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Residents and workers exposure to high carbon dioxide (CO2) levels in buildings may cause headache, dyspnea, fatigue, or
drowsiness. However, the effect of plants on in-building CO2 reduction and adverse effect relief is largely unknown. We
recruited 36 healthy participants from an office room with plants and 32 healthy participants from another office room
without plant in the same office building in Taipei. The participants in the office room with plants during 2020 would
move to the office room without plant in 2021. The twelve repeated measurements per year of CO2, fine particles (PM2.5),
total volatile organic compounds (TVOCs), blood pressure (BP), serum CO2 (TCO2), and four rating questions of
headache, dyspnea, fatigue, and drowsiness were obtained for each participant. The statistical results showed that levels of
drowsiness and systolic BP were significantly lower among participants in the office room with plants compared to those
in the office room without plants by t-test and paired t-test. The associations between increased indoor CO2 and increased
serum CO2 were observed in the office room with plants (1.32%) and without plant (4.52%) by mixed-effects models.
Also, the associations between indoor CO2 and drowsiness were observed in office rooms (with plants: 14.57%; without
plant: 3.82%). The conclusion of the present study is that plants in office environment can reduce CO2 levels and may
lower CO2-related health effects.

1. Introduction

Carbon dioxide (CO2) level can be used as an indicator of
indoor air quality in buildings. The concentrations of CO2
are significantly correlated with factors that affect indoor
air quality, such as ventilation rate, temperature, and humid-
ity. Moreover, the results of locations where CO2 is moni-

tored reflect the actual conditions residents and workers
are exposed to [1]. High CO2 levels in buildings are often
the result of poor ventilation. Most buildings, especially
office buildings, are enclosed indoor spaces. Besides, high-
rise office buildings often rely on central air conditioning
systems for ventilation. However, office buildings using glass
facades can easily develop poor ventilation over time,
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allowing CO2 to build up and exposing residents and
workers to adverse health effects, such as headache, dyspnea,
fatigue, and drowsiness [1, 2].

Previous studies have demonstrated high relative risks of
sick building syndrome symptoms and respiratory illnesses
for a low ventilation rate compared to a high ventilation rate.
Increases in ventilation rate could significantly reduce
adverse health effects and improve indoor air quality [3].
Therefore, effective ventilation in buildings is one compo-
nent of a comprehensive method to create and maintain a
comfortable and healthy indoor air environment. However,
increases in ventilation may increase building energy con-
sumption [4, 5]. High energy consumptions would result
in high greenhouse gas emissions and then make the world
less sustainable [6].

Plant needs CO2 to grow and propagate in the world [7].
Previous studies have reported the abilities of an indoor
plant on CO2 reduction [8–10]. Also, plant is one of the
effective methods to sustain indoor air quality using nonme-
chanical and at the same time reduce energy consumption.
However, the biological mechanism linking indoor CO2
levels to perceived health effects and adverse health effects
is still unclear.

Therefore, the present study was designed to investigate
the association between indoor CO2, serum CO2, blood pres-
sure (BP), and perceived health effects among healthy partici-
pants in an office room with indoor plants and an office room
without plants. The study results might reveal whether indoor
CO2, serum CO2, blood pressure (BP), and perceived health
effects would respond to indoor CO2 variation by plants.

2. Methods

2.1. Study Subjects and Study Design. The present study
recruited 68 healthy subjects aged 32 to 43 years living in
the Taipei metropolitan area, which includes Taipei, New
Taipei City, and Keelung. These participants work in a doc-
ument and legal word processing company in an office
building in Taipei. Thirty-six of these participants work in
an office room with plants while the others work in an office
without plants. This company was one of the 41 companies
in Taipei metropolitan area invited by the principal investi-
gator and agreed to join our study after the present study
design had been explained. These participants were healthy
nonsmokers without cardiopulmonary diseases according
to the company’s health examination records.

