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Abstract
Background: Carbon monoxide (CO) poisoning remains a major cause of accidental injuries and multiple studies have indicated
that CO is also associated with significantly severe or long-term toxicity to the central nervous system. Given that CO poisoning
causes serious morbidity and mortality, a better understanding of epidemiological features and clinical characteristics of acute CO
poisoning in China is crucial.
Methods: We collected the clinical data of acute CO poisoning in patients between November 2019 and April 2020 across
Shandong province, China and analyzed its characteristics focusing on the weekly amount and the severity of the confirmed cases.
Results: A total number of 21,088 acute CO poisoning cases were diagnosed. The overall incidence of acute CO poisoning was
approximately 0.021%. On severity rankings, 63% of confirmed cases (n= 13,378) were mild, 27% (n= 5635) were moderate,
and 10% (n= 2075) were severe. Interestingly, the coastal cities had more confirmed cases than the inland/suburban areas in
Shandong. Meanwhile, the number of confirmed cases was negatively correlated with the local mean daily temperature
(P= 0.0167).
Conclusions: Mild acute CO poisoning cases accounted for the majority of all confirmed cases during the winter of 2019. In
Shandong province, which is located in east China, residents of the coastal cities are more susceptible to CO poisoning than
residents of inland cities.
Keywords: Epidemiology; Acute carbon monoxide poisoning; Public health; Delayed neurological sequelae; Hyperbaric oxygen
therapy
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Introduction

Carbon monoxide (CO) poisoning remains a major cause
of accidental injuries and may account for more than half
of all fatal poisonings worldwide.[1] The non-occupational
sources of acute CO poisoning include poorly maintained/
ventilated home heating systems and cooking appliances
in China.[2] Also, multiple studies have indicated that CO
is associated with significantly more severe or long-term
toxicity to the central nervous system than any other gas-
related intoxications.[3-5] Given that CO poisoning causes
serious morbidity andmortality, a better understanding of
epidemiological features and clinical characteristics of
acute CO poisoning is crucial.

Although the general status of the Chinese economy has
skyrocketed in the last three decades, the development of
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the country’s economy has not been very balanced. There
has been rapid urbanization, and urban residents have
relied much less on coal as a heating modality in winter
compared to residents of rural areas. Nevertheless, the
prevalence of CO poisoning in China remains remarkably
high, especially given the country’s largely rural popula-
tion. Unlike other countries, where suicide and deliberate
CO exposure during suicide is the main cause of CO
poisoning,[6] inadequate maintenance of heating equip-
ment and lack of adequate ventilation are the major non-
occupational causes of CO poisonings in China. Residents
of remote villages in northern China still use coal/charcoal
as heating fuel in winter, with which insufficient
combustion can easily lead to unintended CO gathering.
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Furthermore, in most urban areas, heating supply service
(HSS) is highly available for most residents in winter, and
the incidence of accidental CO poisoning is understand-
ably much lower.[7]

Shandong is a coastal province with a temperate monsoon
climate. As a big agriculture-based province, the rural
population in Shandong is significantly larger than the
urban ones. In this investigation, we conducted a weekly
survey of the prevalence and severity of confirmed CO
poisoning cases in Shandong province between November
2019 and April 2020, which was rarely reported as a
provincial survey on acute CO poisoning.
Methods

Ethical approval

All studies included in the analyses reported here received
ethics approval from the Shandong Medical Association
Review Board.
Study design

We conducted a retrospective investigation of patients
with acute CO poisoning who were admitted in order to
receive hyperbaric oxygen (HBO) therapy in 16 districts of
municipal cities in Shandong province between November
2019 and April 2020.
Data sources

Weekly data were collected from the HBO departments of
hospitals in different districts via the HBO Medicine
Branch of Shandong Medical Association. Once a week,
the director of each city’s HBOMedicine Branch collected
the data on confirmed cases of three differentiated types of
acute CO poisoning in their region.
Case definition

