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Background: Carbon monoxide (CO) poisoning is a suspected risk factor for stroke. However, the association between stroke
occurrence and carbon monoxide poisoning remains unclear. This nationwide study in Korea analyzed the in-
cidence of stroke in survivors of CO poisoning.

Material/Methods: In this nationwide, population-based longitudinal study, the database of the Health Insurance Review and
Assessment Service was searched to identify patients diagnosed with CO poisoning from 2012 to 2018. Their
incidence of ischemic and hemorrhagic strokes, the patterns of stroke incidences, the annual incidence rates
in sequential time, the standardized incidence ratio (SIR), and the effects of hyperbaric oxygen therapy (HBOT)
were analyzed.

Results: Of the 29 301 patients diagnosed with CO poisoning during the study period, 984 (3.36%) were diagnosed with
stroke after CO poisoning, with approximately 50% occurring within 1 year after CO poisoning. The overall SIR
for stroke was 19.49 (95% confidence interval [Cl], 17.92-21.12) during the first year, decreasing to 5.64 (95%
Cl, 4.75-6.66) during the second year. Overall stroke hazard ratio (HR) in the patients admitted to the ICU for
CO poisoning was 2.28 (95% Cl, 1.19-2.27), compared with 2.35 (95% Cl, 1.94-2.84) for ischemic stroke and
1.76 (95% Cl, 1.11-2.78) for hemorrhagic stroke. Cumulative HRs did not differ between patients who were
and were not treated with HBOT for stroke.

Conclusions: CO poisoning is a high-risk factor for the development of stroke, evidenced by high incidences of stroke after
CO poisoning. Practical strategies for preventing stroke after CO poisoning are needed, because stroke after
CO poisoning affects adults of almost all ages, significantly increasing their socioeconomic burden.
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Background

Stroke may be caused by an obstruction in the flow of oxy-
gen-rich blood to the brain. The signs and symptoms of stroke
can vary from a mild headache to death, depending on the
degree of severity. Stroke is the leading cause of increases in
disability-adjusted life years, with a high socioeconomic bur-
den globally, including in South Korea [1-4]. Attempts have
been made to identify risk factors for stroke and to establish
potential strategies to prevent the occurrence of stroke in the
general population [5-7]. Certain conditions have been report-
ed to temporarily increase the risk of stroke, including trau-
ma (e.g., fractures), preeclampsia, major surgery, and admis-
sion to the Intensive Care Unit (ICU) [8-11].

Neurological sequelae can occur after carbon monoxide (CO)
poisoning, with several neurological insults thought to be
caused by CO toxicity. Cerebral injuries associated with CO
have a complex pathophysiology involving hypoxic stress, in
which CO plays a significant role; oxidative stress induced by
reactive oxygen species; and lipid peroxidation. These condi-
tions can lead to the demyelination of white matter, with a
catecholamine crisis followed by the release of dopamine and
glutamate in excessive amounts [12,13]. Resulting pathologi-
cal changes are visible on brain magnetic resonance imaging
(MRI) as hippocampal necrosis, the demyelination of cerebral
white matter, and vacuolar necrosis of the cerebral cortex and
globus pallidus [14].

Although several studies have assessed the long-term effects of
CO poisoning on the incidence of ischemic stroke, none to our
knowledge has assessed the occurrence of all types of stroke
after CO poisoning [15-17]. The present study was designed
to analyze nationwide occurrence of stroke in survivors of CO
poisoning throughout South Korea. This longitudinal follow-
up study was based on national claims data from the Health
Insurance Review and Assessment (HIRA) Service in South
Korea. The HIRA data, also called National Health Insurance
(NHI) data, consist of claims for healthcare services submitted
for reimbursement under the NHI system in South Korea [18].

Material and Methods

Data source

The NHI is the public medical insurance system in South Korea,
providing health insurance coverage for more than 99% of the
nation’s population. The HIRA Service database, based on the
NHI system, contains patients’ demographic information (e.g.,
sex, age, and area of residence) and clinical details (e.g., di-
agnoses, procedures, and prescriptions). The nationwide co-
hort in the present study, defined based on the HIRA claims
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data, consisted of all patients diagnosed with CO poisoning
from 2012 to 2018. Data were extracted by a data manager
of the HIRA who works in the NHI, with most data analyzed
by an emergency physician who completed a certification pro-
gram in biomedical informatics for physicians, hosted by the
Korean Society of Medical informatics. Finally, the analytical
results were validated by a professor in the Department of
Biomedical Informatics of the university-affiliated hospital, in
which this study was conducted. The study protocol was ap-
proved by the institutional review board (IRB) of Ajou University
Medical Center (IRB no. AJIRB-MED-EXP-19-563), which waived
informed consent because all data in this study were obtained
retrospectively and de-identified.