The study is a cross-over study design (Figure 1) that
included 24 measurements of 8-hour averaged CO2, fine
particles (PM2.5), total volatile organic compounds
(TVOCs), temperature and humidity, and 24 measurements
of BP, serum CO2, and four rating questions about head-
ache, dyspnea, fatigue, and drowsiness (from 0 (never) to
10 (extremely)) at the end of the work (approximately
5 : 00 p.m.) for each participant. The 24 measurements
(twelve measurements per year for each participant) were
occurred at one-month intervals from January 2020 to
December 2021. Each participant’s characteristics, such as
gender, body mass index (BMI), and age, were recorded
using a questionnaire at first measurement (January 2020).

The 36 participants who worked in an office room with
plants in 2020 were moved to an office room without a plant
in 2021. On the other hand, the 32 participants who worked
in an office room without a plant in 2020 were moved to an
office room with plants in 2021. The office movement was
routinely arranged by the company’s human resource
department according to the company’s annual schedule.
The principal investigator discussed with the manager of
the human resource department and then recruited partici-
pants from these two offices. The size of the office room
was approximately 1765 square feet, and the height was
about 12 feet for the office room. The plants in the office
room with plants were 30 Epipremnum aureum. The rate
at which outdoor air was supplied to the office room was
set to 15 cubic feet per minute per person. The ventilation
rate was measured once a month on a working day by the
occupational health and safety department according to the
company’s annual schedule using AccuBalance® Air Capture
Hood 8380 (TSI Inc., Shoreview, MN, USA). The average
ventilation rates of the two offices were 14.5 and 14.6 cubic
meter per hour, respectively, during the study period.

Our study design was reviewed and approved by a local
ethics committee in Taipei, Taiwan. Written informed con-
sent was obtained from each subject before the study.

2.2. Indoor Air Pollution and Weather Monitoring. We used
Q-TRAK IAQ (model 8551; TSI, Shoreview, MN, USA) for
indoor CO2 monitoring. A dust monitor (DUST-check porta-
ble dust monitor, model 11A; temperature and humidity sen-
sor, model 1.153FH; Grimm Labortechnik Ltd., Ainring,
Germany) was used for indoor PM2.5, temperature, and rela-
tive humidity monitoring. A MiniRAE 3000 (model PGM-
7320; RAE Systems, Inc., San Jose, CA, USA) was used for
TVOC monitoring. All air pollutants, temperature, and
humidity were monitored every minute. These monitors were
calibrated by manufacturers before sampling. All data were
matched with the sampling time of BP monitoring and then
computed to 8-hour means if 75% of the data were present.

2.3. Serum CO2. The serum CO2 was measured by total con-
centration carbon dioxide (TCO2 mmol/L). The trained
nurses collected blood (0.5mL) that was collected from the
brachial vein into a disposable 1.5mL tube with anticoagu-
lant heparin lithium. Blood samples were stored on ice in
coolers before use, and TCO2 were measured immediately
after blood sample collection. TCO2 of blood samples were
evaluated using the Abbott i-STAT portable clinical analyzer
and CG8+ cartridges (Abbott Laboratories, Nepean,
Canada).

2.4. BP Monitoring. A portable cardiac monitor (DynaPulse,
model 5000A; Pulse Metric, San Diego, CA) was used to
measure systolic BP (SBP) and diastolic BP (DBP) at the
end of the work. We used a mercury blood pressure monitor
and stethoscope to calibrate our portable cardiac monitor
before all measurements (24 measurements for each
participant).

2.5. Statistical Analysis. t-tests were used for the between-
group comparisons between the participants in office room
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with plants and participants in office room without a plant.
Paired t-tests were used for within-group comparisons
within the participants in office room with plants and the
same participants in office room without a plant. The associ-
ation of indoor CO2 with serum CO2, BP, or drowsiness was
examined by mixed-effects model. The exposure variables
were 8-hour means of CO2, PM2.5, and total VOCs, and
the outcome variables were SBP, DBP, serum CO2, and
drowsiness. The participant’s sex, age, BMI, temperature,
humidity, and air pollution were treated as fixed effects,
and the participant was fitted as a random intercept term
in our mixed-effects model. The plant (with plants versus
without a plant) was only adjusted in all data (all study par-
ticipants) mixed-effects models. The effects of pollution on
health variables were expressed as percent changes multi-
plied by the interquartile range (IQR) changes, i.e., ½β ×
IQR ÷M� × 100%, where β and M are the estimated regres-
sion coefficient and the mean of BP and serum CO2, respec-
tively. All statistical analyses were performed with the R
Statistical Software, V.4.2.1 [11].

