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Abstract

Background

Carbon monoxide (CO) poisoning may cause toxicity to the cardiovascular system. How-

ever, the association between CO poisoning and the risk of major adverse cardiovascular

events (MACE) remains unestablished. We investigated the incidence of MACE after CO

poisoning in Taiwan and evaluated whether CO-poisoned individuals had a higher risk of

MACE than did the general population.

Methods

Using Taiwan’s National Health Insurance Research Database (NHIRD) during 2005–

2013, a nationwide population-based cohort study was conducted among patients who

experienced CO poisoning between 2005 and 2013. CO poisoning was defined accord-

ing to the International Classification of Diseases, Ninth Revision, Clinical Modification

codes. The study cohort comprised patients with CO poisoning between 2005 and 2010

(N = 13,939). Each patient was matched according to age, sex and index date with four

randomly selected controls from the comparison cohort (N = 55,756). All patients were

followed from the study date until MACE development, death, or the end of 2013. The

hazard ratios for MACE were compared between the two cohorts by using Cox propor-

tional hazards regressions analyses.
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Results

Incident cases of MACE were identified from the NHIRD. After adjustment for potential con-

founders, the study cohort was independently associated with a higher MACE risk (adjusted

hazard ratio, 2.00; 95% confidence interval, 1.83–2.18).

Conclusion

This population-based cohort study indicated that patients with CO poisoning have a higher

risk of MACE than do individuals without CO poisoning.

Introduction

Carbon monoxide (CO) poisoning is a common cause of toxicological morbidity and mortal-

ity. It accounts for 50,000 emergency department (ED) visits and 2700 deaths annually in the

United States[1]. CO is a toxic gas. It is colorless, odorless, tasteless, and initially non-irritating,

therefore, its detection is complicated. Accidental CO poisoning is commonly associated with

faulty or inadequately ventilated gas heating appliances, fires, mining accidents, and automo-

bile exhaust fumes. Moreover, CO present in the smoke produced from burning charcoal can

be used for committing suicide[2]. CO adversely affects nearly all organs and tissues, and the

high oxygen demand of the cardiovascular and central nervous systems causes them to pre-

dominate the acute and delayed clinical features[3]. Cardiovascular manifestations of acute

CO poisoning include myocardial dysfunction, ischemia and infarction, arrhythmias and car-

diac arrest. Myocardial injury with elevated levels of cardiac biomarkers and changes in diag-

nostic electrocardiogram was frequently reported in moderate to severe CO poisoning [4–6].

However, based on a review of the literature, only a few case reports have confirmed the effects

of CO toxicity on the cardiovascular system. Therefore, we conducted a retrospective cohort

study for determining the association between CO poisoning and major adverse cardiovascu-

lar events (MACE) including acute coronary syndrome, heart failure, cerebrovascular acci-

dent, and malignant dysrhythmia. This study provides data on the incidence of MACE after

CO poisoning from a longitudinal health insurance database.

Materials and methods

Longitudinal health insurance database

Taiwan’s National Health Insurance program, established in 1995, provides mandatory uni-

versal health insurance. In 2007, the program covered nearly 99% (>25 million people) of

the residents of Taiwan. The database contains detailed patient information, including data

on sex; date of birth; residential or work area; dates of clinical visits; the International Clas-

sification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes;

prescription details; expenditure amounts; and outcomes at hospital discharge (recovered,

died, or transferred). The study was approved from full review after the Joint Institutional

Review Board of Taipei Medical University. The study was conducted in accordance with

approved guidelines. Informed consent of the study participants was not required because

the dataset used in this study consisted of de-identified secondary data from the NHI

program.
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Study population

The study cohort comprised all patients who received a diagnosis with CO poisoning (ICD-

9-CM 986, E868.8) between January 1, 2005, and December 31, 2010. A history of potential

carbon monoxide exposure, such as being exposed to a residential fire or suicide attempt, may

suggest poisoning, but the coding diagnosis of CO poisoning is confirmed in the hospital by

measuring the levels of carbon monoxide in the blood. The exclusion criterion was MACE

diagnosis (acute coronary syndrome: ICD-9 410–410.9, or ICD-9 36.0–36.03, 36.05–36.09,

