patients with HF. The measurement of biological an-
tioxidative potential, an index of antioxidative activity, 
in addition to DROM is needed to provide insightful 
information about mechanisms of ROS in HF by fur-
ther clinical study.

Interestingly, only patients with HFmrEF with 
HF-related events had no significant difference in 
DROM levels compared with those without HF-
related events, differing from patients with HFrEF and 
HFpEF. In 2016, the European Society of Cardiology 
introduced the category HFmrEF to acknowledge 
the “gray area” between HFrEF and HFpEF,1 and this 
range of LVEF is less well studied compared with 
HFpEF and HFrEF. The recent largest prospective 
observational cohort in Japan, the CHART-2 (Chronic 
Heart Failure Analysis and Registry in the Tohoku 
District-2) study clearly demonstrated that HFmrEF 
dynamically transitions to HFpEF or HFrEF, especially 
within 1 year, suggesting that HFmrEF represents a 
transitional status or an overlap zone between HFpEF 
and HFrEF, rather than an independent entity of HF.24 
As described above, DROM values in patients with 
HFrecEF were significantly lower than those in pa-
tients with HFnonrecEF, indicating that DROM values 
in patients with HFmrEF transitioning from HFrEF to 
HFrecEF could be lower than those in patients with 
stable chronic HFmrEF. Hence, we speculate that 
DROM values in patients with HFmrEF can be coun-
terbalanced by the presence of various phenotypes 
of patients with HFmrEF because HFmrEF represents 
a transitional status between HFpEF and HFrEF. In 
the present study, unfortunately, the changes in LVEF 
in over half of the enrolled patients with NIHF were 
not examined, while HF phenotypes in the present 
study were categorized by LVEF values assessed 
only at study registration. Hence, further studies with 
follow-up data are needed to examine the effects of 
oxidative status by changes in LVEF in patients with 
HFmrEF.

In the present study of patients with NIHF, the prev-
alence of HFmrEF was 17.4%, while that of HFpEF and 
HFrEF was 43.2% and 39.3%, respectively. Although 
the present study was a single-center design with a 
relatively small patient population that enrolled only pa-
tients with NIHF, these prevalences of HFmrEF, HFrEF 
and HFpEF were comparable with previous reports in 
Western countries.25–27 In terms of the prognosis of 

Figure 6.  Receiver operating characteristic (ROC) analysis 
of DROM for the prediction of HFrecEF.
ROC analysis showed that DROM values were significantly 
correlated with EF recovery, and the cutoff value for the prediction 
of HFrecEF was 347 U.CARR. The C-statistic value for the DROM 
levels identified in patients with HFrEF was 0.703 (95% CI, 0.575–
0.831; P=0.004). AUC indicates area under curve; HFrecEF, heart 
failure with recovered ejection fraction; and U.CARR, Carratelli 
unit.
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patients with NIHF, a previous report by Cheng et al25 
demonstrated that patients with HFmrEF had higher 
readmission rates than patients with HFpEF and that 
mortality rates were comparable to those of HFrEF 
and HFpEF. By contrast, CHART-2 demonstrated that 
HFmrEF had an intermediate incidence of all-cause 
death, cardiovascular death, and HF admission be-
tween HFpEF and HFrEF, while incidences of noncar-
diovascular death, acute myocardial infarction, and 
stroke were comparable among the 3 groups.24 In the 
present study, there were no significant differences 
in the probability of HF-related events among HF cat-
egories according to the Kaplan–Meier analysis. This 
discrepancy between these previous studies and the 

present study could be explained by the difference in 
the inclusion criteria of the patients (hospitalized HF ver-
sus stable HF) and the difference in the etiology of HF 
(NIHF versus ischemic HF), rather than geographic and 
racial differences. Further clinical studies are needed to 
determine the underlying pathophysiology of HFmrEF.

Few reports have discussed the association of bio-
markers of ROS with adverse clinical outcomes and LVEF 
recovery in patients with NIHF, but the identification of 
predictors of future HF-related events and therapeutic 
responders (recovered LVEF) in nonischemic HFrEF is of 
great clinical importance. A recent study by Breathett et 
al28 reported that LVEF changes predicted both survival 
and hospitalization for HF in patients with HFrEF. Indeed, 

Table 5.  Logistic Regression Analysis for the Prediction of HFrecEF

Variables Cording

Univariate Multivariable

OR 95% CI P Value OR 95% CI P Value

Age, y Per 1 y 0.999 0.966–1.034 0.968 …

Sex (male) Male (vs female) 0.955 0.306–2.974 0.936 …

Body mass index, 
kg/m2

Per 1 kg/m2 1.030 0.936–1.135 0.543 …

Hypertension (yes) Yes (vs no) 3.529 1.242–10.027 0.018 4.813 1.252–18.497 0.022

Diabetes mellitus 
(yes)