3. Results

The mean age of 68 nonsmoking participants was 33.2 years
(ðstandard deviation, SDÞ = 2:5), the mean BMI was 23.6kg/
m2 (SD = 1:9), and themale/female ratio was 1 : 1.42 (28 versus
40). The mean serum CO2, SBP, and DBP were 22.9mmol/L
(SD = 1:5), 117.3mmHg (SD = 13:2), and 75.6mmHg
(SD = 11:2), respectively. There were no significant differences
in age, BMI, and between the two groups (36 participants work
in an office room with plants versus 32 participants work in an
office roomwithout a plant in 2020). None of them had cardio-
pulmonary diseases or took related medicine.

Table 1 summarizes the blood pressure, serum CO2, 8-
hour mean indoor CO2, air pollution and weather, and the
between-group comparisons between the office room with
plants and office room without a plant. The participants in
the office room without a plant were exposed to relatively
higher CO2, and PM2.5 levels had higher serum CO2, SBP,
and drowsiness scores compared with those in the office
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Ofce change

Healthy participants
N = 68

2020 2021
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Figure 1: Cross-over study design.

Table 1: Summary statistics for the blood pressure, serum CO2, 8-
hour mean indoor CO2, air pollution and weather, and the
between-group comparisons between the office room with plants
and office room without a plant.

With plants
N = 1632

Without plant
N = 1632

t-test
p value

CO2, ppm

Mean ± SD 912 ± 321 1343 ± 745 <0.01
IQR 342 823

PM2.5, μg/m
3

Mean ± SD 6:8 ± 3:1 9:5 ± 4:2 0.03

IQR 4.7 5.6

TVOCs, ppb

Mean ± SD 48:1 ± 16:7 47:9 ± 15:6 0.67

IQR 28.4 26.2

Temperature, °C

Mean ± SD 25:5 ± 1:1 23:4 ± 1:0 0.87

Humidity, %

Mean ± SD 65:7 ± 2:1 65:3 ± 2:4 0.79

Serum CO2, mmol/L

Mean ± SD 20:1 ± 0:9 25:5 ± 2:4 0.04

SBP, mmHg

Mean ± SD 112:3 ± 13:4 124:5 ± 14:0 0.04

DBP, mmHg

Mean ± SD 72:4 ± 10:6 78:4 ± 11:8 0.08

Headache

Mean ± SD 3:4 ± 0:3 2:6 ± 0:6 0.54

Dyspnea

Mean ± SD 2:1 ± 0:2 2:9 ± 0:5 0.76

Fatigue

Mean ± SD 5:1 ± 1:2 6:3 ± 1:9 0.61

Drowsiness

Mean ± SD 2:1 ± 0:6 4:5 ± 1:0 0.04
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room with plants (t-test, p value <0.05). There were no sig-
nificant differences in gender, age, BMI, temperature, and
relative humidity between participants in the office room
without and with plants. For the within-group comparisons
between the office room with plants and office room without
a plant (Table 2), the participants in the office room without
plants had relatively higher levels of CO2 and PM2.5 expo-
sure as well as higher serum CO2, SBP, and drowsiness
scores compared to their values when they were in the office
room with plants (paired t-test, p value <0.05).

In order to investigate the impact of plants on CO2 con-
centrations in office rooms, we summarized the 8-hour
mean level of CO2 in the two office rooms on Sundays (no
participant in the two office rooms) during the study period.
The result of between-group comparison showed that the
office room with plants had significantly lower CO2 concen-
tration (mean ± SD = 310 ± 93) than the office room without
plants (mean ± SD = 433 ± 112) (p value <0.01). Also, the

result of within-group comparison showed that the office
room with plants had significantly lower CO2 concentration
(mean ± SD = 354 ± 101) than the office room without
plants (mean ± SD = 448 ± 127) (p value <0.01).