36.1–36.99, and V45.81; heart failure: ICD-9 428.0–428.10; cerebrovascular accident or stroke:

ICD-9 430–432, and 433–437; or malignant dysrhythmia: ICD-9 426.0, 426.12–426.13,

426.51–426.52, 426.54, 427.1, 427.4, 427.41–427.42, and 427.5) before the CO exposure index

date. Patients with missing variables, such as birth date and sex, were also excluded from the

study. We also identified patients receiving MACE diagnoses in at least three consecutive

examinations to ensure the accuracy of diagnosis. The resulting study cohort comprised

13,939 patients with CO poisoning. Each patient was then individually followed up from the

index ambulatory visit until MACE development, death, or December 31, 2013.

Matched control sample

The comparison cohort comprised the remaining patients in Taiwan’s National Health Insur-

ance Research Database (NHIRD) between January 1, 2005 and December 31, 2010. Patients

with CO poisoning diagnosed during 2004–2013 were excluded from the comparison cohort.

Patients with MACE diagnosed before index date matching were not included in the compari-

son cohort. In total, 55,756 patients were randomly stratified, and four patients were age (± 1

year-), sex-, and index date-matched with each patient from the study cohort. The index date

was defined as the first day of CO poisoning, and the index date of the comparison cohort cor-

responded with that of the study cohort.

Study endpoint

Each patient was followed from their entry date until development of MACE, death, or

December 31, 2013. MACE diagnoses were confirmed according to the ICD-9 codes in at least

three consistent visits. Inpatient and outpatient diagnoses were reviewed to enable adjustment

for comorbidities, namely diabetes mellitus (DM), cancer, hypertension (HTN), and hyperlip-

idemia, as well as the Charlson comorbidity index (CCI). The National Cause of Death Regis-

try contains data on all deaths; we assessed data available until December 2013. We used

national identification numbers for linking data of the included patients with those obtained

from the aforementioned registry.

Statistical analysis

We compared the demographic data and comorbidities between the study and comparison

cohorts. Differences in demographic characteristics and comorbidities were examined using

the Pearson chi-squared test or the t test. A Cox proportional hazards regression model was

used for comparing hazard ratios (HRs) for MACE between the study and comparison cohorts

after adjustment for potential confounders, namely DM, cancer, HTN, hyperlipidemia, and

CCI. Moreover, dichotomous variables in the model were assessed for proportionality by

using exploratory diagnostic log–log survival plots to meet the proportional hazards assump-

tion. We performed sensitivity analysis excluding patients diagnosed with MACE less than 1–2

years after CO poisoning. The study cohort was also reanalyzed after stratification by age (18–

44, 45–64,� 65 years), sex, comorbidity status, and CCI (�1 or >1). Moreover, we used
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Kaplan–Meier analysis for assessing the proportion of patients without MACE in each cohort.

The MACE cumulative incidence curves based on the Kaplan–Meier estimates of the survival

function for the study and comparison cohorts were plotted. All analyses were performed

using the SAS statistical package (SAS System for Windows, Version 9.3.1, SAS Institute Inc.,

Cary, NC, USA) or SPSS 20 (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Ver-

sion 20.0. Armonk, NY: IBM Corp.). A value of P< 0.05 was considered significant.

Results

Demographic characteristics and comorbidities among the study and comparison cohorts are

presented in Table 1. The study cohort had higher rates of comorbidities before the index date

than did the comparison cohort. The study cohort was more likely to develop DM, cancer,

HTN, and hyperlipidemia and to have a higher CCI (P< 0.001 for all) than was the compari-

son cohort (Table 1).

Table 2 presents the incidence, crude and adjusted HRs for MACE of the two cohorts. Of

all patients in the study cohort, 791 [103.5 per 10,000 person-years] experienced MACE during

the 76,396.7 person-year follow-up period. The crude HR for MACE was 2.36 (95% confidence

interval [CI], 2.16–2.57), and the adjusted HR was 2.00 (95% CI, 1.83–2.18) after adjustment

for DM, cancer, HTN, hyperlipidemia, and the CCI.

