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Abstract : Background : Carbon monoxide (CO) was previously only considered as a highly toxic 
pollutant since it binds to hemoglobin with high affinity.  Recently, however, it has been recognized 
as a signaling molecule with regulatory roles in many physiological and pathophysiological processes 
within the cardiovascular system.  The aim of this study was to clarify the behavior of CO in pa-
tients with acute coronary syndrome (ACS).	  
Methods : We assessed 235 patients with suspected ACS, 98 smokers (88 male, 62 ± 14 years) and 
137 nonsmokers (77 male, 72 ± 13 years), who had undergone emergent cardiac catheterization and 
blood sampling for calculation of carboxyhemoglobin (COHb).  Patients were categorized into 4 
groups : smoking patients with ACS (n=77), smoking patients without ACS (n=21), non-smoking 
patients with ACS (n=97), and non-smoker patients without ACS (n=40).  We investigated wheth-
er biomarkers were related to COHb levels.	  
Results : LogCOHb was significantly higher in the smoking patients compared to non-smoking pa-
tients (0.30 ± 0.12 vs. 0.45 ± 0.18, P < 0.01).  Interestingly, among the non-smoking patients, 
COHb was increased in the ACS patients compared to the non ACS patients (0.31 ± 0.12 vs. 0.25 ± 
0.12 P < 0.01).  In contrast, among the smoking patients, there was no difference in COHb be-
tween the ACS and non-ACS patients (0.45 ± 0.18 vs. 0.44 ± 0.18, n.s.).  There were no correla-
tions between COHb and any of the biomarkers.	  
Conclusions : These results suggest that endogenous CO may be useful to assess the risk of car-
diovascular stress.
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Introduction

Carbon monoxide (CO), which was previously 
only considered as a highly toxic pollutant due to its 
high-affinity binding to hemoglobin1), has recently 
been recognized as a signaling molecule with regula-
tory roles in many physiological and pathophysiolog-
ical processes within the cardiovascular, immune, 
and nervous systems2-5).  The physiological signal-
ing effects of CO involve modulation of soluble gua-

nylate cyclase and subsequent upregulation of cyclic 
guanosine monophosphate (cGMP) production simi-
lar to those of nitric oxide (NO)6).  CO is endoge-
nously produced during the processes of heme ca-
tabolism via heme oxygenase (HO)7).  Since 
protective roles of HO under various pathophysio-
logical processes have been reported8,9), the roles of 
CO under these processes have been currently con-
cerned10,11).  Moreover, the vasodilatation proper-
ties of CO, which also has anti-apoptotic and anti-in-

Corresponding author : Atsushi Kobayashi, MD, PhD  E-mail koba-a@fmu.ac.jp
https://www.jstage.jst.go.jp/browse/fms  http://www.fmu.ac.jp/home/lib/F-igaku/



73CARBON MONOXIDE ELEVATES IN ISCHEMIC HEART

flammatory potentials2,3), have been investigated in 
the cardiovascular system12).  We previously re-
ported that synergetic antioxidant and vasodilatory 
action of carbon monoxide attenuated angiotensin II-
induced cardiac hypertrophic change13).  Although 
the cytoprotective roles of CO has been investigated 
by in vitro studies using CO releasing molecules (11) 
and in vivo studies using high exogenous CO expo-
sure14), the behavior of CO under pathophysiological 
conditions is still unknown.  It has been widely re-
ported that healthy smokers have high concentration 
levels of CO, which is measured by carboxyhemoglo-
bin (COHb) (15), but the endogenous CO concentra-
tion levels of those with various pathophysiological 
conditions are unclear.  In the present study, we 
clarified the behavior of CO in patients with acute 
coronary syndrome (ACS), and investigated whether 
CO could be a novel biomarker of ACS.

Methods

Subject and study protocol

This study enrolled 235 consecutive patients 
who had visited the emergency room because of 
chest pain and underwent emergency cardiac cathe-
terization at Fukushima Medical University Hospital 
between 2011 and 2013.  COHb levels were mea-
sured by blood gas analysis (ABL-800 FLEX, Radi-
ometer, Copenhagen, Denmark) which was using 
aortic blood sampling obtained from all partici-
pants.  Patients with shock vital, performance of 
cardiopulmonary resuscitation, and performance of 
intubation were excluded.  The presence of ACS 
was defined as coronary total occlusion or advanced 
coronary stenosis by emergency cardiac catheteriza-
tion, and patients who were not recognized as hav-
ing significant coronary stenosis were defined as 
non-ACS patients.  We examined several biomark-
ers, such as creatinine kinase (CK), troponin I, brain 
natriuretic peptide (BNP), which were samples col-
lected at the same time as blood gas collection.  In 
addition, we investigated the coronary risk factors 
hypertension, diabetes mellitus, and dyslipidemia.