Table 3 reports percentage changes in serum CO2 and BP
and drowsiness for an IQR change of air pollution levels
among 68 participants in different modes. We found that
indoor CO2 was significantly associated with increased serum
CO2 in all data, with plants and without plant modes (1.61%;
4.52%; 1.32%). Also, the significant association between
indoor CO2 and drowsiness was observed in all data, with
plants and without plant modes (7.62%; 14.57%; 3.82%). How-
ever, PM2.5 and TVOCs were not associated with increased
serum CO2. For BP, the association of increased SBP with
CO2, PM2.5, and TVOCs was observed in without plant
modes. Moreover, the relationship between increased SBP
and PM2.5 exposure was found in all data modes.

We further explored the association between serum CO2
and drowsiness. The results showed that elevated serum CO2
was significantly associated with an increased drowsiness
score among participants in the room with plants (6.78%)
and all data (2.52%). There was no significant association
between serum CO2 level and drowsiness score among par-
ticipants in the room without a plant.

4. Discussion

The present study observed the association between 8-hour
mean CO2 exposure and increased level of BP and serum
CO2 among a panel of healthy participants in an office

Table 2: Summary statistics for the blood pressure, serum CO2, 8-
hour mean indoor CO2, air pollution and weather, and the within-
group comparisons between the office room with plants and office
room without a plant.

With plants
N = 1632

Without plant
N = 1632

t-test
p value

CO2, ppm

Mean ± SD 899 ± 307 1498 ± 692 <0.01
IQR 365 973

PM2.5, μg/m
3

Mean ± SD 5:6 ± 2:9 10:7 ± 6:3 <0.01
IQR 2.2 6.9

TVOCs, ppb

Mean ± SD 50:8 ± 22:4 46:2 ± 19:3 0.52

IQR 31.5 27.4

Temperature, °C

Mean ± SD 24:3 ± 1:0 24:2 ± 1:1 0.83

Humidity, %

Mean ± SD 64:2 ± 2:3 64:9 ± 2:2 0.81

Serum CO2, mmol/L

Mean ± SD 21:9 ± 1:1 27:3 ± 2:7 0.04

SBP, mmHg

Mean ± SD 115:1 ± 12:5 123:5 ± 13:0 0.05

DBP, mmHg

Mean ± SD 75:7 ± 11:2 77:8 ± 12:0 0.13

Headache

Mean ± SD 2:8 ± 0:4 2:3 ± 0:9 0.68

Dyspnea

Mean ± SD 2:3 ± 0:3 2:8 ± 0:4 0.81

Fatigue

Mean ± SD 5:8 ± 1:1 6:2 ± 1:5 0.68

Drowsiness

Mean ± SD 2:6 ± 0:5 5:3 ± 1:4 0.03

Table 3: Percentage changes of health variables for an interquartile
range change of air pollution levelsa in mixed-effects models.

