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Instantaneous carboxyhemoglobin level
change due to smoking and analysis
of baseline SpCO in smokers

Salih Kocaoglu'" and Tufan Alatli’

Abstract

Background The aim of this study was to investigate baseline carboxyhemoglobin saturation (SpCO) values in
smokers and to show the relationship between SpCO and age, years smoking, cigarettes per day, and nicotine
dependence. We also analyzed the changes in carboxyhemoglobin in the body during active smoking.

Methods This prospective cohort study involved 136 outdoor smokers and 60 controls who had never smoked.
SpCO, heart rate (HR), and oxyhemoglobin saturation (SpO2) values were recorded with a CO-oximeter device before,
during, and two minutes after smoking. Changes during active smoking were analyzed, and all parameters were
compared between smoking and non-smoking groups. Age, BMI, years smoking, cigarettes per day, and Fagerstrom
nicotine dependence (FTND) level were correlated with baseline SpCO.

Results The mean age of smokers was 32.3 years (70.6% male; 22.79% with comorbidities), while the mean age of
non-smokers was 36.7 years (38.3% male). The SpCO and HR were significantly higher during (p=0.006, p <0.001) and
after (p=0.015, p<0.001) smoking than the pre-cigarette levels. There was a significant difference between smokers
(3.07) and non-smokers (1.77) in terms of baseline SpCO (p <0.001). Correlation analysis showed that age, years
smoking, and nicotine dependence were positively correlated with baseline SpCO. In the ROC analysis, the AUC value
for SpCO was 0.705 and the optimal cut-off value was 1.50. In addition, 83% of smokers had a baseline SpCO value
below 5%.

Conclusion In this study, the baseline SpCO values of smokers were found to be approximately 200% higher than
those of non-smokers. In addition, SpCO and HR increased during active smoking. However, 83% of smokers had

a baseline SpCO below 5% and just 2 (1.47%) smokers had a baseline SpCO value above 9%, suggesting that the
intoxication level of 9% in smokers should be reconsidered.

Clinical trial number Not applicable.
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Introduction

Carbon monoxide (CO)—a colorless, odorless, and taste-
less gas—is released as a result of incomplete combus-
tion of hydrocarbons and poses a serious danger that is
invisible to the naked eye. CO binds to hemoglobin 240
times more than oxygen, causing tissue hypoxia [1]. It is
thought that there are around 30,000 - 50,000 emergency
room admissions each year due to CO poisoning [2]. This
number is expected to be much higher in undeveloped
countries. Patients present to the emergency department
with nonspecific symptoms such as nausea, headache,
dyspnea, weakness, palpitations, and dizziness. There-
fore, CO poisoning cases are likely to be missed, espe-
cially in crowded emergency departments. Since CO is
also an environmental toxin, its diagnosis is also impor-
tant for other individuals who may be affected by the CO
present in the environment.

Diagnosis of CO poisoning used to be routinely per-
formed by emergency clinicians with invasive blood tests.
However, the development of the multiwave pulse CO-
oximeter has provided a non-invasive, easy, and rapid
method. The working principle of these devices is based
on the transmission of different wavelengths of light
during blood flow, which measures carboxyhemoglobin
saturation (SpCO) [3-5]. Comparison of SpCO obtained
from CO-oximetry with carboxyhemoglobin obtained
from blood sampling has been done in previous studies
and its accuracy has been confirmed [6, 7]. The nonin-
vasive and easily applicable nature of the device enables
easy screening in emergency departments and has been
shown to detect unexpected CO exposures [8].

However, baseline CO levels remain insufficiently
investigated. While levels above 2 -3% are considered to
signify CO intoxication in non-smokers, the cut-off value
for smokers is currently unclear owing to the variability
of baseline SpCO levels due to smoking. Some studies
show that the baseline SpCO level in smokers is below
9%. However, current guidelines published by the Cen-
ters for Disease Control and Prevention still recommend
a SpCO level of 9% as the threshold value [8-10].

In this study, we investigated baseline SpCO levels in
smokers using a CO-oximetry device. We also recorded
dynamic SpCO levels during and after active smoking
and examined the relationship of smoking-related car-
boxyhemoglobin kinetics with time.