Hypertension was defined as the recent use of 
antihypertensive drugs, or the recent diagnosis of 
hypertension with a systolic pressure of ≥140 
mmHg and/or diastolic blood pressure of ≥90 
mmHg.  Diabetes mellitus was defined as the re-
cent use of insulin or antidiabetic drugs, the recent 
diagnosis of diabetes mellitus with a fasting blood 
glucose value of ≥126 mg/dl, and/or a hemoglobin 
A1c value (NGSP) of ≥6.5%.  Dyslipidemia was de-

fined as the recent use of cholesterol-lowering 
drugs, a recent diagnosis of dyslipidemia with a tri-
glyceride value of ≥150 mg/dl, a low-density lipo-
protein cholesterol value of ≥140 mg/dl, and/or a 
high-density lipoprotein cholesterol value of <40 
mg/dl.  A smoker was defined as a person who had 
smoked any number of cigarettes until onset of 
symptoms.  A nonsmoker was defined as a person 
who had never smoked before, or had discontinued 
smoking since before visiting our hospital.  Since 
smoking affected endogenous CO levels, we com-
pared COHb between ACS patients and non-ACS 
patients within a nonsmoker population.  Further-
more, we investigated whether biomarkers such as 
CK, troponin I, and BNP were associated with COHb 
levels.  The protocol was approved by the Ethical 
Committee of Fukushima Medical University.

Statistical analysis

Data are expressed as mean±SD or number 
(%).  Because COHb levels were not normally dis-
tributed, we made log transformation for COHb.  
Continuous variables were compared using an un-
paired Student’s t-test as appropriate, and categori-
cal data were analyzed with the chi-squared test.  
We compared carbon monoxide concentrations be-
tween ACS and non-ACS using multivariable-ad-
justed model in non-smokers and smokers, respec-
tively.  Spearman’s correlation coefficient was used 
to assess the relationship between COHb and bio-
markers.  The optimal cut off value of COHb for the 
diagnosis of ACS was assessed using the receiver 
operating characteristics (ROC) curve analysis.  All 
statistical analyses were done using SPSS version 
21 (SPSS, Chicago, IL, USA).  A P value of <0.05 
was considered statistically significant.

Results

In patients who had been admitted with chest 
pain, the prevalence of ACS was 74.0% (174/235).  
Among these, 77.0% (134/174) were male, as shown 
in Table 1.  In addition, the percentage of smokers 
among the ACS and non-ACS patients were 44.2% 
(77/174) , and 34.4% (21/61), respectively.  Among 
both the ACS and non-ACS patients, the smokers 
were significantly younger than the nonsmokers and 
had a larger percentage of males.  Furthermore, 
ACS patients who were smokers tended to have a 
higher body mass index than those who did not 
smoke.  As for coronary risk factors, no significant 
differences were observed regarding the prevalence 
of hypertension and dyslipidemia between each 
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group.  The ACS patients had a high prevalence of 
diabetes mellitus compared with the non-ACS pa-
tients in both smokers and nonsmokers (Table 1).

As shown in Figure 1, COHb was significantly 
higher in the smokers compared to nonsmokers 
(0.30 ± 0.12 vs. 0.45 ± 0.18, P < 0.01) in all 
groups.  Figure 2 shows comparisons of COHb be-
tween ACS and non-ACS patients in the nonsmoker 
population.  COHb was significantly higher in the 
ACS patients compared to non-ACS patient in non-
smoker population (0.31 ± 0.12 vs. 0.25 ± 0.12 P < 
0.01).  However, no difference was observed in 
COHb between the ACS and non-ACS patients in 
the smoker population (0.45 ± 0.18 vs. 0.44 ± 0.18, 
n.s.). 

The relationships between COHb and the bio-
markers (troponin I, CK, BNP) are shown in Figure 
3.  There were no correlations between COHb and 

any of the biomarkers.
Figure 4 shows the ROC analysis for ACS diag-

nosis by COHb in nonsmokers, with an optimal cut 
off value of COHb at 0.95%.  The area under the 
curve was 0.60, and the sensitivity and specificity 
were 69.1% and 55.0%, respectively.