According to the diagnostic criteria for occupational acute
CO poisoning (GBZ23–2002), we classified each case of
CO poisoning into three types: mild, moderate, and
severe.[8] Patients with mild CO poisoning showed clinical
manifestations of headache, weakness, nausea, and
vomiting and had arterial carboxyhemoglobin (COHb)
level > 10%. Patients with moderate CO poisoning
showed severe headache, irritability, impaired judgment,
reduced awareness, etc, and had arterial COHb levels
>30%. The patients with moderate CO poisoning
recovered after rescue without obvious complications.
Patients with severe CO poisoning showed signs of coma
or deep coma, severe myocardial injury, respiratory
failure, etc, and had arterial COHb levels >50%.
Statistical analysis

Data analysis was performed with GraphPad Prism
software (version 5.0, GraphPad Software Inc., San
Diego, CA, USA). Differences in proportion of acute
CO poisoning were evaluated using two-way analysis of
variance (ANOVA) with Bonferroni post hoc-tests, and
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P< 0.05 was considered statistically significant. Correla-
tion analysis was used to examine the association between
environmental temperature and the number of confirmed
cases of acute CO poisoning. To correct for non-normality
and small sample size, Spearman correlations were
computed, and the level of significance for statistical
testing was set to a= 0.05.
Results

General characteristics

A total number of 21,088 cases of acute CO poisoning
were diagnosed. Based on a general population of 101.5
million in Shandong province in 2020, the incidence of
acute CO poisoning was about 0.021%.[9] As shown in
Figure 1A, we observed two noteworthy increases in the
number of confirmed cases. The first remarkable increase
occurred during the third week of November 2019, while
the second increase was a sharp peak that appeared on the
third week of January 2020. As shown in Figure 1B, 63%
of confirmed cases (n= 13,378) were mild, 27%
(n= 5635) were moderate, and 10% (n= 2075) were
severe. There were also two striking increases in the
number of confirmed cases on the curve of mild type cases
as shown in Figure 1B, which showed trends similar to
those in Figure 1A.
Regional differences

The coastal cities of Qingdao and Yantai together had
shared a larger number (>3000) of the confirmed cases
than the other 14 municipal cities combined. In fact, the
total number of confirmed cases for both Qingdao and
Yantai was 6731 [32%, as seen in Supplementary Table 1,
http://links.lww.com/CM9/A962 and Figure 2]. The total
number of confirmed cases in the four coastal cities of
Qingdao, Yantai, Rizhao, and Weihai (n= 8827)
accounted for 42% of all cases. The number of confirmed
cases (12,910, accounting for 61%) in the six cities of
Qingdao, Yantai, Rizhao, Weihai, Linyi, and Weifang in
the eastern region of Shandong province were more than
that (n= 8178, accounting for 39%) of ten cities
(Liaocheng, Dezhou, Jinan, Heze, Jining, Zibo, Dongying,
Binzhou, Taian, and Zaozhuang) in the inland region of
Shandong province. According to the results of the two-
way ANOVA ofthe data (number of CO poisoning cases),
there were significant differences among the 16 municipal
cities in the number of CO poisoning cases (P< 0.0001).

The distribution of the confirmed cases of different types of
CO poisoning was different across the 16 municipal cities
[Supplementary Table 1, http://links.lww.com/CM9/
A962]. There was no significant difference in the number
of mild, moderate, or severe cases of CO poisoning among
the citiesLinyi,Dezhou,Zibo, Jinan,Heze,Zaozhuang, and
Dongying (P> 0.05). Therewas no significant difference in
the number of mild and moderate of CO poisoning cases
amongQingdao,Liaocheng,Rizhao,Weifang, andBinzhou
(P> 0.05), but there was a significant difference in the
numbers of mild and severe cases of CO poisoning among
thesefivecities (P< 0.05). Inaddition, therewere significant
differences in the number of mild and moderate cases
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Figure 1: Provincial general characteristics of confirmed cases of acute CO poisoning. (A) The weekly number of total confirmed cases of acute CO poisoning. (B) Differences in
distributions and characteristics of each type of acute CO poisoning. CO: Carbon monoxide.
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of CO poisoning, mild and severe cases of CO poisoning in
Yantai, Jining,Weihai, and Taian (P< 0.01). According to
the results of two-way ANOVA with number of CO
poisoning cases as the dependent variable, there were also
significant differences among different types of CO
poisoning (P= 0.0111).

