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Background: In addition to hypoxia, oxidative stress and inflammation due to carbon
monoxide (CO) poisoning cause adverse health effects. These mechanisms are related to
the occurrence of autoimmune connective tissue disease, but studies on the association
between CO poisoning and autoimmune connective tissue disease are limited. We conducted
a study to evaluate the occurrence of autoimmune connective tissue disease following CO
poisoning.

Methods: We identified participants with CO poisoning diagnosed between 1999 and 2012
from the Nationwide Poisoning Database and selected participants without CO poisoning
from the Taiwan National Health Insurance Research Database with matching age and index
dates at a 1:3 ratio. Sex, underlying comorbidities, and monthly income were also included in
the analyses. We followed up the participants until 2013 and made comparison of the risk of
autoimmune connective tissue disease between participants with and without CO poisoning.
Results: The 23,877 participants with CO poisoning had a higher risk for autoimmune
connective tissue disease than the 71,631 participants without CO poisoning (adjusted hazard
ratio [AHR], 3.5; 95% confidence interval [CI], 3.1-3.9) after adjustment for sex, diabetes,
Lyme disease, herpes zoster, infectious mononucleosis, hepatitis, HIV infection, liver dis-
ease, renal disease, non-CO poisoning or drug abuse, malignancy, hypertension, hyperlipi-
demia, coronary artery disease, congestive heart failure, chronic obstructive pulmonary
disease, and monthly income. An increased risk was observed even after 4 years of follow-
up (AHR, 3.6; 95% CI, 3.04.4).

Conclusion: The risk of autoimmune connective tissue disease increased following CO
poisoning. Close follow-up of the patients with CO poisoning for the development of
connective tissue disease is recommended, and further investigation of the detailed mechan-
isms is warranted.

Keywords: autoimmune, carbon monoxide poisoning, connective tissue disease, hypoxia,
inflammation, oxidative stress

Introduction

Carbon monoxide (CO) poisoning is an important health problem worldwide. It
accounts for more than 50,000 emergency department visits per year' and 1319
deaths in 2014 in the United States.” In Taiwan, there were 25,912 cases diagnosed
between 1999 and 2012 as having CO poisoning, which resulted in about 500
deaths after acute poisoning.® In addition to acute fatality, CO poisoning also
contributed to increased long-term mortality and neurological sequelae including
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impairments of concentration or language, affective beha-
vioral changes, memory loss, inability to calculate, vestib-
ular problem, Parkinsonism, or corticospinal tract signs of
damage, etc.””’

A major mechanism through which CO poisoning
introduces adverse health effects is the hypoxic injury to
the tissue, which is a result of the nearly 250 times greater
affinity that hemoglobin (Hb) has for CO than oxygen and
leftward shift of O,Hb dissociation curve."® Another
mechanism of CO poisoning is the inflammatory reaction
that increases oxidative stress and the production of reac-
tive oxygen species (ROS), which can lead to ongoing
inflammation and necrosis." The main target organs are
the heart and brain due to their high need for oxygen.'
A study based on a nationwide database in Taiwan found
that CO poisoning results in a nearly 2-fold increase in the
risk of diabetes’ and argued that hypoxic injury, as well as
inflammatory and immunological reactions in the brain
and other organs, including the pancreas, led to the
increased risk.’

Autoimmune connective tissue disease, which includes
systemic lupus erythematosus, rheumatoid arthritis,
Sjogren’s syndrome, scleroderma (systemic sclerosis; sys-
temic scleroderma), and mixed connective tissue disease,
is characterized by spontaneous overactivity of the
immune system that results in over-production of antibo-
dies which are found in the circulatory system.'® In
Taiwan, the prevalence and incidence of autoimmune con-
nective tissue disease were 101.3 per 100,000 populations
and 41.3 per 100,000 person-years, respectively.'! Patients
with had

a significant higher mortality and morbidity than the gen-

autoimmune connective tissue disease
eral population.'" In addition to genetic factors, environ-
mental factors are found to be associated with autoimmune
connective tissue disease.'>'® Hypoxia, oxidative stress,
and inflammation induced by CO poisoning may increase
the risk of autoimmune connective tissue disease through
the production of autoantibodies.'* ' Oxidative stress
contributes to the pathogenesis, organ damages, and
comorbidities in systemic lupus erythematosus.'® The
effects of oxidative stress include oxidative modification
of self-antigens and T-cell dysfunction.'® Oxidative stress
is also suggested to be associated with mitochondrial dys-
function, which may lead to Sjogren’s syndrome.'® There
were no reports on the association between CO poisoning

