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Abstract

Objectives: The primary aim of this study is to examine the impact of carbon
dioxide (CO>) concentrations in the air on thermal comfort, cognitive performance,
and heart rate among healthcare workers while they engage in their duties within
therapeutic environments. These settings are often characterized by high
occupancy, inadequate ventilation, underground locations, limited natural light,
and exposure to pollutants.

Methods: In this laboratory-based research, 20 employees from a specialized clinic
were randomly assigned into two groups of ten. They were exposed to varying
levels of CO; at a controlled temperature of 25°C: one group experienced 1100
ppm with adequate ventilation, while the other was subjected to 1800 ppm without
ventilation. Key parameters, such as heart rate, thermal comfort (assessed using the
ASHRAE standard questionnaire), and cognitive performance (measured through
the MOCA test) were recorded. The collected data were analyzed using
multivariate analysis of covariance (MANCOVA).

Results: The statistical analysis revealed significant effects of cognitive performance
and CO; levels (1800 ppm vs. 1100 ppm) on thermal comfort (F(1,15)=13.257,
P<0.05 and F(1,15)=16.694, P<0.05). Furthermore, both the CO; levels and the
gender of participants significantly influenced the heart rate of healthcare workers
in their work environments (F(1,15)=53.381, P<0.05 and F(1,15)=9.642, P<0.05).
Specifically, individuals exposed to 1800 ppm of carbon dioxide reported a thermal
dissatisfaction score that was 0.878 units higher and exhibited a heart rate that was
9.25 beats per minute greater compared to those exposed to 1100 ppm.

Conclusion: The findings underscore the importance of continuous air quality
monitoring in workplace settings. Such measures can enhance thermal comfort
levels, improve cognitive performance, and mitigate health risks for healthcare
workers engaged in their professional activities.
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Extended Abstract
Background and Objective

Thermal comfort, or satisfaction with the thermal
environment, is essential for health, well-being, and
cognitive performance. Disruption in temperature can
lead to physical stress and decreased cognitive accuracy.
High temperatures specifically disrupt reasoning,
learning, and problem-solving, reduce workplace
productivity, and increase economic losses. Indoor air
quality, particularly carbon dioxide (CO;) levels, also
plays a significant role. High CO, levels can cause
headaches, fatigue, and respiratory issues. Effective
ventilation is crucial to maintaining optimal CO, levels
and a healthy indoor environment. Therefore, optimizing
thermal comfort and indoor air quality is vital for creating
spaces that enhance physical and mental well-being. The
aim of this study is to examine how CO, levels in
crowded, poorly ventilated, underground, and
contaminated healthcare settings impact the thermal
comfort, cognitive performance, and heart rate of
healthcare workers.

Materials and Methods

In a controlled laboratory study, 20 employees from a
specialized clinic were divided into two groups of 10 and
were exposed to two CO» level scenarios (1100 PPM with
ventilation and 1800 PPM without ventilation) at a
constant temperature of 25°C. Heart rate, thermal comfort
(based on ASHRAE standards), and cognitive
performance (assessed using the Montreal Cognitive
Assessment questionnaire) were measured. Data were
analyzed using the multivariate analysis of covariance
(MANCOVA) method.

Results

This study revealed that higher levels of CO, (1800
ppm) were associated with lower thermal comfort and
higher heart rates in healthcare workers compared to
lower levels (1100 ppm). While the group exposed to
1100 ppm met the ASHRAE standard for thermal
comfort, the 1800 ppm group did not. Specifically,
women in the 1800 ppm group reported the highest
thermal comfort score (1.800) and heart rate (600.83
bpm). Overall, the average thermal comfort score was
higher in the 1800 ppm group (1.339), and the average
heart rate was also elevated in this group (985.81 bpm).
The study demonstrated a significant relationship
between CO; levels, cognitive performance, and thermal
comfort. Higher CO; levels (1800 ppm) were linked to
diminished cognitive performance and decreased thermal
comfort compared to lower levels (1100 ppm).
Additionally, both CO, levels and gender significantly
affected heart rate. MANCOVA analysis indicated that
cognitive performance levels and gender did not
significantly impact the heart rate of healthcare staff
(P>0.05), leading to the rejection of the second
hypothesis. Furthermore, the interaction effects of CO»
levels (ppm 1800 and ppm 1100) and gender on thermal
comfort and heart rate were also not significant (P>0.05),

resulting in the rejection of the third hypothesis.

Discussion

This study demonstrated that cognitive performance
and CO; levels (1800 ppm and 1100 ppm) significantly
impacted thermal comfort, while CO, levels and gender
affected heart rate. However, cognitive performance did
not influence heart rate, nor did gender impact thermal
comfort. The interaction between CO; levels and gender
also did not significantly affect thermal comfort and heart
rate. The results indicated that varying CO; levels within
the same temperature range (25°C) lead to changes in
thermal comfort and heart rate among healthcare workers.
Cognitive performance and CO; levels significantly
influence thermal comfort, while CO, levels and gender
influence heart rate. These findings align with previous
research indicating that increased CO, levels can
stimulate the respiratory system and potentially elevate
heart rate, although a direct relationship with thermal
comfort was not previously established. Recent studies
using logistic regression have demonstrated that higher
CO; levels significantly reduce thermal satisfaction,
emphasizing the need to consider CO, levels when
creating healthy indoor environments. The impact of
indoor thermal comfort, environmental conditions,
emotions, and fatigue on employee performance varies
seasonally and significantly affects performance through
cognitive abilities. A predictive model that integrates
thermal comfort, emotions, and fatigue achieved an R? of
0.749, highlighting thermal comfort as the most critical
factor affecting work performance. Another study
considering indoor building temperature and office
worker performance indicated optimal performance at
17°C, with a thermal sensation of -0.57 and body
temperature at 36.4°C. Performance positively correlated
with thermal satisfaction and negatively with sleepiness.
This study underscores the importance of indoor
temperature in office spaces and its relationship with
performance, perceptions, and physiology. Previous
studies have also shown that exposure to hot and humid
air impacts cognitive performance.

Conclusion

This study found that healthcare workers exposed to
1800 ppm of CO, experienced higher thermal
dissatisfaction (0.878 TSV units) and an increased heart
rate (25.9 beats higher) compared to those exposed to 1100
ppm. These findings highlight the significant impact of
environmental conditions on the performance and
physiological ~well-being of healthcare workers.
Understanding how factors such as CO; levels and thermal
comfort affect cognitive performance and heart rate may
help optimize workplace conditions. Effectively managing
these environmental factors could enhance mental clarity,
decision-making, and overall performance, leading to
better outcomes, reduced medical errors, and improved
workplace health. This research provides scientific
evidence regarding the importance of workplace health,
which can inform standards, design strategies, and health
programs in healthcare environments.
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