All datab

N = 1632
Without plant

N = 816
With plants
N = 816

CO2

Serum CO2 1.61∗ 4.52∗ 1.32∗

SBP 1.33∗ 2.41∗ 0.38

DBP -1.4 1.5 -2.3

Drowsiness 7.62∗ 14.57∗ 3.82∗

PM2.5

Serum CO2 -0.04 1.34 -0.97

SBP 2.56∗ 3.66∗ 1.12

DBP 0.98 -1.45 0.78

Drowsiness 1.98 -0.34 2.99

TVOCs

Serum CO2 0.61 -0.78 1.01

SBP 1.28 2.41∗ 0.99

DBP 0.35 1.04 1.39

Drowsiness -1.93 2.11 0.91
aThe values are presented as percentage changes and 95% confidence
intervals for interquartile range changes after adjusting for sex, age, body
mass index, temperature, and humidity in 27 mixed-effects models. bThe
plant (with plants versus without plant) was only adjusted in 9 all data
mixed-effects models. ∗p value <0.05.
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building. The participants in the office room with plants had
lower CO2 and PM2.5 exposures compare to those in the
office room without a plant. Also, levels of SBP and serum
CO2 were relatively low among the participants in the office
room with plants. These findings suggest that indoor plants
might play an important role in indoor CO2 reduction and
health improvement for workers in an office building. Theo-
retically, in-building CO2 is mainly from human breathing
during normal respiration process. CO2 would become an
indoor air quality issue when the indoor level is increased
above threshold limit [12], which have been set in the build-
ing that is below 1000 ppm [13]. Once CO2 concentration is
over 1000 ppm, adverse effects of CO2 on cardiopulmonary
system including drowsiness, increased heart rate, and ele-
vated BP may occur among residents and/or workers in that
indoor environment. Indoor plant is a possible solution to
modify the association between high-level CO2 exposure
and adverse health effects. Previous studies have demon-
strated the abilities of an indoor plant on indoor air quality
enhancement for health benefits by air pollution reduction
including PM2.5, TVOCs, and CO2 [8–10, 14]. The present
study findings on indoor air quality improvement are con-
sistent with previous findings and provide further support
to our previous study’s conclusions [15].

The present study observed the association of elevated
SBP with increased PM2.5 and TVOCs among participants
during 8-hour working in the office room without a plant.
Such findings not only support the statement of the Ameri-
can Heart Association expert panel on biological mecha-
nisms of air pollution effects on the cardiovascular system
involving autonomic dysfunction [16] but also confirm pre-
vious findings on the association between SBP, PM2.5, and
TVOCs in an epidemiological study [17] and a randomized,
double-blind cross-over trial [18]. Furthermore, the present
study did not observe the relationship between air pollution
and BP among participants in the office room with plants.
Such finding is consistent with our previous observations
demonstrating effects of houseplant on PM2.5 reduction
and decreased SBP among elderly participants [15]. Accord-
ing to previous studies, Pegas et al. [19] explored the effect of
plants on indoor air quality in a primary school by a 9-week
intensive monitoring campaign of air pollution in a class-
room without and with plants. They found a decrease of
approximately 30% in PM₁₀ concentrations during periods
of occupancy with the presence of 6 potted plants. El-
Tanbouly et al. [20] studied the role of indoor plants in air
purification and human health by reviewing related publica-
tions. They concluded that the use of indoor plants is a new
possible ecofriendly tool for indoor air purification and for
reducing the spread of bioaerosol in confined places. Hence,
the present findings provided evidence to support previous
findings and suggested that indoor plant can be a part of a
comprehensive strategy to improve indoor air quality and
its health effects.

Although the actual biological mechanism linking
indoor CO2 to fatigue, drowsiness, or tiredness is not fully
understood, the observed association of drowsiness with
indoor CO2 or serum CO2 in the present study was in accor-
dance with previous findings. Vehviläinen et al. [21] found

that blood CO2 level was significantly higher after the 4-
hour meeting in the nonventilated office room (CO2 max
4917 ppm) than after the 4-hour meeting in the ventilated
office room (CO2 max 1452 ppm). The subjective sleepiness
assessed by the KSS questionnaire increased in the nonven-
tilated room. No significant change in the KSS Scale was
observed in the ventilated room. Satish et al. [22] conducted
a controlled exposure study using a chamber outfitted like an
office with CO2 concentrations of 600, 1,000, and 2,500 ppm.
The result showed that CO2 level at 1000 ppm was associated
with a reduction in the decision-making performance. The
reduction of decision-making performance was reported to
be influenced by fatigue [23] and drowsiness [24]. These
findings may suggest that the relationship between CO2
exposure and drowsiness is biologically plausible.

There were limitations in our study that should be noted.
First, the present study design could not entirely exclude
contributions of unmeasured indoor air pollution, such as
bioaerosols from indoor sources. Therefore, exposure mis-
classification and/or measurement error could be possible
and bias the observed relationships in the present study
[25]. Second, the subjective bias of headache, dyspnea,
fatigue, or drowsiness measurement could not be completely
excluded. The study subjects were not blinded to the office
room with or without a plant. However, the consistency of
between-group, within-group, and mixed-effects model
results regarding indoor CO2 exposure and drowsiness
makes it impossible that the present findings arose entirely
from subjective bias. Finally, the present findings could not
be extrapolated to various building patterns with longer
working hours or different ventilation conditions.

