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Abstract

Current smoking is the strongest predictor of future morbidity and mortality in those with
cardiovascular disease, yet clinically, smoking status is usually ascertained through self-report. We
objectively measured smoking status, using exhaled carbon monoxide (CO), for 1122 consecutive
patients entering cardiac rehabilitation. Within those with elevated CO levels (=4 ppm), females
had CO levels almost twice that of males (20.4 vs. 11.6), suggesting higher amounts of smoking.
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1. Introduction

Cigarette smoking is the leading cause of preventable death, and the prevalence of

smoking is higher among those with cardiovascular disease (CVVD) compared to the general
population [1-3]. Smoking is a major contributor to the premature development of CVD.
Unfortunately, many continue to smoke following a major cardiac event, which is associated
with a host of negative health outcomes [2—4]. Despite continued smoking being a powerful
predictor of morbidity and mortality, patients are not objectively screened for this risk factor.
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Typically, smoking status in patients with CVD is assessed through self-report. Given

the stigma associated with smoking in this population, self-report is not ideal, and it has
been estimated that up to 25 % of patients do not accurately report their current status

[5]. Objective monitoring would overcome bias in self-reporting. One way to objectively
measure recent smoking is through the amount of carbon monoxide (CO) (a gas that is a
byproduct of incomplete combustion) in expired breath [6]. CO levels peak immediately
after a cigarette is smoked and decrease steadily over time as CO is expelled from the body.
The half-life of CO in expired breath is approximately 8 h. Expired CO can be measured
quickly and non-invasively, by having the patient exhale into a small, handheld monitor,
which reports CO content in parts per million. Different cut-offs representing concerning
levels of CO have been proposed, but for a clinical population, sensitive to the effects of
CO, a cut-off of 4 ppm of higher has been suggested as requiring further screening as to
the source of the CO [7]. CO exposure can also occur from sources other than cigarette
smoking and CO, independent of smoking, is harmful to those with CVD [8]. Thus, expired
CO monitoring can serve as an objective, non-invasive method to screen for those who are
currently smoking [6] as well as identify patients with CO exposure from other sources.
The purpose of this study was to assess the prevalence of elevated CO levels in patients
attending phase 2 cardiac rehabilitation (CR) and examine patient characteristics based on
CO measurements.

2. Methods

Data were prospectively gathered on individuals entering University of Vermont Medical
Center CR from 5/2018 to 10/2021. As part of the standard assessment upon CR entry, self-
reported smoking status, depression symptom level (Patient Health Questionnaire [PHQ-9]),
cardiorespiratory fitness (peak oxygen capacity [VOapeak]), hemoglobin Alc, and CO level
(Micro Smokerlyzer, coVita) were obtained. Given that CO is cardiotoxic, patients were told
that they were being screened for exposure to a gas that is harmful to the heart and that CO
may come from a variety of sources beyond cigarette smoking [7].

Patient characteristics and CR attendance (number of sessions completed) were compared
between those with elevated CO (ECO level = 4 ppm) vs. low levels of CO exposure

(LCO level < 4 ppm). Among those with ECO, sex differences were examined. Statistical
methods included non-paired £tests and chi square analysis. Analyses were conducted on
de-identified data and, thus, were deemed by the University of Vermont Institutional Review
Board as exempt from committee review.

3. Results

The sample consisted of 1122 consecutive patients (29 % female). Exhaled CO values
ranged between 0 and 206 ppm. Fifteen percent (7= 166) were found to have an elevated
CO. Mean CO in the ECO group was 13.9 + 20.8 ppm despite the fact that only 60 %

had self-reported current smoking. When comparing the LCO (7= 956) and ECO groups,
significant differences were observed. The LCO group compared to ECO group was older
(67 £ 11 vs. 63 = 11, p< .01), reported lower depression symptom scores (3.8 £ 4.0 vs. 5.4
+ 4.7, p<.001) and had higher educational attainment (14.9 £ 3.0 vs. 13.3 + 2.8 years, p
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<.001). Additionally, the LCO group attended more sessions of CR compared to the ECO
group (22 sessions vs. 18 sessions, respectively p < .001).

The percentage of patients with ECO did not differ by sex (15 % in both males and females).
However, within the ECO group, females had almost twice the CO level of males (20.4 +
31.1vs. 11.6 £ 15.1 ppm, respectively p< .02 [Fig. 1]). Also, within the ECO group, while
the sexes did not differ by age, depressive symptoms, or CR attendance; females in this
group did have other indicators of a more at-risk profile including lower fitness (15.5 + 4.2
vs 20 + 6.1 mL-kg™ -min~1 p < .002) and higher hemoglobin Alc (6.6 vs 6.0, p < .02)
(Table 1).

