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Abstract

Carbon monoxide poisoning (COP) may increase the risk of myocardial infarction. We conducted a study to investigate the
effects of hyperbaric oxygen therapy (HBOT) on the risk. We used the Nationwide Poisoning Database in Taiwan to identify
COP patients diagnosed between 1999 and 2012. We compared the risk for myocardial infarction between patients with and
without HBOT by following up through 2013 and identified the independent predictors of myocardial infarction. The risk
of myocardial infarction in the 7278 patients with HBOT was lower than in the 18,459 patients without HBOT, but this dif-
ference did not reach statistical significance [adjusted hazard ratio (AHR): 0.69; 95% confidence interval (CI) 0.45-1.07].
Stratified analyses showed that the reductions in the risk associated with HBOT for myocardial infarction reached statistical
significance in male patients (AHR: 0.45; 95% CI 0.24-0.83) and during the first 2 weeks of follow-up (AHR: 0.22; 95%
CI 0.05-0.96). In patients without HBOT, independent predictors of myocardial infarction were old age, male sex, and the
underlying comorbidities of hypertension, diabetes, coronary artery disease, and congestive heart failure. In patients with
HBOT, however, old age, male sex, and the underlying comorbidities of diabetes, coronary artery disease, and congestive
heart failure were not independent predictors. HBOT was associated with a reduced risk of myocardial infarction in male
patients and within 2 weeks following COP. These results may provide important reference for using HBOT in treating COP.
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Abbreviations Introduction
COP Carbon monoxide poisoning
HBOT Hyperbaric oxygen therapy Carbon monoxide (CO) is an odorless and colorless gas
AHR Adjusted hazard ratio emitted due to the incomplete combustion of organic com-
CI Confidence interval pounds [1]. Carbon monoxide poisoning (COP) remains a
CO Carbon monoxide very important issue in public health worldwide because
NPD National Poisoning Database it causes numerous accidental and intentional injuries and
NHIRD National Health Insurance Research subsequent economic and social losses [1-4]. In the USA,
Database around 50,000 exposures and 1000-2000 accidental deaths
ICD-9-CM International Classification of Diseases, due to COP occur annually [2]. The primary toxicity of COP
Ninth Revision, Clinical Modification is due to its high affinity to hemoglobin, which is about
HIV Human immunodeficiency virus 200-250 times than that of oxygen. This causes hypoxic

injuries in all internal organs of the victims [1]. In addition
to hypoxia, other mechanisms, including oxidative stress and
inflammatory responses, are also responsible for subsequent
organ damage and even death [1, 3, 5-7].

The heart and the brain are the organs most commonly
Handling Editor: Y. James Kang. damaged by COP because they have the highest oxygen
demands [1, 8, 9, 12-14]. A study enrolling 230 patients
with moderate to severe COP reported that 37% of patients
had myocardial infarction following COP [12]. The risk for
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mortality in COP patients with myocardial infarction after-
wards was higher than in the COP patients without myo-
cardial infarction [15]. COP may also contribute to other
cardiac dysfunction including arrhythmia and left ventricular
systolic dysfunction [16]. Another study performing angio-
grams in COP patients with myocardial infarction reported
that all the patients had normal coronary arteries, which sug-
gested that COP-related myocardial infarction was caused
not via coronary artery occlusion, but via hypoxia, oxida-
tive stress, inflammatory response, and myocardial stunning
[11]. Hyperbaric oxygen therapy (HBOT) is suggested as the
preferred choice for treating severe COP because it reduces
subsequent complications, especially neurological sequelae
[1-3, 8-10]; however, it remains unclear whether HBOT
reduces the risk for myocardial infarction, and therefore we
conducted this study to clarify this issue. Our hypothesis
was that HBOT may reduce the risk for myocardial infarc-
tion following COP.

Methods
Data Sources

The Nationwide Poisoning Database (NPD) is a sub-data-
set of the National Health Insurance Research Database
(NHIRD), which contains all poisoning cases, including
instances of COP, diagnosed in Taiwan between 1999 and
2013. NHIRD, which is a large, computerized database
derived by the National Health Insurance Administration
(the former Bureau of National Health Insurance) and main-
tained by the National Health Research Institutes, provides
subsets of data to scientists in Taiwan for research purposes
[17].