and autoimmune connective tissue disease in a literature

LEINT3

“rheumatoid arthritis,” “Sjogren’s syndrome,” “sclero-

EEINT3

derma,” “systemic sclerosis,” and “systemic scleroderma”
as keywords through PubMed and Google Scholar.
Therefore, we hypothesized that CO poisoning may be
associated with autoimmune connective tissue disease
through hypoxic injury, oxidative stress, or both and thus

conducted a study to evaluate this potential association.

Materials and Methods

Data Sources

In this nationwide population-based cohort study, we used
two subsets of data from the Taiwan National Health
Insurance Research Database (NHIRD), namely, the
Nationwide Poison Database (NPD) and the Longitudinal
Health Insurance Database 2000 (LHID2000). The
National Health Research Institutes maintain the NHIRD,
which covers nearly 100% of the population in Taiwan,
and provides it to scientists for research purposes.” The
NPD includes all the cases of poisonings between 1999
and 2013 in Taiwan, and the LHID2000 contains all the
registration and claim data on 1,000,000 individuals ran-
domly selected from the original NHIRD.?

Study Design, Setting, and Participants

We identified all patients diagnosed with CO poisoning
between 1999 and 2012 from the NPD as the study cohort.
The comparison cohort was made up of participants with-
out CO poisoning who were randomly selected from the
LHID2000 through exact matching of ages and index dates
with the study cohort at a 1:3 ratio. According to our

: - 20,21
previous studies,*”

the 1:3 ratio for matching is suffi-
cient for providing statistical power to answer the research
question with adjustment for major potential confounding
factors. The index date was defined as the date of hospi-
talization or visit to the emergency department by the

participant with CO poisoning (Figure 1).

Definitions of Variables

We defined a patient with CO poisoning as a participant
who has been assigned diagnosis codes 986, E868, E952,
or E982 according to the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) during hospitalization or a visit to the emergency
department. The use of both ICD-9-CM of 986 and
E-codes (including E868, E952, and E982) has been vali-

search using “carbon monoxide poisoning,” “connective  dated as an effective method to identify patients with CO
tissue disease,” “systemic lupus erythematosus,” poisoning”> and adopted in many studies.>”??%?!
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Participants Participants
without CO poisoning

between 1999 and 2012

with CO poisoning
between 1999 and 2012

Exclusion: participants with autoimmune connective tissue

disease before index date

Matching with CO poisoning vs. without CO poisoning
(1:3) by the age and index date

Participants Participants
with CO poisoning without CO poisoning
n = 23877 n=71631

] ]

Variables included: age, sex, diabetes, Lyme disease,
herpes zoster, infectious mononucleosis, hepatitis, HIV
infection, liver disease, renal disease, non-CO poisoning or
drug abuse, malignancy, hypertension, hyperlipidemia,
coronary artery disease, congestive heart failure, chronic

obstructive pulmonary disease, and monthly income

Follow up until December 31, 2013

v v

Compare the risk for autoimmune connective tissue disease

between with CO poisoning and without CO poisoning

4

Investigate the independent predictors for autoimmune

connective tissue disease

Figure | Flowchart of this study.

Abbreviation: CO, carbon monoxide.

A patient of autoimmune connective tissue disecase was
defined as a participant who has been assigned ICD-9-CM
diagnosis codes 710 or 714 during at least one

hospitalization or at least three visits for ambulatory care.
Those who had been diagnosed with autoimmune connec-
tive tissue disease before the index date were excluded.
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Therefore, all patients with CO poisoning were right cen-
sored on December 31, 2013 or on the date of autoimmune
connective tissue disease diagnosis, withdrew from the
insurance program, lost for follow-up, or presence of mor-
tality records. The person-years of follow-up were calcu-
lated accordingly for each participant, and the maximum
follow-up period for participants was 15 years.