Sensitivity analysis results obtained using a Cox proportional hazards regression model for

examining the risk of MACE after CO poisoning are listed in Table 3. We performed sensitiv-

ity analysis after excluding patients with MACE diagnosed fewer than 1–2 years after CO poi-

soning. The association between CO poisoning and MACE remained consistent. The Kaplan–

Meier analysis indicated survival curves for the cumulative incidence of MACE in the study

and comparison cohorts during the 9-year follow-up period. The cumulative incidence of

Table 1. Demographic and clinical characteristics of the study population

Characteristic Carbon monoxide

(N = 13,939)

Reference group

(N = 55,756)

Age, mean (SD), y 38.2 ± 13.2 38.2 ± 13.2

Age group, y

18–39 8,235 (59.1) 32,940 (59.1)

40–59 4,808 (34.5) 19,232 (34.2)

60–79 759 (5.5) 3,036 (5.5)

�80 137 (1.0) 548 (1.0)

Female sex 7,136 (51.2) 28,544 (51.2)

Comorbid conditions before the date index

Diabetes mellitus* 850 (6.1) 2060 (3.7)

Cancer* 463 (3.3) 1,345 (2.4)

Hypertension* 1,504 (10.8) 4,610 (8.3)

Hyperlipidemia* 1,018 (7.3) 3,211 (5.8)

Charlson comorbidity index*

�1 12,113 (86.9) 51,822 (92.9)

1–3 1,360 (9.8) 3,237 (5.8)

>3 466 (3.3) 697 (1.3)

Mean (SD)* 0.6 ± 1.3 0.3 ± 0.9

Follow-up year* 5.5 ± 2.3 6.0 ± 1.9

Abbreviations: N, sample size; SD, standard deviation.

*P-value<0.001, carbon monoxide compared with reference group.

https://doi.org/10.1371/journal.pone.0176465.t001
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MACE during the follow-up for the study cohort was significantly higher than that for the

comparison cohort (P< 0.001) (Fig 1).

After age stratification (Fig 2), the adjusted HR for MACE was 2.98 (95% CI, 2.54–3.49) for

patients aged 18–44 years in the study cohort, which was higher than that reported for patients

in the comparison cohort. Similarly, the adjusted HRs for MACE were 1.84 (95% CI, 1.61–

2.11) and 1.94 (95% CI, 1.63–2.32) in patients aged 45–64 years and� 65 years, respectively,

in the study cohort, which were higher than those for patients in the same age groups in the

comparison cohort. We analyzed the data stratified by sex, DM, HTN, hyperlipidemia and

CCI (�1 or >1). The adjusted HRs for MACE were higher in the study cohort than in the

comparison cohort in all stratifications during the 9-year follow-up period were all higher than

that in the comparison cohort, respectively. The distribution of patients who received a diag-

nosis of CO poisoning by the time of the ED visit is depicted in (Fig 3). The frequency of CO

poisoning increased in winter months every year.

Discussion

CO poisoning remains a major cause of accidental and intentional injuries worldwide. Several

studies have indicated that CO poisoning is associated with a risk of toxicity to the central ner-

vous system and heart. The present population-based cohort study conducted using Taiwan’s

NHIRD revealed that patients with CO poisoning have a higher risk of MACE than do con-

trols. The study also revealed a significant risk of MACE in a long-term follow-up after adjust-

ment for age, sex, and comorbidity. During multivariable analysis of MACE, the variables of

the study and comparison cohorts were balanced by adjustment for DM, cancer, HTN,

Table 2. Incidence and adjusted hazard ratios for MACE during the 9-year follow-up period.

Carbon monoxide Reference group

MACE present 791 1466

No. of person-years 76396.7 335591.5

Incidence/10,000 person-years 103.5 43.7

Crude hazard ratio 2.36 a (2.16–2.57) 1.00 (reference)

Adjusted hazard ratiob 2.00 a (1.83–2.18) 1.00 (reference)

Abbreviation: MACE, major adverse cardiovascular events.

Notes: Values in parentheses are 95% confidence intervals.
a: P-value<0.001.
b: Adjustments were made for diabetes mellitus, cancer, hypertension, hyperlipidemia, and the Charlson

comorbidity index.

https://doi.org/10.1371/journal.pone.0176465.t002

Table 3. Sensitivity analysis of the Cox regression model for major adverse cardiovascular events.