Study design and study participants

The study participants consisted of all patients diagnosed with
CO poisoning from January 1, 2007, to December 31, 2018. The
diagnostic code was T58, based on the Korean Classification of
Disease, sixth edition, a modified version of the International
Classification of Disease-10 (ICD-10) for the Korean health care
system. Strokes were diagnosed using either a single imag-
ing modality (e.g., computed tomography and brain MRI) or
both. Diagnostic codes for stroke included subarachnoid hem-
orrhage (160), intracerebral hemorrhage (161), other non-trau-
matic intracranial hemorrhages (162), and cerebral infarction
(163). The records of patients who experienced strokes after
CO poisoning were identified using the primary or secondary
disease code in the claims data generated during the first in-
patient or outpatient visit. Procedure codes assigned by the
intensivist on admission to the ICU (i.e., AJ100-AJ190, AJ200-
AJ290, and AJ300-AJ390, or AJOO1) were used to validate the
ICU admission [20].

Patients with a history of CO poisoning occurring before January
1, 2012, were excluded to remove any possible bias associ-
ated with a previous account of CO poisoning. Patients with
a history of stroke before January 1, 2012, were also exclud-
ed, as this study focused on newly occurring strokes after CO
poisoning. Additionally, patients diagnosed with stroke be-
fore CO poisoning were excluded, even those diagnosed be-
tween 2012 and 2018.

Statistical analysis

Descriptive statistics were used to estimate the frequency of
strokes by diagnostic date, based on the first hospital visit.
The annual incidence rate was defined as the number of pa-
tients newly diagnosed with strokes divided by the sum of all
patients in the study population during the entire follow-up
period. Additionally, standardized incidence ratios (SIRs) and
their corresponding 95% confidence intervals (Cls) were calcu-
lated to assess the relative risk of first-time stroke by stroke
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Figure 1. (A) Research design of this retrospective cohort study. Patients diagnosed with CO poisoning from January 1, 2012, to
December 31, 2018, were followed up to determine the occurrence of stroke. (B) Patient selection process. Of the 29
301 patients diagnosed with CO poisoning from 2012 to 2018, 984 (3.36%) were subsequently diagnosed with stroke.
(€) Frequency of stroke after CO poisoning in survivors. Most strokes occurred during the first 2 years after CO poisoning.

types and by year chronologically after CO poisoning. These with groups admitted and not admitted to the ICU and those
findings were compared with those in the general population who did and did not receive hyperbaric oxygen therapy (HBOT)
of South Korea, in which incidence rate of stroke was 216 per at least once over 30 minutes during the initial admission pe-
100 000/year, according to the official stroke registry data- riod compared by log-rank tests. A 2-sided P value <0.05 indi-
base [2]. The Cls were calculated according to normal approx- cated statistical significance, and all statistical analyses were
imations, with the mid-p exact test used for the patients with performed using R, version 3.0.2 (R Development Core Team,
fewer than 5 observations [19]. The occurrence of stroke after Vienna, Austria).

CO poisoning was estimated using the Kaplan-Meier method,
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Figure 2. Overall distribution of patients with carbon monoxide (CO) poisoning according to (A) sex and (B) standardized incidence
ratios (SIR) (100 000 person/year) of newly diagnosed stroke by age groups. The incidence of CO poisoning was higher in
males than in females, and the numbers of patients with CO poisoning peaked in those aged 30-39 years. Although SIRs
tended to increase with age, the observed number of patients who developed stroke after CO poisoning was higher in those

aged <54 years than those aged >75 years.