4. Discussion

Continued smoking in those with CVD is a powerful predictor of future morbidity and
mortality [1,2]. Furthermore, CO exposure, independent of smoking, causes angina, fatigue,
and reduced exercise capacity and has been associated with the development and progression
of CVD [10]. Therefore screening for CO can have benefits in two ways, by identifying
additional people needing treatment for cigarette smoking, as well as identifying patients
with exposure from non-cigarette sources, such as smoking of other substances, second-hand
smoke exposure, or other environmental exposure. Importantly, CO screening also identified
additional patients who were smoking who had not been identified through self-report.

The high CO levels found in the ECO group would not be consistent with second-hand

or environmental exposure. Screening for smoking should therefore not be left to a self-
reported measure, as only 60 % of those with elevated CO levels reported current smoking.

Importantly, implementation of CO monitoring in this population also revealed disparities
by sex. In the past decade, the smoking rates between males and female have narrowed

and there are concerns that eventually current smoking will be more prevalent in females
than males. The results from this study suggest we should also be concerned about sex
differences in the number of cigarettes smoked as well. Females in this sample had twice the
CO levels compared to males; given that expired CO scales with the number of cigarettes
smoked [9] it can be assumed females are likely smoking at a higher intensity. This is a
surprising result given that at equal level CO exposure, prior studies have found women to
have lower CO levels than men due to higher respiratory rates and smaller blood volumes
[10].

The current study provides evidence that expired CO monitoring is beneficial for identifying
additional patients who are currently smoking as well as those who have environment
exposure to CO. While initial cost may be a challenge for implementation, price per
measurement is relatively low. A CO monitoring device costs between $500 and $1000.
Equipment to calibrate the monitors is about $100/year and the only individual patient
supplies needed are the disposable mouth pieces (~$0.20/piece). These costs are far less than
other standard medical equipment, such as, for example, a hospital-grade automated blood
pressure machine.
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The results from this study have several implications for the practical management of

CVD patients. CO is cardiotoxic regardless of source, and exposure to it in those with

CVD should be minimized [8]. If a patient has an elevated CO they can be asked about
potential sources of exposure. Those who report current cigarette smoking can be referred
to appropriate treatment. For those not currently smoking, clinicians can query about

other sources of exposure (smoking other substances, second-hand smoke exposure, other
environmental exposure). The clinician can then counsel the patient on how to reduce their
exposure. For example, many patients with CVD do not know the harm associated with
second-hand smoke exposure. CO monitoring can also be used repeatedly, over time, to
track whether efforts to reduce CO exposure (e. g. smoking cessation) have been successful.

Our finding of the elevated CO levels in females is also of clinical importance. Females
with CVD who smoke have disproportionally negative health outcomes from smoking as
compared to males [1,2]. For example, females who smoke have higher rates of smoking-
related mortality from CVD than males (relative risk 2.86 vs. 2.50 respectively). Given
these disparities in health outcomes which would be assumed to be further exacerbated by
the differences in CO we observed, extra efforts towards screening and treatment must be
directed towards this vulnerable population.

This research was supported by National Institutes of Health Center of Biomedical Research Excellence award from
the National Institute of General Medical Sciences: P20GM103644.
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Fig. 1.
Sex differences in CO Measurements among those with elevated CO (=4).
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Table 1

Patient characteristics overall and by carbon monoxide group.

All(n=1122) LCO (<4) (n=956) ECO (24) (n = 166)

1duosnuey Joyiny

Age (years) 67 £11 67 +11 63+11
Sex, female (%) 322 (28.7) 279 (29.2) 43 (25.9)
Educational attainment (years) 14.6 +3.1 149+3.0 13.3+28
Smoking status (self-report)

Never smoked 490 (43.7) 465 (48.6) 25 (15.1)

Formerly smoked 533 (47.5) 471 (49.2) 62 (37.3)

Currently smoking 99 (8.8) 20 (2.1) 79 (47.6)
CO (ppm) 34+91 15+0.9 13.9+20.8
HgAlC 6.3+1.2 6.3+1.2 62+11
VO2peak (mL-kg™-min~?) 195+6.4 19.6+6.5 18.7+6.0
BMI 30.0+6.0 30.0+5.9 30.0+6.7
PHQ-9 40+4.2 3.8+4.0 5447
Sessions of CR completed 22+13 23+13 19+14

Values are presented as either N (%), or as mean + SD. Abbreviations: LCO: Low Carbon Monoxide; ECO: Elevated Carbon Monoxide; HJA1C:
Hemoglobin Alc, CO: Carbon Monoxide; METS: Metabolic Equivalents; VO2: Peak Oxygen Capacity; BMI: Body Mass Index; PHQ-9: Patient
Health Questionnaire; CR: Cardiac Rehabilitation.
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