Discussion

We have shown here for the first time that 
COHb, assessed using blood gas analysis, is signifi-
cantly elevated in a nonsmoker population with ACS.  
CO is usually regarded as a toxic species that dis-
rupts cellular respiration because CO binds to hemo-
globin with high affinity (1).  However, CO is pro-
duced endogenously in the process of heme 
catabolism by only HO, which is a heme-catabolizing 
enzyme that converts heme into biliverdin, iron, and 
CO.  HO has two isoforms : HO-1, an inducible 
form, and HO-2, a constitutive form5).  HO-1 ex-
pression is induced by various pathophysiological 
conditions16-18).  Biliverdin, a byproduct of heme ca-
tabolism, is endogenously converted bilirubin, and 
protects tissues by antioxidative behavior19).  CO, 
another product of heme catabolism, has profound 
signaling effects on intracellular signaling process-
es.  The vasodilating properties of CO have been 
investigated in the cardiovascular system12,20).  CO 
also has antiapoptotic2) and anti-inflammatory3) po-
tentials.  In addition, we showed previously that 
CO also had antioxidative behavior13).

Tobacco smoking is an important source of CO 
as a pollutant15).  COHb commonly reaches a level 
of two or more percent in smokers and may even 
exceed 10 percent, compared to around one percent 
in nonsmokers15).  In this study, COHb was in-
creased in the smoker patients who were influenced 

Table 1.  Comparisons of clinical features among all patients.

ACS Non-ACS

P-valueNonsmoker 
(n=97)

Smoker 
(n=77)

Nonsmoker 
(n=40)

Smoker 
(n=21)

Age (years)   72 ± 12††   62 ± 14**   71 ± 16†† 　62 ± 17** <0.001

Male gender (n, %) 61 (63) 73 (95) 16 (40) 15 (71) <0.001

Body mass index (kg/cm2) 23.6 ± 2.9†† 25.6 ± 3.9** 22.5 ± 3.1†† 24.9 ± 15.6 <0.001

Co-morbidity

Hypertension (n, %) 62 (64) 43 (56) 30 (75) 12 (57) 0.215

Diabetes (n, %) 35 (36) 30 (39) 6 (15) 2 (10) 0.005

Dyslipidemia (n, %) 49 (51) 38 (49) 12 (30) 6 (29) 0.052

Data given as mean ± SD or n (%).
ACS, acute coronary syndrome.
*P<0.05 and **P<0.01 vs. nonsmoker ACS patients, †P<0.05 and ††P<0.01 vs. smoker ACS patients.Fig. 1 

smoker nonsmoker 

P<0.01 
log COHb 

0.4 

0.2 

0 

0.6 

Fig. 1.  Comparison of COHb between smokers and 
nonsmokers in all subjects.
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strongly by exogenous CO, compared to nonsmoker 
patients (P < 0.01).  Among the smoker patients, 
there was no difference in COHb between the ACS 
and non-ACS patients.  In contrast, among the non-
smoker patients, COHb was increased in the ACS 
patients compared to the non-ACS patients (P < 
0.05).  Of the nonsmokers, COHb concentrations 
were more increased in the ACS patients than those 
in the non-ACS patients.  Because CO is heavily 
influenced by tobacco smoking, the endogenous CO 
was masked with exogenous CO in the smoker pa-
tients.

A number of recent studies, both in vivo and in 
vitro, have reported that HO-1 and its product CO 
have a cytoprotective role against ischemic/reperfu-
sion injury.  Stein et al.  reported that pre-treat-
ment with CO-releasing molecules prior to coronary 
occlusion in mice markedly reduced infarct size10).  
The CO-releasing molecules triggered a cardiopro-
tective signaling cascade that recruited the tran-
scription factors NF-kB, STAT1/3, and Nrf2 with a 
subsequent increase in cardioprotective and anti-
apoptotic molecules in the myocardium leading to a 
late preconditioning-mimetic infarct-sparing ef-
fect11).  It has been reported that after exposure to 
CO had reached toxic levels, several cardiac mani-
festations, including arrhythmias and electrocardio-
graphic alterations21), acute myocardial infarction22), 
takotsubo cardiomyopathy23), and cardiogenic 
shock24), occur.  There are only a few studies that 
have investigated the relationship between cardio-
vascular disease and CO at levels non-toxic to the 
human body.  Cheng et al. reported that high ex-