Adjusted HR*
(95% CI)

P-value

Primary analysis 2.00 (1.83–2.18) <0.0001

Excluding patients with event during first year 1.58 (1.42–1.75) <0.0001

Excluding patients with event during first 2 years 1.58 (1.40–1.77) <0.0001

Abbreviations: HR, hazard ratio; CI, confidence interval.

*Adjustments were made for diabetes mellitus, cancer, hypertension, hyperlipidemia, and the Charlson

comorbidity index.

https://doi.org/10.1371/journal.pone.0176465.t003
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hyperlipidemia and CCI, thereby eliminating bias. A major strength of this study is the use of a

comprehensive national database to analyze the subsequent development of MACE in patients

with CO poisoning over a 9-year period. In this population-based study, we demonstrated that

CO poisoning is associated with MACE.

The cardiovascular manifestations of CO poisoning have been described only in case

reports and entail various types of myocardial dysfunction and injury. Recently, various mech-

anisms have been proposed. CO exposure reduces the capacity of the blood to carry and

deliver oxygen. It also induces marked oxidative stress and inflammatory responses via multi-

ple hypoxia-independent pathways. The direct hypoxic effects, subsequent oxidative stress,

and inflammatory responses cause varying degrees of myocardium damage [7, 8]. Other

effects, such as relaxation of vessel smooth muscles and autonomic dysfunction caused by sys-

temic hypoxia and compensatory tachyarrhythmia further exacerbates the hypoxic injury of

the myocardium [3, 9]. Lee et. al reported that CO poisoning was associated with a 1.83-fold

higher risk of arrhythmia compared with the comparison cohort, and non-significantly associ-

ated with risk of CAD and CHF [10]. CO poisoning can lead to toxicity of the central nervous

system and heart, and death. After acute poisoning, long-term problems may occur. Our study

Fig 1. Plot of hazard curves for major adverse cardiovascular events based on the Cox model analysis for patients with carbon monoxide

poisoning and controls.

https://doi.org/10.1371/journal.pone.0176465.g001
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put stress on the occurrence of MACE including cardiovascular and neurology complications.

Our findings indicated that the incidence rate of MACE is 103.5 per 10,000 person-years in

patients with CO poisoning. We performed a time-trend analysis for evaluating the risk of

MACE through stratification based on the event time. The effects of CO poisoning were signif-

icant during the follow-up period, implying a long-term MACE risk after CO poisoning.

Fig 2. Subgroup analysis of risk of major adverse cardiovascular events in patients with carbon monoxide poisoning

and controls.

https://doi.org/10.1371/journal.pone.0176465.g002

Fig 3. Number of patients with carbon monoxide poisoning during the study period.

https://doi.org/10.1371/journal.pone.0176465.g003
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Elderly patients in the study cohort exhibited a high HR; younger patients also exhibited a

considerable risk of MACE after CO exposure, implying that these patients require exclusive

clinical care. Some reported cases reveal a close association between cardiac dysfunction and

neurologic abnormality [11]. Other studies have demonstrated that myocardial injury inde-

pendently predicts poor short-term outcomes and long-term mortality in patients with moder-

ate to severe CO poisoning [4, 12]. The standard treatment for CO poisoning includes the

administration of oxygen and general supportive care. Some studies have demonstrated that

hyperbaric oxygen may be beneficial for severe CO poisoning [13, 14].

Frequent emergency department visits due to CO poisoning in winter months were noted

in the literature [15]. The distribution of patients with CO poisoning in the NHIRD, which

covers 99% of the residents of Taiwan, also indicated an increase in the frequency of CO poi-

soning in winter months during 2005–2010. The increase may be related to unintentional poi-

soning due to the use of natural gas. Implementing public health interventions, such as

promoting CO alarm installations, can reduce ongoing exposures to CO from common

sources, such as those in the residential setting.