Correlation analysis

We found that the number of confirmed cases between
November and January (n= 16,198, 77%) was much
larger than that from February to April (n= 4890, 23%).
The incidence of CO poisoning changed with environ-
mental temperature variance. According to the daily
temperature management plan provided by the Shandong
Meteorological Bureau, we drew a 6-month temperature
curve [Supplementary Figure 1, http://links.lww.com/
1541
CM9/A962]. We examined Spearman correlations be-
tween mean daily temperature and number of confirmed
cases of acute CO poisoning and found a significant
negative correlation, indicating that a lower mean winter
temperature was associated with increased incidence of
acute CO poisoning [Figure 3].
Discussion

The most severe complication of acute CO poisoning is
delayed neurological sequelae (DNS). DNS has long been
a worldwide clinical concern because it leads to serious
deterioration in a patient’s quality of life, jeopardizes their
independence, and eventually leads to an unavoidable
disability, or even death.[10-13] Although most patients
with mild CO poisoning could recover fully from the acute

http://links.lww.com/CM9/A962
http://links.lww.com/CM9/A962
http://www.cmj.org


Figure 3: Correlation between environmental temperature and number of confirmed
cases of acute CO poisoning (Spearman r= -0.9429, P value= 0.0167). Each value of
temperature on the X-axis represents the mean daily temperature of each month. CO:
Carbon monoxide.

Figure 2: Regional differences in characteristics of acute CO poisoning in 16 municipal cities. CO: Carbon monoxide.
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phase, more than half of the patients with severe CO
poisoning would develop a tragic DNS within 3 days to 6
weeks after CO poisoning onset.[14] Therefore, it is
necessary for patients to go to the HBO department as
early as possible, ideally within 24 h after CO exposure,
for early emergency treatment and DNS prevention.[15]

Prior studies have shown that using HBO therapy in the
acute phase of CO poisoning reduces immune-mediated
neuropathology and can reduce the incidence of
DNS.[15,16] It has been reported that a historical cohort
1542
study in which all patients with a diagnosis of CO
poisoning managed in a regional hospital in Hong Kong
from February 12, 2003 to November 8, 2013, was
conducted. Of the clinical profiles of 93 patients analyzed,
24 patients who received HBO therapy at an earlier time
did not develop the following DNS, which showed a
100% protective effect of HBO therapy against DNS in
patients with severe CO poisoning. Loss of consciousness,
low Glasgow Coma Scale score, intubation requirement,
elevated troponin, and higher creatine kinase levels were
possible prognostic factors for the development of DNS in
patients with severe CO poisoning.[17]

A retrospective 6-year epidemiological study (2009–2014)
reported an overall analysis of CO poisoning-related
mortalities in China, which collected data provided by the
forensics from nine districts of Wuhan, showing that a
total of 131 incidents of CO poisoning that resulted in
the death of 156 victims were collected, and 76 incident
events (97 mortality in total) were classified as accidents,
49 incident events (51 deaths) were suicides, three incident
events (four deaths) were homicides, one incident event
(three deaths) was homicide-suicide, and one incident
event (one death) was classified as undetermined. Coal or
charcoal burning was found to be the major cause of the
suicide CO poisoning-related death (67%), meanwhile
fire-related accident was also the major cause of accidental
CO poisoning’s mortalities.[18]

In our investigation, malpractice or malfunctioning of the
coal-burning stoves inside homes likely accounts for the
majority of CO poisoning incidents in Shandong.
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Therefore, community health centers or other grassroots
medical facilities should provide more detailed instruc-
tions for residents that focus on the safe application of the
home heating stoves.