Methods

Study design and setting

Following the approval from the Clinical Research Eth-
ics Committee (Decision Date: 03.11.2021, Decision
Number: 2021/247), this prospective cohort study was
conducted between January 2023 and January 2024 on
volunteer subjects who were active smokers. The research
team, who were waiting in the open smoking area around
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our hospital, identified and approached people who were
about to smoke and briefly informed them about the
study. Volunteers underwent measurements just before,
during, and two minutes after smoking. Smokers under
18 years of age, indoor smokers, people who refused to
participate in the study, and people who did not want to
wait after smoking were excluded from the study.

Data collection and processing

Masimo Rad 57 CO-oximeter (Masimo Inc., Irvine, CA)
with fingertip sensor was used for the measurements. In
all subjects, a single device was placed on the index fin-
ger for the duration of the assessment. This model has
been used in many previous studies. SpCO, SpO2, and
heart rate (HR) were measured before smoking, during
(halfway through) smoking, and two minutes after smok-
ing. Age, gender, years smoking, cigarettes per day, body
mass index (BMI), and comorbidities were also collected.
The subjects were also administered the Fagerstrom
nicotine dependence (FTND) test. The 60 subjects who
never smoked and were approached outdoors served as
the control group and their SpCO, SpO2, and HR were
recorded as described above.

Outcomes

Baseline SpCO, HR, and SpO2 values of smokers and
non-smokers were compared, while for smokers com-
parisons were also made across the SpCO, HR, and SpO2
values obtained before, during, and two minutes after
smoking. The relationship between baseline SpCO val-
ues and age, BMI, years smoking, cigarettes per day, and
FTND scores was also investigated.

Statistical analysis

Normality of the numeric data was tested with the Sha-
piro—Wilk test, and the Mann-Whitney U test was
used to compare non-normal variables between two
independent groups. To compare numerical variables
between two dependent groups, differences between the
pairs were calculated, and paired samples t-test and Wil-
coxon test was performed for normal and non-normal
pair differences, respectively. Pearson chi-squared and
Fisher’s exact chi-squared tests were conducted to com-
pare categorical variables between independent groups.
Mean +standard deviation and median (Q1-Q3) val-
ues were given as the descriptive statistics for numeri-
cal data. Categorical data were presented as frequencies
(n) and percentages. Pearson and Spearman correlation
coefficients were calculated to evaluate the relation-
ship between baseline SpCO, HR, and SpO2, and other
numerical variables, including age, BMI, years smoking,
cigarettes per day, and total FTND score. To determine
the effect of smoking status (smoker or non-smoker) as a
risk factor for the baseline SpCO > 5%, logistic regression
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Table 1 Demographic characteristics and smoking habits of
smokers and non-smokers
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Table 3 Comparison of baseline spco, HR and SpO2 levels
between smokers and non-smokers

Variable Smokers Non-smokers p-value Variables Smokers Non-smokers p-value
(n=136) (n=60) (n=136) (n=60)

Male 96 (70.59) 23(38.33) <0.001 SpCO 3.07£202 1.77£132 <0.001

Age [years]’ 3235+11.66 36.75+14.80 0.027 HR 87.26+14.87 80.83+14.58 0.002

Years smoking* 13.13£1097 0 - Sp0O2 9842+1.26 97.62+1.86 0.004

Cigarettes per day” 1893+£10.32 0 - Data given with the mean+standard deviation

Data given with the "n (%) or *mean + standard deviation

Table 2 SpCO, HR and SpO2 levels of smokers in pre-cigarette,
during cigarette and post-cigarette

Variables Pre-ciga- During Post-ciga-  p-value

rette cigarette rette - -

(1) (I (UD)
SpCO 3.07+£2.02 3.60+2.37 343+2.15 0.006  0.015
HR 87.26+£14.87 9257+£15.19 9035+13.96 <0.001 <0.001
SpO2 9842+126 9846+135 9836+137 0595 0506

Data given with the mean +standard deviation

analysis was performed, adjusting for gender and age.
Receiver operating characteristics (ROC) curve analysis
was performed and area under the ROC curve (AUC)
was estimated to examine the performance of SpCO,
HR, and SpO2 in discriminating between smokers and
non-smokers and to identify a significant cut-off value
(p<0.05 was accepted as statistically significant). Statisti-
cal analyses were performed using the IBM SPSS Statis-
tics 29.0.0 software.