Results

Patterns of stroke incidence after CO poisoning

Out of the 29 301 patients diagnosed with CO poisoning, the
baseline characteristics of enrolled patients are shown on
Table 1, 984 (3.36%) were diagnosed with stroke after the me-
dian years of 3.07 (range, 0.00-6.99) after the CO poisoning
(Figure 1). The most common type of stroke after CO poison-
ing was ischemic stroke (813, 82.62%), followed by intracrani-
al hemorrhagic (ICH) stroke (114, 11.59%) and subarachnoid
hemorrhagic (SAH) stroke (43, 4.37%). About 50% of each type
of stroke occurred within the first year after the CO poison-
ing. The incidence of ischemic stroke differed significantly in
patients with (11.27% [56/497]) and without (2.37% [683/28
804]) a history of heart failure (P<0.001); and between patients
with (11.62% [33/284]) and without (2.43% [706/29 017]) a
history of relevant atrial dysrhythmia (P<0.001).
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Distribution of CO poisoning patients and stroke incidence
rate

Figure 2A shows the numbers of patients diagnosed with CO
poisoning by age and sex. Of the patients diagnosed with
CO poisoning, 56.47% were male and 43.53% were female.
However, the highest rates of CO poisoning were observed in
females aged <20 years and 270 years. The total number of
patients with CO poisoning was highest in patients aged 30-
39 years. The annual stroke incidence rate tended to increase
with age and peaked in patients aged 70-79 years. The crude
stroke SIR for patients after CO poisoning was 14.48 (95% Cl,
13.58-15.41), including 18.92 (95% Cl, 14.73-16.70) for pa-
tients aged <54 years, 22.98 (95% Cl, 20.85-25.28) for pa-
tients aged 55-74 years, and 34.59 (95% Cl, 30.19-39.46) for
patients aged >75 years (Figure 2B).

Sequential rates of annual stroke incidences after CO
poisoning by stroke type

In the first year after CO poisoning, the overall stroke SIR was
19.47 (95% Cl, 17.92-21.12), decreasing markedly during the
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Table 1. Baseline characteristics of total enrolled patients (total
number=29 301).

Characteristics Number (%)

Sex

CoMae 16547 (56.47)
 female 12754 (4353)
CAgegoups
o sSyears 2614 (77.18)
. ss-74years 5301 (18.09)
 >75yeas 1386 (473)
Premorbid status
© Diabetes melltus 3791 (1294)
~ Hypertension 5726 (19.54)
 Heartfalwe 497 (170)
© Atrial fibrillaion 284 (097)
©lschemic heart diseases 2203 (7.52)
© Depressive disorders 8899 (30.37)
 Therapeutic aspects
~ Admission to intensive care unit 2364 (807)
© Hyperbaric oxygen therapy 2869 (979
~ onee 2032 (7083)
Twiee 724 (2524)
. Threetimes 92 (321)
 Fourtimes 11 (038
 Fveormoretimes 10 (035

second year to 5.64 (95% Cl, 4.75-6.66). The incidence risk
for all types of strokes decreased over time. During the fourth
year after CO poisoning, however, secondary peak SIR patterns
were observed for ischemic stroke and ICH stroke, but not for
SAH stroke. Although the risk of hemorrhagic stroke decreased
to that of the general population by the sixth year (SIR, 2.07;
95% Cl, 0.56-5.29), the risk of ischemic stroke remained high-
er than that of the general population, even in the seventh
year after CO poisoning (SIR, 3.25; 95% Cl, 1.19-7.07) (Table 2).

Stroke incidences after CO poisoning according to
premorbid status

Overall SIR for stroke in patients poisoned with CO was 1.84
(95% Cl, 1.55-2.17). Several premorbid conditions, including
diabetes mellitus, hypertension, heart failure, atrial fibrillation,
ischemic heart disease, and depressive disorders, all of which
are recognized as risk factors for stroke incidence, were asso-
ciated with higher SIR. Among these premorbid statuses, atri-
al fibrillation (SIR 7.12) and heart failure (SIR 6.94) were asso-
ciated with the highest risks of stroke (Table 3).

CLINICAL RESEARCH

Risk of stroke for patients admitted to the ICU and for
those who received HBOT

ICU admission due to CO poisoning was significantly associated
with the development of stroke after CO poisoning. The cumu-
lative hazard ratio (HR) for overall stroke in patients admitted
to the ICU due to CO poisoning was 2.28 (95% Cl, 1.19-2.27),
being 2.35 (95% Cl 1.94-2.84) for ischemic stroke and 1.76
(95% Cl 1.11-2.78) for hemorrhagic stroke (Figure 3). In con-
trast, the cumulative HRs for incidences of all types of strokes
did not differ significantly in patients who did and did not re-
ceive HBOT (Figure 4).