The major strength of our study is the relatively large sizes of the study and comparison

cohorts. However, this study has several limitations. First, MACE diagnosis based on ICD-

9-CM codes may be less accurate than that obtained according to a complete interview, labora-

tory data, and clinical information. To validate the MACE diagnoses in this study, we selected

only patients who consecutively received diagnoses with MACE by clinical physicians at least

three times. However, the study did not consider patients with MACE who did not seek medi-

cal care or those patients whose diagnosis was miscoded. Furthermore, for comorbidities, we

identified chronic diseases on the basis of patients making at least three visits to the hospital

for the same disease. Without conducting a biological examination for disease validation, inac-

curate diagnosis is likely, increasing the possibility of bias. Second, data on some variables,

such as smoking, body mass index, and laboratory data were not available in the claims data-

base. Although we matched the cohorts to balance their demographics and conducted strati-

fied analysis to confirm the robustness of our results, unmeasured confounders possibly

affecting both groups may exist. Prospective studies focusing on measuring these confounders

are warranted. This study analyzed data from the Taiwan NHIRD; thus, the generalizability of

the findings to populations in other countries is limited.

Conclusions

In conclusion, CO poisoning is a risk factor for MACE, particularly in young adults, and is

independent of known MACE risk factors. The present study provides a basis for understand-

ing the subsequent risk of MACE in patients with CO poisoning and enhances the knowledge

of clinicians by identifying evidence of myocardial damage and related heart dysfunction in

CO poisoning patients. Further research is required in this area of public health. More empha-

sis on prevention of CO poisoning, early detection, and HBO therapy is essential for prevent-

ing further complications. Furthermore, additional studies are required for elucidating the

potential application of these in mitigating the effects of CO poisoning. Public health interven-

tions for the prevention of CO poisoning support positive outcomes.

Author Contributions

Conceptualization: CSW YCL MYW.

Data curation: CSW LCS TTC HPM.

Formal analysis: YHH YFL MYW.

Risk of major adverse cardiovascular events in patients with carbon monoxide intoxication

PLOS ONE | https://doi.org/10.1371/journal.pone.0176465 April 25, 2017 8 / 9

https://doi.org/10.1371/journal.pone.0176465


Methodology: YHH YFL MYW.

Project administration: SHT YFL.

Supervision: YHH YFL MYW.

Writing – original draft: CSW YCL MYW.

Writing – review & editing: CSW MYW.

References
1. Ruth-Sahd LA, Zulkosky K, Fetter ME. Carbon monoxide poisoning: case studies and review. Dimens

Crit Care Nurs. 2011; 30(6):303–14. https://doi.org/10.1097/DCC.0b013e31822fb017 PMID: 21983502

2. Shie HG, Li CY. Population-based case-control study of risk factors for unintentional mortality from car-

bon monoxide poisoning in Taiwan. Inhal Toxicol. 2007; 19(10):905–12. https://doi.org/10.1080/

08958370701432173 PMID: 17687722

3. Chiew AL, Buckley NA. Carbon monoxide poisoning in the 21st century. Critical Care. 2014; 18

(2):221–.

4. Henry CR, Satran D, Lindgren B, Adkinson C, Nicholson CI, Henry TD. Myocardial injury and long-term

mortality following moderate to severe carbon monoxide poisoning. JAMA. 2006; 295(4):398–402.

https://doi.org/10.1001/jama.295.4.398 PMID: 16434630

5. Satran D, Henry CR, Adkinson C, Nicholson CI, Bracha Y, Henry TD. Cardiovascular manifestations of

moderate to severe carbon monoxide poisoning. J Am Coll Cardiol. 2005; 45(9):1513–6. https://doi.org/

10.1016/j.jacc.2005.01.044 PMID: 15862427

6. Teksam O, Gumus P, Bayrakci B, Erdogan I, Kale G. Acute cardiac effects of carbon monoxide poison-

ing in children. Eur J Emerg Med. 2010; 17(4):192–6. https://doi.org/10.1097/MEJ.0b013e328320ad48

PMID: 20195157

7. Weaver LK. Clinical practice. Carbon monoxide poisoning. N Engl J Med. 2009; 360(12):1217–25.

https://doi.org/10.1056/NEJMcp0808891 PMID: 19297574

8. Szponar J, Kolodziej M, Majewska M, Zaleski K, Lewandowska-Stanek H. [Myocardial injury in the

course of carbon monoxide poisoning]. Przegl Lek. 2012; 69(8):528–34. PMID: 23243921

9. Ryoo SM, Sohn CH, Kim HJ, Kwak MK, Oh BJ, Lim KS. Intracardiac thrombus formation induced by

carbon monoxide poisoning. Hum Exp Toxicol. 2013; 32(11):1193–6. https://doi.org/10.1177/

0960327112472991 PMID: 23357963

10. Lee FY, Chen WK, Lin CL, Kao CH. Carbon monoxide poisoning and subsequent cardiovascular dis-

ease risk: a nationwide population-based cohort study. Medicine (Baltimore). 2015; 94(10):e624.