Results

Of the 165 smokers that initially agreed to participate
in the study, 29 were excluded for various reasons (e.g.,
not waiting for the post-cigarette SpCO measurement,
not smoking the entire cigarette, immediately switching
to the second cigarette). As a result, the data pertaining
to 136 (69.39%) smokers and 60 (30.61%) non-smoker
volunteers (controls) were retained for analysis. Demo-
graphic data, including age, sex, and smoking habits,

are given in Table 1. While the mean age of smokers was
32.35+11.66 years, the mean age of non-smokers was
36.75+14.80 years, and this difference was statistically
significant (p=0.027). There were 96 (70.6%) males and
40 (29.4%) females among smokers, and 23 (38.3%) males
and 37 (61.7%) females among non-smokers (p<0.001).
For the smokers, the mean number of years smoking and
the mean number of cigarettes per day were 13.13+10.97
years and 18.93 +10.32, respectively (Table 1).

SpCO, HR, and SpO2 measurements were obtained
pre-cigarette, during smoking, and two minutes after
smoking (post-cigarette) from all smokers (r =136 for all
sessions). The SpCO levels and the HR were significantly
higher during the cigarette-smoking session (p=0.006
and p<0.001) and post-cigarette session (p=0.015 and
p<0.001) than in the pre-cigarette session (Table 2;
Fig. 1). We also measured SpCO, HR, and SpO2 for the
non-smokers. There was a significant difference between
smokers and non-smokers in terms of baseline SpCO
(p<0.001), HR (p=0.002), and SpO2 (p=0.004). These
measurements were significantly higher in smokers than
in non-smokers (Table 3; Fig. 2).

Mean total score on the FTND test was 4.19+2.92 for
the smokers. There were 47 (34.56%) smokers with very
low, 28 (20.59%) with low, 16 (11.76%) with moderate, 25
(18.38) with high, and 20 (14.71%) with very high nico-
tine dependence (Table 4).

Mean BMI of the smokers was 25.44+ 3.83 kg/m? and
31 (22.79%) individuals in this group had at least one
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Fig. 1 Error-bars for pre-cigarette, during cigarette, post-cigarette A) SpCO, B) HR and €) SpO2 levels for smokers (Circle represents mean and bars rep-

resent 1 standard deviation)
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Fig. 2 Error-bars for SpCO, HR and SpO2 for smokers and non-smokers (Circle represents mean and bars represent 1 standard deviation)

Table 4 Descriptive statistics for the Fagerstrém nicotine
dependence test

Table 6 Comparison of baseline SpCO, HR and SpO2 levels
between those with and without comorbidities

FTND test Descriptive statistics

Total score” 4.19+2.92
Very low dependence 47 (34.56)

Categories“ Low dependence 28 (20.59)
Moderate dependence 16 (11.76)
High dependence 25 (18.38)
Very high dependence 20 (14.71)

Data presented with "mean + standard deviation, or “n (%)

comorbidity. Correlation analyses indicated a positive
relationship between baseline SpCO and age (r=0.242,
p=0.005), years smoking (r=0.260, p=0.002), and
total FTND score (r=0.173, p=0.044), indicating that
older age, longer smoking duration, and greater nico-
tine dependency were associated with higher baseline
SpCO levels for the smokers. Correlations between base-
line SpCO and BMI (r=0.119, p=0.166) and baseline
SpCO and number of cigarettes smoked daily (r=0.073,
p=0.400) were not significant. There was a negative cor-
relation between HR and age (r=-0.329, p<0.001), and
between HR and years smoking (r=-0.335, p<0.001),
indicating that older age and longer smoking duration
were associated with lower baseline HR for the smokers
(Table 5).

No statistically significant difference was found
between smokers with and without comorbidities in
terms of baseline SpCO (p=0.448), HR (p=0.072), and
SpO2 (p=0.972) levels. (Table 6).