Identification of Patients and Definitions
of Variables

Patients diagnosed with the International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) codes of 986, E868, E952, or E982 during either
admission or ambulance care between 1999 and 2012 were
identified as having suffered from COP (Fig. 1). These COP
patients were then divided into two cohorts “with HBOT”
and “without HBOT.” The general criteria for the choice of
HBOT in COP patients are carboxyhemoglobin level >25%,
pregnancy, cardiovascular dysfunction, and severe poison-
ing (e.g., unconsciousness, severe acidosis, or neurological
signs) [18, 19]. The “with HBOT” cohort was defined as
the patients who were labeled with 47054C, 9395, 59003B,
59004B, 59003A, or 59004A as their management codes
during the index admission or emergency department care.
In contrast, the “without HBOT” cohort was defined as
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Patients with COP between 1999 and 2012

With HBOT Without HBOT

Compare the risk for myocardial infarction

between patients with and without HBOT

J

Independent predictors of myocardial infarction
in COP patients with HBOT

J

Independent predictors of myocardial infarction
in COP patients without HBOT

Fig.1 Flow chart of this study. COP carbon monoxide poisoning,
HBOT hyperbaric oxygen therapy

the patients who were not labeled with any of the above-
mentioned management codes. Variables of demographic
data and underlying comorbidities included for analysis
were as follows: age, sex, hypertension (ICD-9-CM codes:
401-405), diabetes (ICD-9-CM code: 250), hyperlipidemia
(ICD-9-CM code: 272), coronary artery disease (ICD-
9-CM codes: 410-414), malignancy (ICD-9-CM codes:
140-208), congestive heart failure (ICD-9-CM code: 428),
chronic obstructive pulmonary disease (ICD-9-CM code:
496), liver disease (ICD-9-CM codes: 570-576), renal dis-
ease (ICD-9-CM codes: 580-593), connective tissue disease
(ICD-9-CM code: 710), HIV infection (ICD-9-CM codes:
042, 07953, V08), and alcoholism (ICD-9-CM codes: 291,
303, 305.0, 357.5, 425.5, 535.3, 571.0-571.3, V113). Age
was divided into subgroups of <20, 20-34, 34-50, 51-64,
and > 65 years [20]. Monthly income was divided into sub-
groups of < 19,999, 20,000-39,999, and >40,000 New
Taiwan Dollars [21]. Concomitant conditions with COP
during the index admission or emergency department care
were defined as suicide (management codes: 94.0, 94.1 or
ICD-9-CM codes: E950-E959), drug poisoning (ICD-9-CM
codes: 960-989, exclusion of 986), acute respiratory failure
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(ICD-9-CM codes: 518.81, 518.84 or management codes:
960, 9601, 9602, 9603, 9604, 9605, 9390, 9391, 311), myo-
cardial infarction (ICD-9-CM code: 410), acute hepatitis
(ICD-9-CM code: 573.3), and acute renal failure (ICD-
9-CM codes: 584 or management code: 339.5).

Comparison of the Risk for Myocardial Infarction
Between Patients With and Without HBOT

We compared the risk for myocardial infarction between the
two cohorts by following up until 2013 (Fig. 1). Stratified
analyses by age subgroups, sex, underlying comorbidities,
monthly income, concomitant conditions of suicide, drug
poisoning, and acute respiratory failure, and follow-up peri-
ods were also performed. Investigation of the independent
predictors for the risk of myocardial infarction in patients
with and without HBOT was also performed.

Ethics Statement

This study was approved by the Institutional Review Board
at Chi-Mei Medical Center and conducted according to the
Declaration of Helsinki. Informed consents were waived
because data in the NPD are de-identified, and the welfare
of the participants is not affected.

Statistical Analysis

For comparisons of demographic data, underlying comorbid-
ities, monthly income, and concomitant conditions between
the two cohorts and the two sexes, we used the two-sample
t test and the Chi-square test for continuous variables and
categorical variables, respectively. Cox proportional haz-
ard regression analyses were used for comparing the risks
of myocardial infarction and for investigating independent
predictors. The Kaplan—-Meier method and log-rank test
were also used to compare the cumulative incidence rates
for myocardial infarction during follow-up periods. We used
SAS 9.4 for Windows (SAS Institute, Cary, NC, USA) for
all statistical analyses and set the significance level at 0.05
(two-tailed).

Results

In total, 25,737 COP patients were identified, including 7278
patients with HBOT (28.28%) and 18,459 patients without
HBOT (71.72%) (Table 1). The mean age + standard devia-
tion was 36.0+ 16.5 years, and patients with HBOT were
younger than the patients without HBOT (34.9 + 14.7 vs.
36.4+17.1 years, p<0.001). Both cohorts had a nearly
equal sex ratio. Patients with HBOT had lower prevalence
rates of underlying comorbidities of hypertension, diabetes,

hyperlipidemia, coronary artery disease, malignancy, con-
gestive heart failure, chronic obstructive pulmonary disease,
liver disease, renal disease, and alcoholism than patients
without HBOT. The monthly income was not different
between the two cohorts. In the comparison of concomitant
conditions, there were higher percentages of suicide, acute
respiratory failure, and acute renal failure in patients with
HBOT than in patients without HBOT. The prevalence of
myocardial infarction during the index admission or emer-
gency department care was lower in patients with HBOT
than in patients without HBOT (0.36% vs. 0.67%, p=0.003).