Although these study limitations should be considered
carefully when we interpret our study results, the present find-
ings generally suggest that indoor CO2 is associated with
increased serum CO2, SBP, and drowsiness. The reduction of
indoor CO2 by plants is a sustainable strategy to improve
indoor air quality and lower SBP and drowsiness levels among
a panel of healthy participants in an office environment.

Data Availability

The indoor monitoring data and questionnaire data used to
support the findings of this study have not been made avail-
able due to the nondisclosure agreement signed with the
company.

Additional Points

Practical Implications. Plants in the office environment can
reduce CO2 and particle levels and may lower CO2-related
health effects including less drowsiness and decreased sys-
tolic blood pressure.

Disclosure

The funder had no role in the study design, data collection
and analysis, decision to publish, or preparation of the
manuscript.

5Indoor Air



Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This study was supported by grant (MOST 107-2314-B-038-
076-MY2) from the Ministry of Science and Technology of
Taiwan.

References

[1] C. Zuo, L. Luo, and W. Liu, “Effects of increased humidity on
physiological responses, thermal comfort, perceived air qual-
ity, and sick building syndrome symptoms at elevated indoor
temperatures for subjects in a hot-humid climate,” Indoor
Air, vol. 31, no. 2, pp. 524–540, 2021.

[2] P. Wargocki, J. Sundell, W. Bischof et al., “Ventilation and
health in non-industrial indoor environments: report from a
European multidisciplinary scientific consensus meeting
(EUROVEN),” Indoor Air, vol. 12, no. 2, pp. 113–128, 2002.

[3] O. A. Seppänen, W. J. Fisk, and M. J. Mendell, “Association of
ventilation rates and CO2 concentrations with health andother
responses in commercial and institutional buildings,” Indoor
Air, vol. 9, no. 4, pp. 226–252, 1999.

[4] P. MacNaughton, J. Pegues, U. Satish, S. Santanam, J. Spengler,
and J. Allen, “Economic, environmental and health implica-
tions of enhanced ventilation in office buildings,” International
Journal of Environmental Research and Public Health, vol. 12,
no. 11, pp. 14709–14722, 2015.

[5] D. Rim, S. Schiavon, and W. W. Nazaroff, “Energy and cost
associated with ventilating office buildings in a tropical cli-
mate,” PLoS One, vol. 10, no. 3, article e0122310, 2015.

[6] M. Iqbal, S. Chand, and Z. Ul Haq, “Economic policy uncer-
tainty and CO2 emissions: a comparative analysis of developed
and developing nations,” Environmental Science and Pollution
Research International, vol. 30, no. 6, pp. 15034–15043, 2023.

[7] D. Gamage, M. Thompson, M. Sutherland, N. Hirotsu,
A. Makino, and S. Seneweera, “New insights into the cellular
mechanisms of plant growth at elevated atmospheric carbon
dioxide concentrations,” Plant, Cell & Environment, vol. 41,
no. 6, pp. 1233–1246, 2018.

[8] H. H. Kim, J. Y. Yang, J. Y. Lee et al., “House-plant placement
for indoor air purification and health benefits on asthmatics,”
Environmental health and toxicology, vol. 29, article
e2014014, 2014.

[9] M. M. Suhaimi, A. M. Leman, A. Afandi et al., “Effectiveness of
indoor plant to reduce CO2in indoor environment,” MATEC
Web of Conferences, vol. 103, p. 05004, 2017.

[10] F. R. Torpy, P. J. Irga, and M. D. Burchett, “Profiling indoor
plants for the amelioration of high CO2 concentrations,”
Urban Forestry & Urban Greening, vol. 13, no. 2, pp. 227–
233, 2014.

[11] R Development Core Team, R: A Language and Environment
for Statistical Computing, no. article 3-900051-07-0, 2008R
Foundation for Statistical Computing, Vienna, Austria, 2008,
URL. http://www.R-project.org.

[12] D. G. Shendell, R. Prill, W. J. Fisk, M. G. Apte, D. Blake, and
D. Faulkner, “Associations between classroom CO2 concen-
trations and student attendance in Washington and Idaho,”
Indoor Air, vol. 14, no. 5, pp. 333–341, 2004.