The age subgroups were defined as <20, 20-34, 35-49,
50-64, and >65 years. We studied underlying comorbidities
and potential confounders for autoimmune connective tissue
disease in the analyses,” *° including diabetes (ICD-9-CM:
250), Lyme disease (ICD-9-CM: 088.81), herpes zoster
(ICD-9-CM: 053), infectious mononucleosis (ICD-9-CM:
075), hepatitis (ICD-9-CM: 070), HIV infection (ICD-
9-CM: 042, 07953, or VO08), liver disease (ICD-9-CM:
570-576), renal disease (ICD-9-CM: 580-593), non-CO
poisoning or drug abuse (ICD-9-CM: 960-989, 303-305),
malignancy (ICD-9-CM: 140-208), hypertension (ICD-
9-CM: 401-405), hyperlipidemia (ICD-9-CM: 272), coron-
ary artery disease (ICD-9-CM: 410-414), congestive heart
failure (ICD-9-CM: 428), and chronic obstructive pulmonary
disease (ICD-9-CM: 496). Liver disease included acute and
subacute necrosis of liver (ICD-9-CM: 570), chronic liver
disease and cirrhosis (ICD-9-CM: 571), liver abscess and
sequelae of chronic liver disease (ICD-9-CM: 572), other
disorders of liver (ICD-9-CM: 573), cholelithiasis (ICD-
9-CM: 574), other disorders of gallbladder (ICD-9-CM:
575), and other disorders of biliary tract (ICD-9-CM: 576).
The subgroups of monthly income were defined as <20,000,
20,000—40,000, and >40,000 New Taiwan Dollars (NTD).

Comparison of the Risk of Autoimmune
Connective Tissue Disease Between the

Two Cohorts

We compared the risk of autoimmune connective tissue
disease between the two cohorts by following up the
participants until 2013. Stratified analyses were also per-
formed according to the common types of autoimmune
connective tissue disease (systemic lupus erythematosus
[ICD-9-CM: 710.0], rheumatoid arthritis [ICD-9-CM:
714], and Sjogren’s syndrome and Scleroderma [ICD-
9-CM: 710.2, 710.1]), age group, sex, underlying comor-
bidities, and follow-up period.

Ethical Statement
We conducted this study strictly according to the
Declaration of Helsinki. This study was reviewed and

approved by the Institutional Review Board (IRB) at Chi
Mei Medical Center (approval number: 10407-E01). The
NHIRD is not freely available and is limited to research
purposes only. Applicants must follow the regulations of
National Health Insurance Administration and National
Health Research Institutes. All applications are reviewed
for approval of data release. Informed consent from the
participants was waived by the IRB because the NHIRD
contains de-identified information only. The waiver did not
affect the rights and welfare of the participants.

Statistical Methods

In the comparisons of demographic data, underlying
comorbidities, and monthly income between the two
cohorts, we used independent #-tests to evaluate the differ-
ences in continuous variables and chi-square tests to eval-
uate those in categorical variables. The comparison of the
risk for autoimmune connective tissue disease between the
two cohorts was performed using Cox proportional hazard
regression analysis with adjustment for sex, monthly
income, and comorbidities. Crude hazard ratio (HR) was
defined as the incidence rate of autoimmune connective
tissue disease in the participants with CO poisoning
divided by that in the participants without CO poisoning.
Adjusted HR (AHR) was obtained through including
potential confounders in the regression model. Because
“death” is a competing risk with the outcome measurement
of “autoimmune connective tissue disease” in this study,
we also performed a competing risk survival analysis to
compare with the results by Cox proportional hazard
regression analysis. The Kaplan—Meier’s method and the
Log rank test were used to compare the risk for autoim-
mune connective tissue disease between the two cohorts
during the follow-up. We used Cox proportional hazard
regression analysis to identify independent predictors for
autoimmune connective tissue disease and evaluate their
effects. All the analyses were performed using SAS 9.4 for
Windows (SAS Institute, Cary, NC, USA) at a two-tailed
significance level of 0.05.