Overall, patients with HBOT were at a lower risk for
myocardial infarction than patients without HBOT after
adjusting for age, sex, hypertension, diabetes, hyperlipi-
demia, coronary artery disease, congestive heart failure,
chronic obstructive pulmonary disease, liver disease, renal
disease, connective tissue disease, HIV infection, alcohol-
ism, monthly income, suicide, drug poisoning, and res-
piratory failure [adjusted hazard ratio (AHR): 0.69]. How-
ever, this difference did not reach statistical significance
[95% confidence interval (CI) 0.45-1.07] (Table 2). The
Kaplan—Meier method and log-rank test showed a lower
risk for myocardial infarction in patients with HBOT than
in patients without HBOT during the follow-up (Fig. 2).
The stratified analysis revealed that male patients with
HBOT had a significantly lower risk for myocardial infarc-
tion than male patients without HBOT (AHR: 0.45; 95% CI
0.24-0.83), but females patients with HBOT had a similar
risk to female patients without HBOT (AHR: 1.04; 95% CI
0.55-1.96). Patients with HBOT had a significantly lower
risk for myocardial infarction in the first 2 weeks following
COP than patients without HBOT following COP (AHR:
0.22; 95% CI 0.05-0.96). In patients with the underlying
comorbidity of coronary artery disease, HBOT was associ-
ated with a lower risk for myocardial infarction (AHR: 0.51),
but the difference did not reach statistical significance (95%
CI 0.25-1.05). In the analyses stratified by age subgroups,
underlying comorbidities, monthly income, and concomi-
tant conditions of suicide, drug poisoning, acute respiratory
failure, and follow-up periods at >2 weeks, no differences
between the two cohorts reached statistical significance.

In patients with HBOT, independent predictors for the
risk of myocardial infarction were hypertension (AHR:
4.68; 95% CI 1.64-13.39) and chronic obstructive pulmo-
nary disease (AHR: 5.74; 95% CI 1.60-20.57) (Table 3). In
patients without HBOT, independent predictors for the risk
of myocardial infarction were older age, male sex, hyper-
tension, diabetes, coronary artery disease, and congestive
heart failure.

Comparisons of age, underlying comorbidities, monthly
income, and concomitant conditions among male and
female COP patients with and without HBOT were shown
in the Table 4. The Kaplan—Meier method and log-rank test
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Table 1 Comparison of age, Variable

. ce Total patients With HBOT Without HBOT p value*
sex, underlying comorbidities, n=25737(100.00) n=7278 (28.28) n=18459 (71.72)
monthly income, and
concomitant conditions between  Age (years) 35.96+16.46 34.94+14.70 36.36+17.08 <0.001
COP patients with and without Age subgroup (years)
HBOT between 1999 and 2012
<20 3442 (13.37) 895 (12.30) 2547 (13.80) <0.001
20-34 9594 (37.28) 2967 (40.77) 6627 (35.90)
34-50 7955 (30.91) 2323 (31.92) 5632 (30.51)
51-64 3268 (12.70) 845 (11.61) 2423 (13.13)
>65 1478 (5.74) 248 (3.41) 1230 (6.66)
Sex
Female 13039 (50.66) 3680 (50.56) 9359 (50.70) 0.842
Male 12698 (49.34) 3598 (49.44) 9100 (49.30)
Underlying comorbidity
Hypertension 3077 (11.96) 664 (9.12) 2413 (13.07) <0.001
Diabetes 1624 (6.31) 390 (5.36) 1234 (6.69) <0.001
Hyperlipidemia 2150 (8.35) 523 (7.19) 1627 (8.81) <0.001
Coronary artery disease 1496 (5.81) 318 (4.37) 1178 (6.38) <0.001
Malignancy 686 (2.67) 156 (2.14) 530 (2.87) 0.011
Congestive heart failure 422 (1.64) 71 (0.98) 351 (1.90) <0.001
Chronic obstructive pulmo- 419 (1.63) 69 (0.95) 350 (1.90) <0.001
nary disease
Liver disease 3630 (14.10) 966 (13.27) 2664 (14.43) 0.016
Renal disease 2617 (10.17) 686 (9.43) 1931 (10.46) 0.013
Connective tissue disease 227 (0.88) 65 (0.89) 162 (0.88) 0.905
HIV infection 68 (0.26) 17 (0.23) 51(0.28) 0.548
Alcoholism 947 (3.68) 207 (2.84) 740 (4.01) <0.001
Monthly income (NTD)
< 19,999 18,827 (73.15) 5280 (72.55) 13547 (73.39) 0.085
20,000-39,999 5519 (21.44) 1622 (22.29) 3897 (21.11)
> 40,000 1391 (5.40) 376 (5.17) 1015 (5.50)
Concomitant condition with COP during the index admission or ambulatory care
Suicide 5212 (28.25) 2318 (31.85) 2894 (15.68) <0.001
Drug poisoning 270 (1.05) 62 (0.85) 208 (1.13) 0.051
Acute respiratory failure 1860 (7.23) 714 (9.81) 1146 (6.21) <0.001
Myocardial infarction 150 (0.58) 26 (0.36) 123 (0.67) 0.003
Acute hepatitis 57 (0.22) 15 (0.21) 42 (0.23) 0.742
Acute renal failure 318 (1.24) 143 (1.96) 175 (0.95) <0.001