In this study, the first remarkable increase in cases, which
appeared during the third week of November 2019 at a
time when a 7-month heating equipment halt had ended
and an essential equipment renewal or maintenance
should be carried out before reuse during the winter.
However, due to the sudden drop in daily temperature in
the winter of 2019, a large number of rural residents
presumably rushed indoors to attend to the coal-based
heating equipment directly, which resulted in a tragic rise
in accidental CO poisonings. The second conspicuous
increase we observed occurred during the third week of
January 2020, when the daily minimum temperature was
the lowest of the winter.[19] Furthermore, for the Chinese
LunarNewYear, which was January 25th in early 2020, it
is a solid fact that large numbers of college students and
rural migrant workers returned to their rural hometowns
for the Spring Festival Holidays, and the deadly
combination of a closed environment and inadequately
maintained heating equipment must have contributed
greatly to the number of cases surging.

Another point worth mentioning is the proportion of
acute CO poisoning types. There were 13,378 cases of the
mild type, which accounted for more than half 63%) of all
cases, consistent with the previous reports.[20]

Confirmed cases in the four coastal cities accounted for
>40%of the total number of confirmed cases in Shandong
province. Only three inland cities in the western region
had over 1000 confirmed cases: 1158 in Jining, 1464 in
Dezhou, and 2309 in Liaocheng. Last but not least, the
number of cases of CO poisoning had a high correlation
with seasonal colder weather,[21] which was consistent
with the results of previous studies.[21-24]

This multi-center study of acute CO poisoning was the
first provincial survey conducted in the last three decades
in Shandong province. The frontline data provided by the
16 districts of municipal cities of Shandong province are
considered highly reliable and representative. We presume
that the larger number of confirmed cases in coastal cities
mainly occurred because of regional disparities in
economic level, medical conditions, and medical service
availability, and all these advantages stood for a more
percentage of data completion and more accountability of
follow-up and bio-info statistics.

Shandong province is located in the northeastern part of
China, adjacent to the Yellow Sea, where the climate is
relatively moderate. It is also worth mentioning that the
quality of Shandong’s healthcare service is far better than
average in China; therefore, the statistical data collected
from the 16 cities we included should be considered
representative for a well-off province.

Intriguingly, theHSS is not available in southernChina, nor
in rural and remote areas of northern China, and there may
be more accidental CO poisoning cases in these areas.[2,25]
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Ourobservations have certain limitations, and in the case of
overall provincial economy status, medical service levels,
andrural-urbandifferences, thecollectionofdata indicating
provincial disparities in CO poisoning in China was
complicated; an overall long-term nation-based CO
poisoning registration system should be guaranteed.

CO poisoning poses a significant public health burden.
Systematic evaluation of data sources from a national
registration system might assist in developing effective
prevention strategies. The prevention of CO poisoning
depends on reducing the source (insufficient combustion) or
early detection. Public health interventions aimed at
modification of health behaviors like using CO alarms
indoorsmightprevent a largenumberofCOpoisoning cases.
Limitations

This study lacks long-term follow-up. The mortality of the
cases of acuteCOpoisoningwe identifiedwasnotmeasured
due to pre-hospital loss of follow-up. In addition, although
datawere collected from16cities,most of the patients came
from suburbanor rural areas. Therefore, patientswhowent
to local primary hospitals for first aid or other treatment
were not included in this study.We assume that the number
of cases we identified was smaller than the actual number
because of the incompleteness of our data collection
procedure, which did not have the involvement of all
frontline medical services.
Conclusions

In this study, mild acute CO poisoning cases accounted for
the majority of all confirmed cases during the winter of
019. In Shandong province, which is located in east China,
residents of the coastal cities are more susceptible to CO
poisoning than residents of inland cities.
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