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Abstract: It is still unknown whether long-term inhalation of indoor air pollutants from ambient
essential oil is associated with increased cardiopulmonary events. We recruited 200 healthy home-
makers to conduct a prospective observation study in Northern Taiwan. We measured heart rate
(HR), systolic blood pressure (SBP), diastolic BP (DBP), peak expiratory flow rate (PEFR), and indoor
air pollutants four times per year for each participant between 2008 and 2018. Moreover, a ques-
tionnaire related to essential oil usage, home characteristics, and health status was filled out with
each participant. The association between essential oil usage and cardiopulmonary health was
determined using mixed-effects models. The mixed-effects models showed a significant association
between essential oil usage and adverse cardiopulmonary effects including increased HR and BP
and decreased % predicted PEFR among participants with heavy use of essential oils. No significant
association between essential oils usage and adverse cardiopulmonary effects was observed among
participants without essential oils usage or participants with mild use of essential oils (less than
one hour per day). We concluded that exposure to indoor air pollution related to essential oils was
associated with adverse cardiopulmonary effects among participants with essential oil usage more
than one hour per day.

Keywords: essential oils; air pollution; peak expiratory flow rate; blood pressure; heart rate

1. Introduction

The adverse effects of poor indoor air quality on respiratory and cardiovascular sys-
tems among human subjects have been well documented in previous studies [1,2]. People’s
exposure to indoor air in houses, workplaces, public buildings, or transportation exceeds
80% in developed countries [3]. Therefore, indoor air pollution control is an important
public health issue around the world. However, indoor air pollution prevention is not
always technically feasible. Although technology is advancing, no single physical–chemical
technology is capable of controlling all indoor air pollutants in a cost-effective manner [4].

Ambient aroma is a possible strategy for indoor air quality improvement. It has been
widely used to ease stress and to improve the perception of comfort in houses and public

Atmosphere 2022, 13, 631. https://doi.org/10.3390/atmos13040631 https://www.mdpi.com/journal/atmosphere

https://doi.org/10.3390/atmos13040631
https://doi.org/10.3390/atmos13040631
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/atmosphere
https://www.mdpi.com
https://orcid.org/0000-0001-6632-679X
https://orcid.org/0000-0003-4651-5192
https://orcid.org/0000-0001-7464-3437
https://orcid.org/0000-0003-4884-6446
https://doi.org/10.3390/atmos13040631
https://www.mdpi.com/journal/atmosphere
https://www.mdpi.com/article/10.3390/atmos13040631?type=check_update&version=1


Atmosphere 2022, 13, 631 2 of 8

buildings [5]. The effects of ambient essential oil on stress relief [6,7], malodor elimina-
tion [5,8], and heart rate (HR) and blood pressure (BP) reduction [9] have been reported in
previous studies. However, essential oil is a kind of volatile organic compound (VOC) com-
posed of hundreds of aromatic chemicals [10]. VOCs have been reported to be associated
with asthma [11], chronic bronchitis [12], adverse reproductive effects [13], and adverse
cardiovascular effects [14]. Moreover, exceeding the threshold of the therapeutic effect of
essential oils could be the beginning of the period of the toxic effect [15].

To date no study or report has demonstrated whether long-term use of essential oil for
years may improve cardiopulmonary health or increase the risk of cardiopulmonary events
among human subjects. The relationship between prolonged use of essential oils over
hours and cardiopulmonary health remains to be elucidated. Therefore, we designed this
population-based study to investigate this scientific issue. The objective of the present study
was to investigate the effects of long-term essential oil usage on cardiopulmonary heath by
observing the association between BP, HR, lung function, and air pollutants among healthy
subjects with different usage times of essential oils for ten years.

2. Materials and Methods
2.1. Participants and Study Design

Two hundred healthy homemakers aged 29 to 57 years, living in the Taipei–Keelung
metropolitan area, joined the present study. The selection criteria included participants not
smoking, having no known cardiopulmonary diseases and/or history of cardiopulmonary
diseases that affected BP, blood pressure, and lung function, such as asthma, arrhythmia,
chronic obstructive pulmonary disease, lung cancer, etc. We recruited participants by
convenience sampling. Five hundred and eighty-seven participants responded to our
campus advertisement or oral invitation by the principal investigator between January 2008
and December 2010; 513 of them (87%) met the selection criteria, accepted our protocol,
were willing to participate in this study, and fulfilled our group definition of essential
oil usage. A participant who had never used essential oil (any known essential oil for
ambient air) was defined as a participant without essential oil usage. Participants who
used essential oils less than one hour per day, between one hour and four hours per day,
or more than 4 h per day were defined as participants with mild, moderate, or heavy use
of essential oils, respectively. We selected 200 participants out of 513 eligible participants
and made four groups of 50 participants, each with 25 males and 25 females. The protocol
required 4 home visits per year (1 visit per three months) between 1 January 2009 and
31 December 2018. The HR, systolic BP (SBP), diastolic BP (DBP), peak expiratory flow rate
(PEFR) and indoor air pollution were measured for each participant during each home visit.
Moreover, a questionnaire related to age, sex, body mass index (BMI, a measure of body
fat based on height and weight that applies to adult men and women), essential oil usage,
home characteristics, and health status was conducted for each participant. The protocol
was approved by the institutional review board of St. Mary’s Medicine Nursing and
Management College and the institutional review board of Taipei Medical University. Each
participant provided written informed consent before the protocol initiation.