haled CO levels predicted the development of meta-
bolic syndrome and future cardiovascular disease 
events25).  Moreover, they suggested that elevated 
CO is a marker of greater subclinical cardiovascular 
disease burden and a potential key component in the 
progression from subclinical to clinical cardiovascu-
lar disease26).  Both studies indicated that chronic 
sustentation of high CO levels was reflected in car-
diovascular disease progression.  In the present 
study, there are two reasons why CO was elevated 
at ACS onset.  The first is that ACS patients have 
chronic elevation of endogenous CO concentration, 
which result in high COHb in the emergency room.  
The other reason is that acute reaction during myo-
cardial ischemia elevates endogenous CO concentra-
tion, also resulting in high COHb at emergency 
room.  Because we did not obtain blood gas analysis 
before ACS onset, the reason for elevated CO con-
centrations at onset was not clear.

Although the detailed mechanisms of associa-
tion between the elevation of endogenous CO and 
the onset of ACS remain unclear, our study suggests 
that CO during the acute phase might provide im-
portant clues to the pathogenesis of myocardial sal-
vage following ischemia.  The mechanisms of how 
to elevate COHb concentrations and how to produce 
the cytoprotective effects in ACS patients are not 
revealed.  Further investigation of oxidative stress, 
apoptosis and inflammation markers at the same 
time when blood gas analysis is obtained is consid-
ered necessary to reveal this mechanism.  There-
fore, the cut-off values required for CO to function 
as a cellular defense mechanism was not determi-

ACS non ACS ACS non ACS 

P<0.01 

non smoker smoker 

log COHb (%) 
n.s. 

0.4 

0.2 

0 

Fig. 2 

(A) (B) 

0.6 

log COHb (%) 

0.4 

0.2 

0 

0.6 

Fig. 2.  Comparison of COHb between ACS and non-ACS patients (A) nonsmoker and (B) smoker popula-
tions.  There data were adjusted for gender, age and BMI.
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nate in the present study.  Generally, Trop I and CK 
are markers of myocardial damage used for the diag-
nosis of acute myocardial infarction and the estimate 
of infarction size27,28).  Moreover, BNP is a marker 
of heart failure used to confirm diagnosis, measure 
the severity of left ventricular compromise, quantify 
the functional class, estimate the prognosis, predict 
future cardiac events29-32), and evaluate the efficacy 
of therapy.  In this study no correlation between 

COHb and biomarkers troponin I, CK and BNP, was 
observed.  Because the ROC curve used to identify 
ACS by COHb indicated that the sensitivity was 
69.1% and specificity was 55.0%, we believe that 
COHb is not an effective biomarker for diagnosing 
ACS.  While it has been clearly reported that tropo-
nin I is a main maker of acute myocardial infarction, 
there are quite a few cases where troponin I does 
not increase, such as in unstable angina pectoris, in 
which the myocardium does not come into necrosis, 
as well as in the super early phase of acute myocar-
dial infarction.  Therefore, in the present study we 
investigated ACS patients who were not only affect-
ed by acute myocardial infarction but also unstable 
angina pectoris.  Some ACS patients with high 
COHb had low levels of troponin I, as shown in 
Fig. 3.  Similar results were observed regarding CK 
and BNP levels.  Assuming that CO was induced by 
HO-1 at the exact time of ACS onset, we believe 
that the heart is the first organ in human body in 
which CO concentration is elevated.  Because we 
investigated by blood gas analysis collected from ar-
terial blood in this study, it is considered that COHb 
measured by blood gas analysis was systemic CO 
concentration.  Therefore, we suggest that system-
ic COHb is less accurate than regional COHb in car-
diomyocytes and coronary arteries.  The sensitivity 
and specificity of COHb by itself are less likely to 
make a diagnosis of ACS.  However, it is suggested 
that COHb is treated as a cardiovascular stress 

Fig. 3.  Relations between COHb and biomarkers in the nonsmoker population.  (A) BNP, brain natriuretic 
peptide ; (B) CK ; creatinine kinase ; (C) Troponin I

Fig. 4.  Receiver operating characteristic (ROC) curve 
analysis of COHb for diagnosis of acute coronary 
syndrome.
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marker because CO is induced by HO-1 under vari-
ous cardiovascular stresses.

Study limitations

The present study was a cross-section analysis 
of a single institution.  The number of subjects was 
relatively small.  Hence, prospective studies with a 
larger subject group are needed.

Conclusions

Our results suggest that endogenous CO may 
be useful to assess the risk against cardiovascular 
stress.
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