Results

In total, we identified 23,877 participants with CO poison-
ing and 71,631 participants without CO poisoning for this
study. The mean age was 36.4 (standard deviation=15.5)
years, and 39.2% of participants with CO poisoning were
20-34 years of age, followed by 31.7% in 35-49 years
(Table 1). The sex ratio within participants with CO poi-
soning was nearly 1 to 1. There were higher rates of
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Table 1 Age, Sex, Underlying Comorbidities, and Monthly Income in Participants with and without CO Poisoning
Variables With CO Poisoning Without CO Poisoning p-value
n = 23,877 n=71,631
Age (years) 364 £ 155 364 £ 155 >0.999
Age (years)
<20 2680 (11.2) 8043 (11.2) >0.999
20-34 9366 (39.2) 28,096 (39.2)
3549 7566 (31.7) 22,698 (31.7)
50-64 2974 (12.5) 8920 (12.5)
2 65 1291 (5.4) 3874 (5.4)
Sex
Female 11,905 (49.9) 36,878 (51.5) <0.001
Male 11,972 (50.1) 34,753 (48.5)
Underlying comorbidity
Diabetes 1439 (6.0) 3460 (4.8) <0.001
Alcohol abuse 873 (3.7) 661 (0.9) <0.001
Lyme disease 0 (0) 3 (<0.1) 0.317
Herpes zoster 274 (1.2) 876 (1.2) 0.355
Infectious mononucleosis 6 (<0.1) 22 (<0.1) 0.663
Hepatitis 55 (0.2) 2185 (3.1) <0.001
HIV infection 64 (0.3) 54 (0.1) <0.001
Liver disease 3272 (13.7) 8372 (11.7) <0.001
Renal disease 2336 (9.8) 5120 (7.2) <0.001
Non-CO poisoning or drug abuse 2122 (8.9) 1064 (1.5) <0.001
Malignancy 596 (2.5) 1426 (2.0) <0.001
Hypertension 2730 (11.4) 7404 (10.3) <0.001
Hyperlipidemia 1893 (7.9) 5168 (7.2) <0.001
Coronary artery disease 1289 (5.4) 2931 (4.1) <0.001
Congestive heart failure 343 (1.4) 690 (1.0) <0.001
Chronic obstructive pulmonary disease 362 (1.5) 723 (1.0) <0.001
Monthly income (NTD)
<19,999 17,273 (72.3) 44,649 (62.3) <0.001
20,000-39,999 5292 (22.2) 19,929 (27.8)
= 40,000 1312 (5.5) 7053 (9.9)

Note: Data are expressed as mean * SD or n (%).
Abbreviations: CO, carbon monoxide; NTD, new Taiwan dollars.

prevalence of many underlying comorbidities in the parti-
cipants with CO poisoning than in the participants without
CO poisoning, including diabetes, alcohol abuse, HIV
infection, liver disease, renal disease, non-CO poisoning
or drug abuse, malignancy, hypertension, hyperlipidemia,
coronary artery disease, congestive heart failure, and
chronic obstructive pulmonary disease. However, partici-
pants with CO poisoning had a lower prevalence rate of

hepatitis. Participants with CO poisoning also had a higher
percentage of earning low monthly income than the parti-
cipants without CO poisoning.

Compared to participants without CO poisoning, parti-
cipants with CO poisoning had an increased risk for auto-
immune connective tissue disease after adjusting for sex,
diabetes, Lyme disease, herpes zoster, infectious mononu-
cleosis, hepatitis, HIV infection, liver disease, renal
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Note: *Adjusted for sex, diabetes, Lyme disease, herpes zoster, infectious mononucleosis, hepatitis, HIV infection, liver disease, renal disease, non-CO poisoning or drug abuse, malignancy, hypertension, hyperlipidemia, coronary artery

disease, congestive heart failure, chronic obstructive pulmonary disease, and monthly income.

Abbreviations: CO, carbon monoxide; AHR, adjusted hazard ratio; AHR®™®%", risk estimated by competing risk survival analysis; Cl, confidence interval; PY, person-year.

disease, non-CO poisoning or drug abuse, malignancy,
hypertension, hyperlipidemia, coronary artery disease,
congestive heart failure, chronic obstructive pulmonary
disease, and monthly income (AHR, 3.5; 95% confidence
interval [CI], 3.1-3.9) (Table 2). Competing risk survival
analysis showed the similar finding (AHR®™"e 3 2;
95% CI, 2.8-3.6). The results were similar in the subgroup
analyses for systemic lupus erythematosus, rheumatoid
arthritis, and Sjogren’s syndrome and scleroderma. Both
Kaplan—Meier’s method and Log rank test showed an
increased risk for autoimmune connective tissue disease
in the participants with CO poisoning compared to in the
participants without CO poisoning (Figure 2). Stratified
analyses showed that the increased risk was more promi-
nent in the subgroups with non-CO poisoning or drug
abuse (AHR, 5.1; 95% CI, 2.2-11.9) and the subgroups
with chronic obstructive pulmonary disease (AHR, 5.3;
95% CI, 2.1-13.4). An increased risk was observed during
the whole follow-up period, even after 4 years (AHR, 3.6;
95% CI, 3.0-4.4). We took all the participants including
study and comparison cohorts together for analysis and
found that CO poisoning, older age, female sex, liver
disease, renal disease, and coronary artery disease were
independent predictors for autoimmune connective tissue
disease (Table 3).