Data are presented as n (%)
COP carbon monoxide poisoning, HBOT hyperbaric oxygen therapy, NTD New Taiwan Dollars
*Comparison between COP patients with and without HBOT

showed a lower risk of myocardial infarction in male patients ~ follow-up. However, the difference between patients with and
with HBOT than in male patients without HBOT during the
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Table 2 Comparison of the risk of myocardial infarction between COP patients with and without HBOT by Cox proportional hazard regression
analysis

With HBOT Without HBOT (reference) Crude HR (95% CI) AHR (95% CI)*
Case (%) PY Rate Case (%) PY Rate
Overall analysis 26 (0.36) 32129.91 0.81 123 (0.67) 87495.24 1.41 0.55 (0.36-0.85) 0.69 (0.45-1.07)
Stratified analysis
Age (years)
<20 1(0.11) 4572.28  0.22 1(0.04) 13990.52  0.07 2.86 (0.18-45.72) 1.89 (0.11-32.89)
20-34 1(0.03) 13398.47  0.07 9 (0.14) 33674.38  0.27 0.28 (0.04-2.23) 0.30 (0.04-2.52)
35-49 11(0.47) 10197.9 1.08 28 (0.50) 26698.83 1.05 1.00 (0.50-2.01) 1.04 (0.51-2.11)
50-64 7(0.83) 3170.79 221 42 (1.73) 9113.71 4.61 0.47 (0.21-1.05) 0.47 (0.21-1.07)
>65 6(2.42) 790.48  7.59 43 (3.50) 4017.82 10.70 0.69 (0.29-1.63) 0.70 (0.29-1.66)
Sex
Female 14 (0.38) 16523.00  0.85 43 (0.46) 46126.73  0.93 0.86 (0.47-1.57) 1.04 (0.55-1.96)
Male 12 (0.33) 1560691  0.77 80 (0.88) 41368.51 1.93 0.39 (0.21-0.71) 0.45 (0.24-0.83)
Underlying comorbidity
Hypertension 15 (2.26) 228499  6.56 73 (3.03) 815826  8.95 0.73 (0.42-1.27) 0.79 (0.45-1.40)
Diabetes 7(1.79) 1289.44 543 43 (3.48) 3932.06 10.94 0.49 (0.22-1.09) 0.56 (0.25-1.28)
Hyperlipidemia 9(1.72) 1679.57  5.36 43 (2.64) 5411.61 795 0.66 (0.32-1.35) 0.66 (0.32-1.39)
Coronary artery disease 9(2.83) 105425  8.54 58 (4.92) 3906.68 14.85 0.54 (0.27-1.10) 0.51 (0.25-1.05)
Malignancy 0 (0.00) 413.94 - 7(1.32) 1491.77 4.69 - -
Congestive heart failure 1(1.41) 199.75  5.01 21 (5.98) 909.05  23.10 0.21 (0.03-1.57) 0.16 (0.02-1.23)
Chronic obstructive pulmo- 4 (5.80) 211.15 18.94 14 (4.00) 1055.09 13.27 1.38 (0.46-4.20) 0.98 (0.29-3.34)
nary disease
Liver disease 9(0.93) 3562.05  2.53 36 (1.35) 992998  3.63 0.69 (0.33-1.44) 0.79 (0.37-1.71)
Renal disease 7 (1.02) 2545.15 275 30 (1.55) 721192  4.16 0.66 (0.29-1.49) 0.90 (0.38-2.10)
Connective tissue disease 1(1.54) 227.15 4.40 4.(2.47) 517.09 7.74 0.56 (0.06-5.04) —
HIV infection 0 (0.00) 4752 - 0 (0.00) 152.2 - - -
Alcoholism 3(1.45) 693.28 433 7 (0.95) 253433 2.76 1.69 (0.43-6.56) 1.55 (0.21-11.40)
Monthly income (NTD)
< 19,999 21 (0.40) 23695.52  0.89 100 (0.74) 64518.25 1.55 0.55 (0.34-0.88) 0.73 (0.45-1.18)
20,000-39,999 3(0.18) 6639.26  0.45 18 (0.46) 17777.31 1.01 0.42 (0.12-1.42) 0.45 (0.12-1.62)