Discussion

The findings of this study indicate that the incidence of stroke
after CO poisoning was highest during the first and second
years, regardless of the type of stroke. This incidence tended
to decrease over time until it was equal to that of the general
population after about 7 years. Because CO poisoning tends
to occur more frequently in younger people, whereas the inci-
dence rate of stroke is higher in older people, the incidence of
stroke after CO was higher in both younger and older adults
than in middle-aged persons. The risk of stroke was also high-
er in patients who were than were not admitted to the ICU
due to CO poisoning, but did not differ significantly between
patients who did and did not receive HBOT. These findings
suggest that active prevention is necessary to reduce the in-
cidence rate of stroke after acute CO poisoning.

This study contrasts with previous studies for several reasons.
First, this retrospective study established a disease-free peri-
od of 5 years to eliminate any bias from diseases diagnosed
previously. The patients were followed up for almost 7 years
after CO poisoning, during which the annual incidence rates
for all types of strokes were analyzed. Second, we compared
risks of stroke after CO poisoning in patients grouped by age,
sex, ICU admission, and HBOT, yielding results comparable to
those of a recent epidemiologic study based on the nationwide
representative stroke registry in South Korea [2]. Third, vari-
ations in follow-up times for scheduling may have minimized
the temporal bias stemming from stroke-related issues, such
as the insurance curtailment for brain magnetic resonance im-
aging and the increased social concern about stroke.

Of the patients who experienced CO poisoning, 984 (3.39%)
experienced strokes. The stroke incidence rate was high in
younger patients, being highest in patients aged 30-39 years,
followed by those aged 40-49 years. Although the risk of
stroke increased with age, more patients aged <54 years than
aged >75 years developed stroke after CO poisoning. Because
the incidence of CO poisoning is higher in younger patients,
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Table 2. Serial annual incidence rate of stroke types after carbon monoxide (CO) poisoning.

Time after CO Total stroke Ischemic stroke Hemorrhagic stroke Intracranial Subarachnoid
poisoning (160-64) (((F))] (160-62) hemorrhage (161) hemorrhage (160)
‘ Obs. (Exp.) 582 (29.89) 494 (20.60) 88 (8.80) 59 (5.08) 20 (3.03)
e ren(E) T (i) P P 1005 e R Pslss Gopmans)
Chst Obs.(Exp)  427(747)  371(527) 56234 20017 11088

quarter SIR (95% Cl) 57.14 (51.86-62.84) 70.34 (63.37-77.88) 23.89 (18.05-31.02) 34.13 (24.38-46.47) 12.51 (6.24-22.39)

Second  Obs. (Exp. 72 (7.26) 61 (5.14) 11 (2.31) 6 (1.15) 3 (0.87)*

quarter SIR(95% Cl)  9.92 (7.76-12.49) 11.87 (9.08-15.25) 4.77 (2.38-8.53)  5.20 (1.90-11.32)  3.46 (0.70-10.12)

Third Obs. (Exp.) 42 (6.99) 34 (4.95) 8 (2.23) 4 (1.1)* 4 (0.84)

quarter SIR (95% Cl)  6.00 (4.33-8.12) 6.87 (4.76-9.60) 3.59 (1.55-7.08) 3.59 (0.97-9.19)  4.78 (1.28-12.24)

Fourth Obs. (Exp.) 41 (6.66) 28 (4.72) 13 (2.12) 9 (1.06) 3 (0.80)*

quarter SIR (95% Cl)  6.15 (4.41-8.35)  7.21 (4.99-10.07) 6.12 (3.25-10.46)  8.46 (3.86-16.07)  3.75 (0.76-10.98)

S Obs. (Exp.) 140 (24.82) 107 (17.32) 33 (7.46) 19 (4.29) 14 (2.57)

e SIR (95% CI)  5.64 (4.75-6.66)  6.18 (5.06-7.47)  4.42 (3.04-6.21)  4.37 (2.62-6.85) 5.59 (3.08-9.33)
Third Obs. (Exp.) 98 (20.07) 79 (14.02) 19 (6.06) 16 (3.49) 3 (2.09)*

YL SIR (95% CI)  4.88 (3.96-5.95) 5.63 (4.46-7.02) 3.14 (1.89-4.90)  4.52 (2.57-7.37) 1.62 (0.37-4.48)
Fourth ~ Obs-(Bxp) 8201541 650078 17(470  14@e9) 2oy
VB SIR (95% CI)  5.32 (4.23-6.60)  6.03 (4.65-7.69) 3.64 (2.12-5.82) 5.20 (2.84-8.73) 1.24 (0.14-4.49)
Fifth Obs. (Exp.) 50 (10.85) 40 (7.60) 10 (3.30) 3 (1.90)* 3 (1.14)*