Discussion
This study showed that participants with CO poisoning
had an increased risk of autoimmune connective tissue
disease than the participants without CO poisoning,
including those who had systemic lupus erythematosus,
rheumatoid arthritis, or Sjogren’s syndrome and sclero-
derma and that the increase was observed during the
whole follow-up period, even after 4 years. The increased
risk was more prominent in participants with chronic
obstructive pulmonary disease and participants with non-
CO poisoning or drug abuse. In addition to CO poisoning,
older age, female sex, liver disease, renal disease, and
coronary artery disease were also identified as independent
predictors for autoimmune connective tissue disease.
Connective tissue disease is complex and includes var-

. . . 1
ious genetic and environmental factors."

A possible
explanation for increased autoimmune connective tissue
disease is the hypoxia and oxidative stress induced by
CO poisoning."*'7 The pathogenesis of autoimmune oxi-
dative stress, a kind of environment factor, is the excess
production of ROS and reactive nitrogen species.?® 2

Excessive oxidative stress may enhance inflammation,
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break down the immunological tolerance, and induce
apoptotic cell death, gene activation and generation of
novel autoantigens, which are thought to play important
roles in the development of autoimmune connective tissue
disease.'>*® Hypoxia leads to higher collagen synthesis,
myofibroblast differentiation of fibroblasts, and produc-
tions of cytokine, chemokine, and TGF-B by dendritic
cells, which all induce the autoimmune reaction.!” There
is no direct evidence of the association between hypoxia
and autoimmune connective tissue disease. However,
a study reported that obstructive sleep apnea may increase
disease severity and circulating inflammatory markers in
patients with autoimmune connective tissue disease.”’
Many environmental factors, including infections, UV
irradiation, coldness, and emotional stress, have been
well recognized as developing and exacerbating factors
for autoimmune connective tissue disease.'® This study
showed an association between CO poisoning and subse-
quent diagnosis of autoimmune connective tissue disease,
which
investigation.

is a novel finding and worthy of further

Previous studies showed that delayed neuropsychiatric
sequelae, a sequela following CO poisoning, may be
caused by immunological response.’**! In rats, CO poi-
soning causes adduct formation between myelin basic
protein (MBP) and malondialdehyde, which results in an
immunological cascade.*® In the brain tissues of rats with
CO poisoning, a variety of microglia and expression of
immune factors, including major histocompatibility com-
plex II (MHCII), CD4, vascular cell adhesion molecule-1
(VCAM-1), and interferon-gamma (IFN-gamma) were
found.*'

This study also found that the increased risk for auto-
immune connective tissue disease was more prominent in
the participants with chronic obstructive pulmonary dis-
ease. Smoking is the major causative factor of chronic

32 and some studies have

obstructive pulmonary disease
shown that carbon monoxide from smoking, an environ-
mental factor, increased the risk for systemic lupus
erythematosus.'>** Carbon monoxide and other toxic
components from smoking (including tars, polycyclic aro-
matic hydrocarbons, nicotine, and free radicals) can induce
oxidative stress and directly damage endogenous proteins
and DNA, leading to genetic mutations and gene activa-
tion, which could be involved in development of systemic
lupus erythematosus.>® Via the same pathophysiology
pathway, smoking is also implicated as one of the most
important extrinsic risk factors for the development and

consequent severity of rheumatoid arthritis.** The associa-
tion between smoking and rheumatoid arthritis has been
demonstrated through epidemiologic studies, in vivo
experiments, and animal models.>* In patients with pri-
mary Sjogren’s syndrome, smoking also has a positive
association with anti-nuclear antibody positivity.*
Smoking is suggested to have negative effects on the
vascular, gastrointestinal, and respiratory outcomes of
scleroderma.’® A possible explanation for the prominent
risk in the participants with chronic obstructive pulmonary
disease is that smoking, in conjunction with CO poisoning,
might have an additional effect on the development of
autoimmune connective tissue disease.