>40,000 2(0.53) 1795.13 1.11 5(0.49) 5199.67  0.96 1.15 (0.22-5.95) 0.75 (0.11-5.19)
Suicide
Yes 10 (0.43) 10586.97  0.94 20 (0.69) 14206.22 141 0.65 (0.30-1.39) 0.99 (0.44-2.21)
No 16 (0.32) 2154294 074 103 (0.66) 73289.02 141 0.51 (0.30-0.86) 0.63 (0.37-1.07)
Drug poisoning
Yes 1(1.61) 23298  4.29 1(0.48) 971.87 1.03 4.06 (0.25-65.40) -
No 25 (0.35) 31896.92  0.78 122 (0.67) 86523.38 1.41 0.53 (0.35-0.82) 0.68 (0.44-1.05)
Acute respiratory failure
Yes 3(0.42) 2873.48 1.04 12 (1.05) 4014.51 2.99 0.34 (0.10-1.19) 0.61 (0.16-2.28)
No 23 (0.35) 2925642  0.79 111 (0.64) 83480.73 1.33 0.57 (0.36-0.89) 0.71 (0.45-1.12)
Follow-up period
<2 weeks 2(0.03) 277.03  7.22 25(0.14) 67942  36.80 0.20 (0.05-0.83) 0.22 (0.05-0.96)
2 weeks—1 month 1(0.01) 32225  3.10 5(0.03) 78640  6.36 0.49 (0.06-4.18) 0.67 (0.07-5.98)
1-6 months 4 (0.06) 2881.95 1.39 13 (0.07) 7029.02 1.85 0.75 (0.24-2.30) 0.96 (0.30-3.08)
6-12 months 0(0.00) 3233.85 - 17 (0.10) 7964.23  2.13 - -
1-2 years 6 (0.10) 5742.36 1.04 14 (0.09) 14539.44  0.96 1.08 (0.42-2.82) 1.90 (0.71-5.04)
2-4 years 6(0.11) 8846.49  0.68 20 (0.15) 2336471  0.86 0.79 (0.32-1.97) 0.87 (0.34-2.23)
>4 years 7(0.19) 1082598  0.65 29 (0.29) 33132.03  0.88 0.73 (0.32-1.67) 0.93 (0.40-2.17)

COP carbon monoxide poisoning, HBOT hyperbaric oxygen therapy, HR hazard ratio, AHR adjusted hazard ratio, CI confidence interval, PY
person-year, NTD New Taiwan Dollars

*Adjusted for age, sex, hypertension, diabetes, hyperlipidemia, coronary artery disease, malignancy, congestive heart failure, chronic obstructive
pulmonary disease, liver disease, renal disease, connective tissue disease, HIV infection, alcoholism, monthly income, suicide, drug poisoning,
and acute respiratory failure
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Fig.2 Risk of myocardial infarction between COP patients with and
without HBOT by Kaplan—Meier method and log-rank test. COP car-
bon monoxide poisoning, HBOT hyperbaric oxygen therapy

without HBOT was not significant in the female population
(Fig. 3).

Discussion

Overall, this study demonstrated that HBOT showed a trend
toward reducing the risk for myocardial infarction in COP
patients. Stratified analyses showed that HBOT reduced the
risk for myocardial infarction in male patients for a follow-
up period of <2 weeks. After 2 weeks following COP, there
was no significant difference in the risk of myocardial infarc-
tion between patients with and without HBOT. In patients
with HBOT, independent predictors of myocardial infarc-
tion were hypertension and chronic obstructive pulmonary
disease. In patients without HBOT, independent predictors
of myocardial infarction were older age, male sex, hyper-
tension, diabetes, coronary artery disease, and congestive
heart failure.