YEEN SIR (95% Cl)  4.61 (3.42-6.07) 5.26 (3.76-7.17) 3.03 (1.45-5.57) 1.31 (0.20-4.20) 2.19 (0.35-7.02)
sith  Obs-(Bxp)  26(632)  22(443 4099 s 1067
et SIR (95% Cl)  4.11 (2.69-6.03) 4.97 (3.11-7.52) 2.07 (0.56-5.29) 2.48 (0.45-7.54) 1.50 (0.02-8.33)
Seventh  Obs-(Bxp) 6@63 68y oosy o2 0047
EEs SIR (95% Cl)  2.28 (0.83-4.96) 3.25 (1.19-7.07) - - -

CO - carbon monoxide; Obs — observed; Exp — expected; SIR — standardized incidence rate; Cl — confidence interval. * Exact confidence
interval calculated using mid-p exact test.

Table 3. Sub-analysis of standardized incidence ratios (SIR) for stroke following carbon monoxide (CO) poisoning according to
premorbid status from 2012 to 2018 in South Korea.

Observed Expected SIR 95% ClI
Crude, all patients 984 535.36 1.84 1.55-2.17
Cpremorbidstatus
"""" Diabetes melitus 302 923 43 315587
"""" Hypertension 519 10458 4% 390623
"""" Heartfailure 63 910 694 3171317
il fibrillation 37 s 712 239-1627
"""" lschemic heart diseases 182 3763 45 295663
"""" Depressive disorders 387 161 238 179310

Cl - confidence interval.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
e926116-6 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




Kim H-H. et al.:
Stroke incidence after carbon monoxide poisoning
© Med Sci Monit, 2020; 26: €926116

CLINICAL RESEARCH

Log-Rank test, P<.001
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Log-Rank test, P<.001
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Figure 3. Kaplan-Meier analysis of the cumulative incidence of stroke after carbon monoxide (CO) poisoning in patients who were
and were not admitted to the Intensive Care Unit (ICU) (X-axis: follow-up time in years). The cumulative hazard ratio for the
incidence of all types of stroke after CO poisoning was significantly higher in patients who were than were not admitted to

the ICU at initial hospital visit for CO poisoning.

stroke following by CO poisoning contributes substantially to
an increase in the national socioeconomic burden. Therefore,
effective strategies for the active prevention of CO poisoning,
as well as for subsequent stroke, are required.

Patterns of stroke occurrence after CO poisoning differed across
the types of stroke. The incidence of stroke, regardless of type,
was highest during the first and the second years after CO poi-
soning, subsequently decreasing over time. Ischemic stroke was
the most frequent type of stroke, followed by ICH and SAH
types. The risk of developing ischemic stroke remained higher
than in the general population for up to 7 years after CO poi-
soning, whereas the risks of ICH and SAH strokes were higher
for only 5 and 2 years, respectively. These differences in pat-
terns of stroke incidence and risk factors are attributable to
differences in the pathophysiology of these different types of
stroke following CO toxicity. The high rate of ischemic stroke
soon after CO poisoning may be associated with a pro-throm-
botic tendency resulting from CO-induced pro-coagulant fea-
tures and hypo-fibrinolysis [21]. In addition, cerebrovascular
endothelial dysfunction or endothelial cell death induced by
oxidative stress could also contribute to the development of

ischemic stroke after CO poisoning [22,23]. CO toxicity may
also increase the risk of ischemic stroke in patients with exist-
ing cardiac risk factors, such as heart failure and relevant atrial
dysrhythmias, including atrial fibrillation, atrial flutter, aggra-
vated atrial dysrhythmias and heart failure [24,25].

Vessel injuries in the central nervous system may result from
a disruption of microvascular endothelial integrity caused by
excessive increases in superoxide, nitric oxide, and peroxyni-
trite. These increases may be caused by ischemia/reperfusion
injury in patients with CO poisoning, resulting in the develop-
ment of ICH stroke [26]. However, because stroke occurs soon
after CO poisoning, followed by a rapid decrease of risk dur-
ing the second year, the development of SAH may result from
events during the initial stage of the CO poisoning process,
such as an epinephrine-induced catecholamine surge of CO-
induced dysregulation of cerebral blood control [24,27]. These
phenomena may increase intracranial pressure, affecting ex-
isting cerebral aneurysms, or may directly induce aneurysmal
changes in cerebral arteries. If these resultant aneurysms do
not remain stable, they can eventually lead to SAH stroke after
CO poisoning. The secondary peaks in the incidence patterns
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Log-Rank test, P=.97