The association between non-CO poisoning or drug
abuse and autoimmune connective tissue disease has not
been determined. Some studies have found that recrea-
tional drugs such as cocaine, amphetamines, marijuana,
and heroin, acting as environmental toxins, may stress
and injury immune stem cells and engender subsequent
autoimmune disease development and progression.>’~®

Older age and female sex were independent predictors
for autoimmune connective tissue disease in this study.
Using participants <20 years old as references, we found
the risk of autoimmune connective tissue disease increased
with age (AHR = 1.7 in age 20-34 years, AHR = 2.9 in
age 35-49 years, AHR = 4.3 in age 50-64 years, and AHR
= 5.0 in age >65 years). Therefore, older age appeared to
be a predictor for autoimmune connective tissue disease.
In systemic lupus erythematosus, peak incidence occurs
between the age of 15 and 40 years old, with a female-to-
male ratio of 6:1 to 10:1.°° In a study of the geriatric
population, the prevalence of rheumatoid arthritis predo-
minated in participants of the female sex, increased
together with age, and reached approximately 2%.*°
Sjogren’s syndrome increases with age and dominates in
the female sex with a female-to-male ratio of 9:1.>° The
onset of scleroderma is most common in those 30-50 years
old, and the female-to-male ratio is between 5:1 and
14:1.%°

It is well known that complications of the liver, kidneys,
and coronary artery may develop in autoimmune connective
tissue disease.*'™ In the current study, however, we found
that liver disease, renal disease, and coronary artery disease
were independent predictors for autoimmune connective
tissue disease, which is has not been reported in the litera-
ture. A possible explanation is that these complications were
sometimes recognized before the diagnosis of autoimmune
connective tissue disease. It is also possible that there are
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With CO poisoning

Without CO poisoning

Cumulative Incidence rate
0.05
1

0.00
1

Log Rank P-value<0.0001

Number at risk
With CO poisoning 23877
Without CO poisoning 71631

17341

12561
56942 42474

6 8 10 12 14
Time (Years)
8541 4450 1936 599
29426 15420 6836 2051

Figure 2 Comparison of the risk of autoimmune connective tissue disease between participants with and without CO poisoning during follow-up by Kaplan—-Meier’s method

and the Log rank test.
Abbreviation: CO, carbon monoxide.

bi-directional causal relationships between these diseases
and autoimmune connective tissue disease.

The strength of this study is its novel finding of a higher
risk of autoimmune connective tissue disease in patients
with CO poisoning. It provides an insight into a previously
unknown relationship between CO poisoning and autoim-
mune diseases. In addition to having the potential of inform-
ing public health practices, it may also help understanding
the contributions of environmental risk factors to autoim-
mune diseases. It also has some limitations, however. First,
the claim data used in this study is not collected for the
purposes of research. Validation of definitions for CO poi-
soning, connective tissue disease, and underlying comorbid-
ities are needed. Second, the participants without CO
poisoning might have CO poisoning before 1999. Because
the NPD includes the data between 1999 and 2013, we could
not exclude the participants who had CO poisoning in the
comparison cohort. In addition, some participants with CO
poisoning might not be recognized or diagnosed due to
insignificant symptoms and thus selected as members of
the comparison cohort. This will lead to underestimation of
the effect. However, this study showed an increased risk for
autoimmune connective tissue disease in the study cohort
using the comparison cohort as the reference and so the
conclusion would not be affected by such misclassification.

Third, there were no data on family history, smoking, life-
style, or environmental exposure in this study, all of which
are factors with the potential of confounding the results.
However, we have adjusted for common underlying comor-
bidities, and they might serve as the surrogates for some of
the unavailable data. For example, chronic obstructive pul-
monary disease might serve as a surrogate measurement of
smoking and diabetes, hypertension, and hyperlipidemia
might serve as surrogate measurements of lifestyle. Fourth,
we did not evaluate the effects of the severity of CO poison-
ing on risk for autoimmune connective tissue disease.
Further studies which are able to determine the severity of
CO poisoning in the participants are warranted. Fifth,
although we included all four major autoimmune connective
tissue diseases (systemic lupus erythematosus, rheumatoid
arthritis, Sjogren’s syndrome, and scleroderma) as the out-
comes in the analysis, the results may not stand for all the
autoimmune connective tissue diseases. Sixth, despite this
being a nationwide study that covered a large population, the
result may not be generalized to other nations with different
genetic makeups. Validation of the result in other nations is
needed. Seventh, this study reported an epidemiological
result based on the rationale of hypoxia and oxidative stress;
however, further basic studies are needed to clarify the
detailed pathophysiology.
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Table 3 Independent Predictors for Autoimmune Connective Tissue Disease in the All Participants by Cox Proportional Hazard