[13] K. Azuma, N. Kagi, U. Yanagi, and H. Osawa, “Effects of low-
level inhalation exposure to carbon dioxide in indoor environ-
ments: a short review on human health and psychomotor per-
formance,” Environment International, vol. 121, pp. 51–56,
2018.

[14] L. Claudio, “Planting healthier indoor air,” Environmental
Health Perspectives, vol. 119, no. 10, pp. A426–A427, 2011.

[15] R. Y. Chen, K. F. Ho, G. B. Hong, and K. J. Chuang, “House-
plant, indoor air pollution, and cardiovascular effects among
elderly subjects in Taipei, Taiwan,” Science of the Total Envi-
ronment, vol. 705, article 135770, 2020.

[16] R. D. Brook, S. Rajagopalan, C. A. Pope et al., “Particulate mat-
ter air pollution and cardiovascular disease,” Circulation,
vol. 121, no. 21, pp. 2331–2378, 2010.

[17] C. C. Jung, H. J. Su, and H. H. Liang, “Association between
indoor air pollutant exposure and blood pressure and heart
rate in subjects according to body mass index,” Science of the
Total Environment, vol. 539, pp. 271–276, 2016.

[18] R. Chen, A. Zhao, H. Chen et al., “Cardiopulmonary benefits
of reducing indoor particles of outdoor origin: a randomized,
double-blind crossover trial of air purifiers,” Journal of the
American College of Cardiology, vol. 65, no. 21, pp. 2279–
2287, 2015.

[19] P. N. Pegas, C. A. Alves, T. Nunes, E. F. Bate-Epey,
M. Evtyugina, and C. A. Pio, “Could houseplants improve
indoor air quality in schools?,” Journal of Toxicology and Envi-
ronmental Health. Part A, vol. 75, no. 22-23, pp. 1371–1380,
2012.

[20] R. El-Tanbouly, Z. Hassan, and S. El-Messeiry, “The role of
indoor plants in air purification and human health in the con-
text of COVID-19 pandemic: a proposal for a novel line of
inquiry,” Frontiers in Molecular Biosciences, vol. 8, article
709395, 2021.

[21] T. Vehviläinen, H. Lindholm, H. Rintamäki et al., “High
indoor CO2 concentrations in an office environment increases
the transcutaneous CO2 level and sleepiness during cognitive
work,” Journal of Occupational and Environmental Hygiene,
vol. 13, no. 1, pp. 19–29, 2016.

[22] U. Satish, M. J. Mendell, K. Shekhar et al., “Is CO2 an indoor
pollutant? Direct effects of low-to-moderate CO2 concentra-
tions on human decision-making performance,” Environmen-
tal Health Perspectives, vol. 120, no. 12, pp. 1671–1677, 2012.

[23] B. Alshammari, A. AlEnazy, F. Alshammari, N. Madkhali, and
M. Al-Masaeed, “Investigation of the level and factors
influencing emergency department nurses fatigue: a case study
of the Saudi Arabian context,” Healthcare (Basel)., vol. 10,
no. 7, p. 1294, 2022.

[24] J. Charest and M. A. Grandner, “Sleep and athletic perfor-
mance: impacts on physical performance, mental perfor-
mance, injury risk and recovery, and mental health: an
update,” Sleep Medicine Clinics, vol. 17, no. 2, pp. 263–282,
2022.

[25] F. Dominici, S. L. Zeger, and J. M. Samet, “A measurement
error model for time-series studies of air pollution and mortal-
ity,” Biostatistics, vol. 1, no. 2, pp. 157–175, 2000.

6 Indoor Air

http://www.R-project.org

	The Association between Indoor Carbon Dioxide Reduction by Plants and Health Effects
	1. Introduction
	2. Methods
	2.1. Study Subjects and Study Design
	2.2. Indoor Air Pollution and Weather Monitoring
	2.3. Serum CO2
	2.4. BP Monitoring
	2.5. Statistical Analysis

	3. Results
	4. Discussion
	Data Availability
	Additional Points
	Disclosure
	Conflicts of Interest
	Acknowledgments