Variables  Without comorbidity ~ With comorbidity  p-value
(n=105) (n=31)

SpCO 3.00 (2.00-4.00) 3.00 (2.00-4.00) 0448

HR 88.50£15.10 83.03+£13.44 0.072

Sp02 99.00 (98.00-99.00) 99.00 (98.00-99.00)  0.972

Data presented with mean +standard deviation or median (Q1-Q3)

Table 7 ROC curve analysis results for the spco, HR and SpO2
Variables AUC p-value cut-off value

Sensitivity Specificity

SpCO 0.705  <0.001 1.50 0.809 0467
HR 0.637 0.002  79.50 0.721 0.533
Sp0O2 0.627 0.004 9850 0.522 0.700

AUC: Area under the ROC curve

We also performed ROC curve analysis to assess the
effectiveness of SpCO, HR, and SpO2 (measured at base-
line for smokers) in discriminating between smokers and
non-smokers. The AUC for SpCO was 0.705, which was
statistically significant, and the optimal cut-off value was
1.50. The AUC values for HR and SpO2 were also statisti-
cally significant but lower (Table 7; Fig. 3).

We found that 113 (83.09%) of the smokers had
SpCO<5%, and 134 (98.53%) had SpCO <9%. There was
a significant difference between smokers and non-smok-
ers in terms of proportions with SpCO <5%, but not for
SpCO <9% (Table 8).

We performed binary logistic regression analysis to
predict baseline SpCO category (<5% / >5%) by taking

Table 5 SpCO, HR and SpO2 correlation with smoking habits and demographics of the smokers

Variables SpCO HR Sp02

r p-value r p-value r p-value
Age 0.242 0.005 -0.329 <0.001 0.154 0.074
BMI 0.119 0.166 -0.129 0.135 -0.138 0.110
Years smoking 0.260 0.002 -0.335 <0.001 0.182 0.034
Cigarettes per day 0.073 0.400 0.023 0.793 -0.056 0514
FTND-total score 0.173 0.044 -0.033 0.706 -0.022 0.797

FTND: Fagerstrom Test for Nicotine Dependence, r: Correlation coefficient
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Fig. 3 ROC curves for the SpCO, HR and SpO2 in discriminating between smokers and non-smokers

Table 8 Comparison of smokers and non-smokers in terms of
baseline SpCO groups

Baseline SpCO Controls Smokers p-value
<5% 57 (95.00) 113 (83.09) 0.023
>5% 3(5.00) 23 (16.91)

<% 60 (100.00) 134 (98.53) 1.000
>9% 0(0.00) 2(147)

Table 9 Results of the logistic regression analysis for predicting
baseline SpCO groups

Variables p-value OR 95% Cl for OR
Lower Upper
Smoking status (RC: Non-smokers)  0.023 4596 1.237 17.071
Gender (RC: Female) 0.846 1.095 0441 2717
Age 0.133 1.024 0993 1.057

RC: Reference category, OR: Odds ratio, CI: Confidence interval
Dependent variable: SpCO groups (category (< 5% /> 5%)

Independent variable: Smoking status (smoker/non-smoker), gender (male/
female) and age (years)

p-value for the model: p=0.043 for the Omnibus test, p=0.672 for the Hosmer
& Lemeshow test

an indicator of smoking as an independent variable and
adjusting for age and gender (Omnibus test for the model:
p=0.043, Hosmer — Lemeshow test: p=0.672). According
to the obtained findings, smokers were 4.596 times more
likely to have baseline SpCO levels above 5% than non-
smokers (OR=4.596, p=0.023). Gender (p=0.846) and
age (p=0.133) did not emerge as significant predictors of
baseline SpCO (Table 9).

Discussion

We believe that this prospective cohort study conducted
on healthy volunteer subjects provides important infor-
mation on the effect of smoking on carboxyhemoglobin
levels. The study provides information about the baseline
SpCO values of smokers, while also offering insight into
the carboxyhemoglobin changes that occur in the human
body during smoking.

CO enters the human body through respiration. The
amount of CO absorbed is directly related to the CO con-
centration in the inhaled air, the amount of ventilation
per minute, and the duration of exposure. Inhaled CO
binds to iron molecules in hemoglobin, myoglobin, and
cytochrome C [11]. CO toxicity can present in a variety
of forms, ranging from mild symptoms to coma. The ill-
ness severity is related to the degree of CO exposure and
comorbidities [12]. It should be kept in mind that delayed
neurologic sequelae may occur in addition to acute
effects. Cigarette smoke is also an important source of
CO as it contains about 3.5% CO [13].