Yes (vs no) 1.069 0.364–3.143 0.903 …

Dyslipidemia (yes) Yes (vs no) 1.731 0.626–4.783 0.290 …

History of smoking 
(yes)

Yes (vs no) 0.762 0.250–2.323 0.632 …

Chronic kidney 
disease (yes)

Yes (vs no) 0.289 0.105–0.792 0.016 0.183 0.048–0.702 0.013

DROM, U.CARR Per 1 U.CARR 0.991 0.984–0.997 0.005 …

DROM <347 U.CARR 
(yes)

Yes (vs no) 6.533 2.087–20.488 0.001 4.681 1.228–17.844 0.024

BNP, pg/mL Per 1 ln-BNP 0.997 0.995–0.999 0.003 Not selected

Hemoglobin, g/dL Per 1 g/dL 1.012 0.782–1.308 0.929 …

Serum sodium, 
mEq/L

Per 1 mEq/L 1.392 1.113–1.739 0.004 Not selected

LVEF, % Per 1 % 1.103 1.026–1.187 0.008 Not selected

LVDd, mm Per 1 mm 0.885 0.822–0.954 0.001 0.900 0.832–0.975 0.010

LAD, mm Per 1 mm 0.935 0.878–0.996 0.037 Not selected

E/e′ Per 1 0.944 0.873–1.020 0.143 …

CCB (yes) Yes (vs no) 3.771 0.766–18.562 0.103 …

ACEI or ARB (yes) Yes (vs no) 1.671 0.495–5.641 0.408 …

β-blockers (yes) Yes (vs no) 1.233 0.384–3.964 0.725 …

Diuretics (yes) Yes (vs no) 0.604 0.188–1.943 0.398 …

Statins (yes) Yes (vs no) 1.320 0.403–4.328 0.647 …

Dilated 
cardiomyopathy (yes)

Yes (vs no) 0.283 0.091–0.882 0.029 Not selected

Hosmer–Lemeshow 
χ2

8.589

P value 0.378

ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BNP, B-type natriuretic peptide; CCB, calcium channel blocker; 
DROM, derivatives of reactive oxidative metabolites; E/e′, ratio of early transmitral flow velocity to tissue Doppler early diastolic mitral annular velocity; EF, 
ejection fraction; HF, heart failure; HFrecEF, HF with recovered EF; LAD, left atrial diameter; LVDd, left ventricular end-diastolic dimension; LVEF, left ventricular 
ejection fraction; and U.CARR, Carratelli unit.
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Kaplan–Meier analysis in the present study revealed that 
patients with HFrecEF had a significantly and dramati-
cally lower probability of HF events than did patients with 
HFnonrecEF. Moreover, DROM values in patients with 
HFrecEF were significantly lower than those in patients 
with HFnon-recEF. To examine the cutoff value of DROM 
for the prediction of HFrecEF, we further performed re-
ceiver operating characteristic analysis and found that 
DROM was a significant predictor of HFrecEF (cutoff value 
of DROM, 347 U.CARR). Therefore, the results of this study 
suggest not only that the DROM response to optimal 
therapy is predictive of HF-related events in NIHF but also 
that ROS provides a novel therapeutic target, especially 
of nonischemic HFrEF. However, in several of the clinical 
studies investigating the role of ROS in cardiovascular 
diseases as a therapeutic target, the initial trials were of 
limited success29,30; additionally, as far as we know, there 
have been no positive clinical data on antioxidant therapy 
for HFrEF, including for patients with NIHF. Our study was 
observational rather than interventional and did not test 
antioxidative drugs. Large-scale interventional studies in 
nonischemic patients with HFrEF are still necessary.

Previous reports including CHART-224,31,32 showed 
that ischemic heart disease etiology was negatively 
associated with LVEF recovery in patients with HF. To 
examine whether DROM is not a marker of HF disease 
etiology, we further examined patients with HFrecEF with 
coexisting coronary artery disease (ischemic HFrecEF). 
As a result, patients with high DROM levels were closely 
associated with a significantly increased risk of HF-related 
events compared with patients with low DROM levels re-
gardless of whether HFrecEF was ischemic or nonisch-
emic (data not shown). Thus, we speculate that DROM 
may not be a marker of HF disease etiology but rather of 
disease progression and instability. However, our present 
results, which first demonstrate the usefulness of DROM 
for predicting HFrecEF, may provide clinically important 
information because the role of biomarkers in predicting 
HFrecEF and HF-related events in patients with NIHF re-
mains an active area of investigation.33

In conclusion, serum DROM level could provide 
important prognostic information for risk stratification 
in any category of NIHF and was a useful and novel 
biomarker of ROS for predicting HFrecEF and future 
HF-related events in patients with HFrEF.
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