Acceleration of the elimination of carboxyhemoglobin
and COP-related direct disruption of cellular oxidative
processes by HBOT are probably the mechanisms involved
in reducing myocardial infarction. To our knowledge, there
is no human study addressing this issue in the literature.
A meta-analysis of randomized controlled trials showed
that oxygen inhalation did not benefit patients with acute
myocardial infarction when performed with normal oxy-
gen saturation; however, this study did not include HBOT
for the analyses [22]. Some animal studies have shown
that HBOT can limit infarct size in rabbit hearts and that
the earlier the initiation of treatment, the better the out-
come [23, 24], which are compatible with our finding
that HBOT reduced acute myocardial infarction within
2 weeks following COP. The standard treatment for COP
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is the administration of 100% oxygen at atmospheric pres-
sure (normobaric oxygen), which can shorten the half-life
of carboxyhemoglobin approximately fivefold faster than
room air [1]. HBOT can further hasten the elimination
of carboxyhemoglobin [1], and therefore it is theoreti-
cally used to treat COP, especially in patients with a high
risk for subsequent complications. The most common and
concerning complications after COP are the neurological
sequelae [1, 3, 25]. Whether HBOT is better than normo-
baric oxygen in reducing the neurological sequelae is still
being debated [1, 3, 25]. One of the best known studies
supporting HBOT in reducing the neurological sequelae
is the double-blind, randomized trial by Weaver et al. in
2002, which showed that HBOT reduced neurological
sequelae at 6 weeks and 12 months [25]. However, several
studies have challenged the positive effect of HBOT. For
example, a 2011 review by Cochrane reported that exist-
ing and randomized trials did not establish whether HBOT
reduces the incidence of neurological sequelae in COP
patients [1]. Although their findings did not support the
use of HBOT for COP, the authors of the review suggested
that an additional study, such as a multicenter randomized
controlled trial, is needed to clarify this issue [1].

Our stratified analyses showed that HBOT reduced the
risk of myocardial infarction in male patients, but not in
female patients. A study reported that male COP patients
have more comorbidities and are at a higher risk for sub-
sequent mortality than female COP patients [4]. Therefore,
HBOT may have more benefits for the male population. The
lower risk of developing myocardial infarction in females as
compared to males is a well-known fact, and the difference
was also observed in patients with COP [14]. The protect-
ing effect of estrogen is generally recognized as a major
factor contributing to the sex difference [26]. We speculate
that the protecting effect of estrogen was a main reason why
the beneficial effect of HBOT against myocardial infraction
following COP was smaller in women. To our knowledge,
however, there is no study comparing the differences in the
impact of HBOT on myocardial infarction between the two
sexes. The independent predictors for patients with and with-
out HBOT were different, which suggested that HBOT has
modification effects on the impacts of certain risk factors
for myocardial infarction. Specifically, in patients without
HBOT, the independent predictors of myocardial infarction
were similar to the conventional risk factors for myocardial
ischemia, including older age, male sex, hypertension, dia-
betes, coronary artery disease, and congestive heart failure,
but in patients with HBOT only hypertension and chronic
obstructive pulmonary disease appeared to be independent
predictors. HBOT may have a greater impact on reducing
myocardial infarction following COP in the patients with
older age, male sex, diabetes, coronary artery disease, and
congestive heart failure.
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Table 3 Independent predictors of myocardial infarction in COP patients with and without HBOT by Cox proportional hazard regression analy-

S1S

Variable

With HBOT

Crude HR (95% CI)

AHR (95% CI)*

Without HBOT

Crude HR (95% CI)

AHR (95% CI)*

Age (years)
<20
20-34
35-49
50-64
>65

Sex
Female
Male

Monthly income (NTD)
<19,999
20,000-39,999
>40,000

Underlying comorbidity
Hypertension
Diabetes
Hyperlipidemia
Coronary artery disease
Malignancy
Congestive heart failure

Chronic obstructive pulmonary
disease

Liver disease
Renal disease
Connective tissue disease
HIV infection
Alcoholism
Concomitant condition
Suicide
Drug poisoning

Acute respiratory failure

1
0.32 (0.02-5.18)
4.68 (0.60-36.3)
9.30 (1.14-75.66)
31.68 (3.80-264.14)

1
0.90 (0.41-1.94)

0.78 (0.18-3.33)
0.39 (0.07-2.32)
1

16.99 (7.78-37.13)
8.28 (3.47-19.75)
8.90 (3.94-20.08)
14.68 (6.52-33.07)
5.79 (0.78-42.95)
25.21 (8.66-73.39)

4.05 (1.80-9.09)
4.08 (1.71-9.71)
5.28 (0.71-39.02)

5.51 (1.65-18.40)

1.24 (0.56-2.74)
5.12 (0.69-37.80)
1.29 (0.39-4.29)