PubMed Central PMCID: PMCPMC4602477.

11. Yanir Y, Shupak A, Abramovich A, Reisner SA, Lorber A. Cardiogenic shock complicating acute carbon

monoxide poisoning despite neurologic and metabolic recovery. Ann Emerg Med. 2002; 40(4):420–4.

PMID: 12239499

12. Kao HK, Lien TC, Kou YR, Wang JH. Assessment of myocardial injury in the emergency department

independently predicts the short-term poor outcome in patients with severe carbon monoxide poisoning

receiving mechanical ventilation and hyperbaric oxygen therapy. Pulm Pharmacol Ther. 2009; 22

(6):473–7. https://doi.org/10.1016/j.pupt.2009.04.006 PMID: 19393326

13. Wolf SJ, Lavonas EJ, Sloan EP, Jagoda AS, American College of Emergency Physicians Clinical Poli-

cies Subcommittee on Critical Issues in the Management of Adult Patients Presenting to the Emergency

Department with Carbon Monoxide P. Clinical policy: critical issues in the management of adult patients

presenting to the emergency department with acute carbon monoxide poisoning. J Emerg Nurs. 2008;

34(2):e19–32. https://doi.org/10.1016/j.jen.2008.02.009 PMID: 18358340

14. Thom SR, Taber RL, Mendiguren II, Clark JM, Hardy KR, Fisher AB. Delayed neuropsychologic

sequelae after carbon monoxide poisoning: prevention by treatment with hyperbaric oxygen. Ann

Emerg Med. 1995; 25(4):474–80. PMID: 7710151

15. Nikkanen H, Skolnik A. Diagnosis and management of carbon monoxide poisoning in the emergency

department. Emerg Med Pract. 2011; 13(2):1–14; quiz PMID: 22164402

Risk of major adverse cardiovascular events in patients with carbon monoxide intoxication

PLOS ONE | https://doi.org/10.1371/journal.pone.0176465 April 25, 2017 9 / 9

https://doi.org/10.1097/DCC.0b013e31822fb017
http://www.ncbi.nlm.nih.gov/pubmed/21983502
https://doi.org/10.1080/08958370701432173
https://doi.org/10.1080/08958370701432173
http://www.ncbi.nlm.nih.gov/pubmed/17687722
https://doi.org/10.1001/jama.295.4.398
http://www.ncbi.nlm.nih.gov/pubmed/16434630
https://doi.org/10.1016/j.jacc.2005.01.044
https://doi.org/10.1016/j.jacc.2005.01.044
http://www.ncbi.nlm.nih.gov/pubmed/15862427
https://doi.org/10.1097/MEJ.0b013e328320ad48
http://www.ncbi.nlm.nih.gov/pubmed/20195157
https://doi.org/10.1056/NEJMcp0808891
http://www.ncbi.nlm.nih.gov/pubmed/19297574
http://www.ncbi.nlm.nih.gov/pubmed/23243921
https://doi.org/10.1177/0960327112472991
https://doi.org/10.1177/0960327112472991
http://www.ncbi.nlm.nih.gov/pubmed/23357963
http://www.ncbi.nlm.nih.gov/pubmed/12239499
https://doi.org/10.1016/j.pupt.2009.04.006
http://www.ncbi.nlm.nih.gov/pubmed/19393326
https://doi.org/10.1016/j.jen.2008.02.009
http://www.ncbi.nlm.nih.gov/pubmed/18358340
http://www.ncbi.nlm.nih.gov/pubmed/7710151
http://www.ncbi.nlm.nih.gov/pubmed/22164402
https://doi.org/10.1371/journal.pone.0176465