In the present study, SpCO and HR values were found
to be significantly higher during smoking and two min-
utes after smoking than before smoking, suggesting that
carboxyhemoglobin levels in the blood increase during
and after smoking. The increase in HR may be explained
by the activation of the sympathetic system due to stress
in metabolism and tissue hypoxia. Similarly, in a study
conducted on 85 smokers, Schimmel et al. showed that
SpCO levels increased during and after smoking [14].
Some older studies with a limited number of subjects
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have also presented results supporting those obtained in
the present study [15, 16].

A standard threshold value must be determined for the
CO-oximetry test to be interpreted and used correctly.
Currently, no standard threshold has been established.
While the exposure limit for SpCO in non-smokers has
been set at >2-3%, some studies have shown that smok-
ers generally have SpCO levels below 9% [8]. In studies
conducted, the average COHb levels in active smokers
were found to be around 4.45%, while in non-smokers,
this rate was 1.6% [17]. In our study, baseline SpCO and
HR values of smokers were significantly higher than those
of non-smokers (smokers: SpCO=3.07, nonsmokers:
SpCO=1.77, p<0.001). In the ROC analysis, the AUC
value for SpCO was 0.705, while the optimal cut-off value
was 1.5. This was expected, given that smoking causes a
chronic increase in the metabolic carboxyhemoglobin
levels, leading to an increase in baseline SpCO. Over
time, it causes tachycardia due to changes in vascular and
pulmonary structures, which explains the difference in
HR. However, it should be noted that, although the 9%
limit of CO intoxication for smokers is typically cited in
the literature, 98.5% of smokers in this study had a base-
line SpCO below 9% and 83.1% had a baseline SpCO
below 5%. These findings suggest that the 9% intoxication
threshold for smokers should be re-examined and addi-
tional studies are needed. It is suggested that with SpCO
values in the 5-9% range should be examined in the
clinic more carefully to assess their presenting symptoms
and level of CO intoxication. Schimmel et al. also raised
this issue and reported similar findings [14].

Correlation analysis showed that older age, longer
smoking duration, and greater nicotine dependence were
associated with higher baseline SpCO levels for smok-
ers. However, BMI and number of cigarettes smoked per
day were not significantly associated with their baseline
SpCO values. Schimmel et al. showed that there was no
significant correlation between pre-cigarette SpCO and
age, years smoking, number of cigarettes smoked per day,
or number of cigarettes smoked on the day of measure-
ment. However, recent smoking was closely associated
with baseline SpCO [14]. On the other hand, Roth et al.
showed that the number of cigarettes smoked per day
was an independent predictor of baseline SpCO [7].

In this study, cardiopulmonary diseases such as hyper-
tension, diabetes, asthma, COPD, coronary artery dis-
ease, and heart failure were present in 22.7% of smokers.
However, there was no statistically significant difference
in baseline SpCO, HR, and SpO2 between smokers with
and without comorbidities. Several authors cautioned
that SpCO may be elevated in asthma and COPD, but the
link between specific conditions and increased carboxy-
hemoglobin levels is insufficiently investigated [18, 19].
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Limitations

As our study participants were recruited via convenience
sampling, although the aim was to assess the typical
smoking population, our subjects appeared to be health-
ier and younger. There was a notable difference between
smokers and the control group in terms of gender.
Moreover, the information on smoking habits was self-
reported and may be inaccurate. Obviously, obtaining
carboxyhemoglobin values via blood gas analysis would
provide more reliable results, but since this is an invasive
procedure, CO-oximetry was preferred. Longer observa-
tion of post-smoking SpCO values would provide more
accurate information about the kinetics of smoking-
induced carboxyhemoglobin, but the subjects’ unwill-
ingness to wait after smoking led us to limit this period
to two minutes. Since the assumptions were not met,
confounding effects could not be adequately addressed
by performing multivariate linear regression analysis for
the numerical variables. We believe that additional mul-
ticenter studies with larger samples are needed to more
accurately determine baseline SpCO in smokers.

Conclusion

The ability to use CO-oximetry as a screening tool for
suspected CO poisoning in a larger population is cer-
tainly an advantage over blood gas analysis. However, the
results obtained in this study suggest that the threshold
value for smokers should be reconsidered, because 83.1%
of smokers had a baseline SpCO below 5%. In smokers,
baseline SpCO was associated with age, years of smoking,
and FTND level. In addition, SpCO values considerably
increased during active smoking, and the baseline SpCO
values of smokers were approximately 200% higher than
those of non-smokers.
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