1

0.24 (0.02-3.96)
2.06 (0.24-17.37)
2.04 (0.21-19.85)
2.81 (0.25-31.45)

1
0.62 (0.27-1.43)

0.60 (0.13-2.76)
0.48 (0.08-2.97)
1

4.68 (1.64-13.39)
1.04 (0.36-3.00)
1.46 (0.54-3.90)
2.49 (0.92-6.76)
0.33 (0.04-2.86)
5.74 (1.60-20.57)

1.34 (0.54-3.34)
1.60 (0.64—4.04)
1.41 (0.16-12.32)

2.80 (0.70-11.15)

1.60 (0.69-3.69)
3.28 (0.41-26.44)
1.02 (0.30-3.49)

1

3.69 (0.47-29.14)
14.28 (1.94-104.97)
59.16 (8.14-430.09)
131.51 (18.09-955.91)

1
2.03 (1.40-2.94)

1.58 (0.64-3.89)
1.01 (0.38-2.73)
1

12.91 (8.98-18.57)
10.07 (6.93-14.65)
7.25 (4.99-10.55)
17.16 (12.00-24.51)
2.92 (1.36-6.27)
15.86 (9.87-25.50)
9.08 (5.19-15.87)

2.97 (2.01-4.38)
3.30 (2.18-4.98)
5.00 (1.84-13.55)

1.79 (0.83-3.84)

1.02 (0.63-1.65)
0.72 (0.10-5.14)
2.13 (1.18-3.87)

1

3.53 (0.44-28.05)
10.82 (1.45-80.56)
23.94 (3.20-179.29)
27.36 (3.58-209.01)

1
1.75 (1.20-2.56)

1.08 (0.43-2.71)
1.16 (0.43-3.14)
1

1.88 (1.12-3.16)
1.90 (1.22-2.96)
1.12 (0.72-1.75)
3.28 (2.06-5.21)
0.88 (0.40-1.92)
1.97 (1.15-3.37)
1.02 (0.56-1.89)

0.86 (0.56-1.34)
0.94 (0.60-1.47)
2.07 (0.74-5.78)

0.98 (0.44-2.21)

1.06 (0.65-1.73)
0.61 (0.08-4.36)
1.37 (0.75-2.51)

COP carbon monoxide poisoning, HBOT hyperbaric oxygen therapy, HR hazard ratio, AHR adjusted hazard ratio, CI confidence interval, NTD

New Taiwan Dollars

*Adjusted for age, sex, hypertension, diabetes, hyperlipidemia, coronary artery disease, malignancy, congestive heart failure, chronic obstructive
pulmonary disease, liver disease, renal disease, connective tissue disease, HIV infection, alcoholism, monthly income, suicide, drug poisoning,

and respiratory failure

The generally applied criteria for the choice of HBOT in
the COP patients do not take comorbidities, except cardio-
vascular dysfunction, into account, and many differences
in comorbidities between groups that got HBOT versus not
were observed in our study. This might affect the incidence
of myocardial infarction. Nonetheless, after adjusting for
these comorbidities, we still observed a decreased risk in
the patients who received HBOT.

This study has the strength of being the first, large, and
nationwide study on the effect HBOT on subsequent myo-
cardial infarction following COP. However, it has some

limitations. First, we might underestimate the number
of patients with myocardial infarction by using the ICD-
9-CM code to identify patients. However, the misclassi-
fication should be non-differential because the diagnosis
of myocardial infarction was unlikely to be affected by
the administration of HBOT. Second, we did not include
certain socioeconomic variables, such as smoking, obesity,
family history, diet, physical activity, and stress, which are
risk factors for myocardial infarction and possible con-
founding factors in this study. However, we have included
several underlying comorbidities that may be surrogates
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Table 4 Comparison of age, underlying comorbidities, monthly income, and concomitant conditions among male and female COP patients with
and without HBOT between 1999 and 2012