I I I T I [ I I
0 1 2 3 4 5 6 7

Time to stroke (years)

0.001

Cumulative incidence with total stroke

Number of risk

HBOT 872 791 632 461 341 276 118 118
No-HBOT 1492 1209 1026 948 719 495 495 495

Log-Rank test, P=.83
T T T T T T T T
0 1 2 3 4 5 6 7

Time to hemorrhagic stroke (years)

Cumulative incidence with hemorrhagic stroke

Number of risk

HBOT 872 828 711 711 363 295 295 295
No-HBOT 1492 1269 1269 1023 767 533 533 533

Cumulative incidence with ischemic stroke

0.04
Log-Rank test, P=.94
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| [ [ [ | [ | |
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Number of risk Time to ischemic stroke (years)

HBOT 872 797 631 464 369 282 119 119
No-HBOT 1492 1217 1035 959 728 588 588 588

----- HBOT received patients
—— No-HBOT patients

Figure 4. Kaplan-Meier analysis of the cumulative incidence of stroke after carbon monoxide poisoning in patients who did and did
not receive hyperbaric oxygen therapy (HBOT) (X-axis: follow-up time in years). The cumulative hazard rates for all types of
stroke did not differ significantly in groups that did and did not receive HBOT.

of ischemic stroke and ICH stroke are thought to be conse-
quences of the long-term effects of endothelial dysfunction
and disruption, causing subtle changes in the cerebral micro-
vessels if they do not undergo spontaneous repair.

Because of the high risk of stroke after CO poisoning, particu-
larly in young patients, and the burden associated with stroke-
related diseases, strategies are needed to prevent stroke after
CO poisoning. The current treatment guidelines for acute CO
poisoning include HBOT to reduce the severity of acute com-
plications as well as the delayed neurological sequelae in pa-
tients with severe CO poisoning. However, no study to date
has evaluated the effects of HBOT on stroke development af-
ter CO poisoning. Our study found that stroke incidence af-
ter CO poisoning did not differ between those who did and
did not receive HBOT. HBOT, however, may be useful for re-
ducing stroke occurrence in patients admitted to the ICU for
CO poisoning. Our finding, that stroke after CO poisoning was
more frequent in patients with pre-existing heart failure, atri-
al fibrillation, or atrial flutter, suggests that antiplatelet ther-
apy may prevent stroke after CO poisoning. Other methods
of risk factor management, including psychiatric intervention,
should be considered.

The present study had several limitations. First, CO poisoning
and stroke were based on claims data from the HIRA, which
contains only disease codes and demographic information.
Thus, clinical data were unavailable, such as the source and
severity of CO poisoning, the intentionality of poisoning, histo-
ry of exposure to other substances, and the degree of stroke.
Future studies should integrate HIRA claims data with clinical
datasets. Second, although the risks for stroke after CO poi-
soning in this study were compared with data from the nation-
wide stroke registry in South Korea, any gap in time between
the 2 studies may have limited the accuracy of the compari-
son. This limitation may have had a minimal effect on the re-
sults of this study because there have been few variations in
stroke incidences over time in South Korea. This limitation may
be overcome, however, by well-designed cohort studies evalu-
ating the risk of stroke after CO poisoning. Third, the disease
codes for CO poisoning and stroke were based on claims data
weighted toward a clinical environment, not a research set-
ting. Diagnoses based on ICD-10 codes are not as accurate as
those determined by structured clinical interviews. Validation
of the outcome of this study, i.e., the diagnosis of stroke, was
questionable because of the lack of clinical data, such as the
results of neurologic examinations and imaging modalities.
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Thus, delayed neurological syndrome-like conditions might
have been misdiagnosed as stroke, resulting in the overcount-
ing of outcomes. However, recent national claims-based stud-
ies suggested that analyzing the data extracted from nation-
wide claim datasets produce relatively accurate results. Thus,
using HIRA claims data likely did not introduce a significant
bias. More definitive studies should be conducted in the fu-
ture. Fourth, because of the lack of information about other
non-traumatic intracranial hemorrhages (162), results such as
the number and SIR of other non-traumatic intracranial hem-
orrhages were missing.
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Conclusions

CO poisoning is a high-risk factor for the development of
stroke, as evidenced by high rates of stroke after CO poison-
ing. Practical strategies for preventing stroke after CO poison-
ing are needed. Most strokes occur during the first 2 years af-
ter CO poisoning and affect patients of all ages, enhancing
socioeconomic burden.
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