Regression Analysis

Variables Crude HR AHR p-valuef
(95% CI) (95% CI) *
Cohort
With CO poisoning 3.5 (3.1-3.9) 3.5 (3.1-3.9) <0.001
Without CO poisoning | (reference) | (reference) -
Age (years)
<20 | (reference) | (reference) -
20-34 1.8 (1.4-2.3) 1.7 (1.3-2.2) <0.001
3549 3.1 (24-3.9) 2.9 (22-3.7) <0.001
50-64 4.8 (3.6-6.3) 43 (3.3-5.7) <0.001
= 65 5.7 (4.2-7.7) 5.0 (3.6-7.0) <0.001
Sex
Female 2 (2-2.5) 2.5 (2-2.5) <0.001
Male | (reference) | (reference) -
Underlying comorbidity
Diabetes 1.9 (1.5-2.4) 0.9 (0.7-1.2) 0.441
Lyme disease - - -
Herpes zoster 1.5 (0.9-2.4) 1.0 (0.6-1.7) 0.948
Infectious mononucleosis - - -
Hepatitis 0.9 (0.6—1.4) 1.0 (0.6-1.5) 0.832
HIV infection 1.1 (0.2-7.5) 1.1 (0.2-7.5) 0.965
Liver disease 1.9 (1.7-2.2) 1.4 (1.2-1.6) <0.001
Renal disease 1.9 (1.6-2.3) 1.2 (1.0-1.5) 0.032
Non-CO poisoning or drug abuse 2.5 (2.0-3.2) 1.3 (1.0-1.6) 0.063
Malignancy 1.6 (1.1-2.3) 0.9 (0.6-1.3) 0.655
Hypertension 2.1 (1.8-2.4) 1.0 (0.9-1.3) 0.727
Hyperlipidemia 2.0 (1.7-2.4) 1.1 (0.9-1.3) 0.566
Coronary artery disease 2.7 (2.2-3.2) 1.3 (1.0-1.6) 0.047
Congestive heart failure 2.5 (1.6-3.8) 1.0 (0.6-1.6) 0.973
Chronic obstructive pulmonary disease 2.2 (1.4-3.4) 1.1 (0.7-1.6) 0.815
Monthly income (NTD)
<19,999 1.2 (1.0-1.5) 0.9 (0.7-1.1) 0.396
20,000-39,999 1.0 (0.8-1.3) 0.9 (0.7-1.2) 0.468
2 40,000 | (reference) | (reference) -

Notes: *Adjusted for age, sex, diabetes, Lyme disease, herpes zoster, infectious mononucleosis, hepatitis, HIV infection, liver disease, renal disease, non-CO poisoning or
drug abuse, malignancy, hypertension, hyperlipidemia, coronary artery disease, congestive heart failure, chronic obstructive pulmonary disease, and monthly income. tFor

AHR.

Abbreviations: AHR, adjusted hazard ratio; CO, carbon monoxide; Cl, confidence interval; ARF, acute respiratory failure; HBOT, hyperbaric oxygen therapy; NTD, new

Taiwan dollars.

Conclusions

This nationwide population-based cohort study found that
the risk for autoimmune connective tissue disease
increased following CO poisoning, even in the subgroup’s

analyses for systemic lupus erythematosus, rheumatoid
arthritis, and Sjogren’s syndrome and scleroderma. The
increase in the risk was observed throughout the whole

follow-up period, even after 4 years. Hypoxia, oxidative
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stress, and inflammation are suspected to be the causes. In
addition to CO poisoning, we also identified older age,
female sex, liver disease, renal disease, and coronary
artery disease as in dependent predictors for autoimmune
connective tissue disease. The positive association
between smoking and autoimmune connective tissue dis-
ease may explain the increased risk of being more promi-
nent in the subgroup with chronic obstructive pulmonary
disease. Further studies, including validation in other
nations and those that delineate the detailed pathophysiol-
ogy of the development of autoimmune connective tissue
disecase as caused by hypoxia and oxidative stress are

warranted.
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