Variable Total patients Male COP Female COP Male COP Female COP p value*
n=25,737 (100.00) patients with patients with patients without  patients without
HBOT HBOT HBOT HBOT
n=3,598 n=3,680 (14.30) n=9,100 (35.36) n=9,359 (36.36)
(13.98)
Age subgroup (years)
<20 3442 (13.37) 409 (11.37) 486 (13.21) 1192 (13.10) 1355 (14.48) <0.001
20-34 9594 (37.28) 1486 (41.30) 1481 (40.24) 3133 (34.43) 3494 (37.33)
34-50 7955 (30.91) 1128 (31.35) 1195 (32.47) 2774 (30.48) 2858 (30.54)
51-64 3268 (12.70) 452 (12.56) 393 (10.68) 1273 (13.99) 1150 (12.29)
>65 1478 (5.74) 123 (3.42) 125 (3.40) 728 (8.00) 502 (5.36)
Underlying comorbidity
Hypertension 3077 (11.96) 362 (10.06) 302 (8.21) 1354 (14.88) 1059 (11.32) <0.001
Diabetes 1624 (6.31) 227 (6.31) 163 (4.43) 712 (7.82) 522 (5.58) <0.001
Hyperlipidemia 2150 (8.35) 301 (8.37) 222 (6.03) 881 (9.68) 746 (7.97) <0.001
Coronary artery disease 1496 (5.81) 174 (4.84) 144 (3.91) 658 (7.23) 520 (5.56) <0.001
Malignancy 686 (2.67) 83 (2.31) 73 (1.98) 303 (3.33) 337 (2.43) <0.001
Congestive heart failure 422 (1.64) 46 (1.28) 25 (0.68) 190 (2.09) 161 (1.72) <0.001
Chronic obstructive pulmonary 419 (1.63) 49 (1.36) 20 (0.54) 247 (2.71) 103 (1.10) <0.001
disease
Liver disease 3630 (14.10) 530 (14.73) 436 (11.85) 1567 (17.22) 1097 (11.72) <0.001
Renal disease 2617 (10.17) 358 (9.95) 328 (8.91) 980 (10.77) 951 (10.16) 0.017
Connective tissue disease 227 (0.88) 12 (0.33) 53 (1.44) 48 (0.53) 114 (1.22) <0.001
HIV infection 68 (0.26) 16 (0.44) 1 (0.03) 48 (0.53) 3(0.03) <0.001
Alcoholism 947 (3.68) 140 (3.89) 67 (1.82) 542 (5.96) 198 (2.12) <0.001
Monthly income (NTD)
< 19,999 18,827 (73.15) 2600 (72.26) 2680 (72.83) 6597 (72.49) 6950 (74.26) <0.001
20,000-39,999 5519 (21.44) 787 (21.87) 835 (22.69) 1845 (20.27) 2052 (21.93)
>40,000 1391 (5.40) 211 (5.86) 165 (4.48) 658 (7.23) 357 (3.81)
Concomitant condition with COP during the index admission or ambulatory care
Suicide 5212 (28.25) 1300 (36.13) 1018 (27.66) 1598 (17.56) 1296 (13.85) <0.001
Drug poisoning 270 (1.05) 27 (0.75) 35 (0.95) 102 (1.12) 106 (1.13) 0.211
Acute respiratory failure 1860 (7.23) 406 (11.28) 308 (8.37) 679 (7.46) 467 (4.99) <0.001
Myocardial infarction 150 (0.58) 12 (0.33) 14 (0.38) 80 (0.88) 43 (0.46) <0.001
Acute hepatitis 57 (0.22) 7(0.19) 8(0.22) 30 (0.33) 12 (0.13) 0.035
Acute renal failure 318 (1.24) 115 (3.20) 28 (0.76) 129 (1.42) 46 (0.49) <0.001

Data are presented as n (%)
HBOT hyperbaric oxygen therapy, COP carbon monoxide poisoning; NTD, New Taiwan Dollars
*Comparison among male and female COP patients with and without HBOT

for these unavailable variables in our database, and there-
fore the impact may be minimal. Third, the modification
effect on the impacts of older age, male sex, diabetes, cor-
onary artery disease, and congestive heart failure in this
study is novel. Validation of the finding and clarification
of the mechanisms are also needed in the future. Lastly,
although this was a nationwide population-based study, the
results may not be generalizable to other nations because
of the differences in race, culture, and medical resources.

@ Springer

Conclusions

This nationwide population-based cohort study demon-
strated that HBOT shows a trend toward reducing sub-
sequent risk for myocardial infarction following COP.
The effect of HBOT in reducing the risk for myocardial
infarction was significant in males and in the acute fol-
low-up period of <2 weeks. These results provide us with
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Male patients with HBOT 3598 2571 1783 1098 498 184
Female patients with HBOT 3680 2657 1808 1214 560 196
Male patients without HBOT 9100 6405 4676 3193 1729 788
Female patients without HBOT 9359 7010 5236 3674 1965 894

Fig.3 Risk for myocardial infarction between male and female COP
patients with and without HBOT by Kaplan—Meier method and log-
rank test. COP carbon monoxide poisoning, HBOT hyperbaric oxy-
gen therapy

an important reference for the treatment of COP patients
in the future. However, further studies are warranted to
delineate the underlying mechanisms of this process and
to validate our findings.
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