2.2. BP and HR Monitoring and Recording

We measured each participant’s HR, SBP, and DBP at 30-min intervals during each
home visit from 0900 to 2100 (12 h) using a portable BP monitoring system (DynaPulse
model 5000A, Pulse Metric, San Diego, CA, USA). The participant held the DynaPulse
system to monitor their resting HR and BP for six hours. Each participant yielded approx-
imately 104 successful HR and BP measurements over four visits (24 measurements per
visit) per year.

2.3. Indoor Air Pollution, Temperature, and Humidity Monitoring and Recording

Indoor total VOCs (TVOCs) were measured using a total VOC monitor (ppbRAE
Plus, model PGM-7240, RAE Systems, Inc., San Jose, CA, USA). The calibration gas used
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was isobutylene. The indoor fine particles (airborne particles ≤ 2.5 µm in aerodynamic
diameter, PM2.5), temperature, and relative humidity were measured continuously using
a portable monitor (DUSTcheck Portable Dust Monitor, model 1.108; temperature and
humidity sensor, model 1.153FH; Grimm Labortechnik Ltd., Ainring, Germany). We used a
Rupprecht and Patashnick 1400a tapered element oscillating microbalance sampler (Thermo
Electron Corporation, East Greenbush, NY, USA) to calibrate the DUST-check monitor in
the laboratory. The raw data for 1-min indoor air pollutants measurements were matched
with the sampling time of HR and BP monitoring to compute 1-min (current, lag 0), 1-h
(lag 1) and 2-h (lag 2) mean data, if 75% of the data were present.

2.4. Peak Expiratory Flow Rate Measurement

We measured each participant’s peak expiratory flow rate (PEFR) after air pollution
monitoring by a peak flow meter (Dofin™, GaleMed Corporation, Taipei, Taiwan). All par-
ticipants were trained to take three consecutive PEFR readings in the standing position
at each home visit. If the variation of three consecutive readings of PEFR was < 10%, the
PEFR measurement was considered valid. The best value of the three readings was selected
for use in further analysis.

2.5. Statistical Analysis

We employed a one-way analysis of variance (ANOVA) with Scheffe’s mean com-
parison test to compare health variables and indoor air quality among participants based
on the participants’ essential oils usage. The associations of indoor air pollutants (PM2.5
and TVOCs) with BP, HR, and PEFR were examined by mixed-effects models using R
Statistical Software, V.3.5.0 [16]. The outcome variables were SBP, DBP, HR, and PEFR,
while the exposure variables were PM2.5 and TVOCs levels at 1-min (lag 0), 1-h (lag 1),
and 2-h (lag 2) mean. Each regression model included fixed effects for age, sex, body mass
index, education, family income, air conditioning times per week, window opening times
per week, cooking times per week, cleaner using times per week, year and visit order,
and random effect for the participant’s identification number. The effects of indoor air
pollutants on SBP, DBP, HR and % predicted PEFR were expressed as percent changes
multiplied by the interquartile range (IQR) changes.

3. Results and Discussion
3.1. Results

The average age of the 200 participants was 42.6 years old {standard deviation (SD)
= 3.9}, the average BMI was 25.8 kg/m2 (SD = 1.6), and the male/female ratio was 1:1.
There was no significant difference in age and BMI between the four groups of participants
(ANOVA, p-value > 0.05). Moreover, there were five participants with asthma, two par-
ticipants with adenocarcinoma, and four participants with acute myocardial infarction in
the participants who used essential oils for more than 4 h per day. No cardiopulmonary
disease was detected in participants who used essential oils for less than one hour per day
(Table 1).

Table 2 shows that the participants with heavy use of essential oils had relatively
higher levels of TVOCs and PM2.5 exposure than those with moderate, mild, or no use of
essential oils (Scheffe’s test, p-value < 0.01). In addition, the participants with heavy use
of essential oils had relatively higher SBP, DBP, and HR but relatively lower % predicted
PEFR compared with those with moderate, mild, or no use of essential oils (Scheffe’s test,
p-value < 0.01). No significant difference in temperature or relative humidity among the
four groups was observed.
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Table 1. Basic characteristics of the 200 participants grouped by essential oil usage.

None Mild Moderate Heavy
N = 50 N = 50 N = 50 N = 50

Sex, no (%)
Male 25 (50) 25 (50) 25 (50) 25 (50)

Female 25 (50) 25 (50) 25 (50) 25 (50)
Age, years

Mean 41.3 ± 4.5 42.5 ± 3.8 42.1 ± 4.3 48.2 ± 3.1
Range 29–57 30–54 29–56 43–57

Body mass index
Mean 25.4 ± 1.8 25.6 ± 2.2 25.3 ± 1.9 27.3 ± 2.1
Range 21.5–30.2 20.4–29.8 21.2–30.5 24.5–30.3

Health status in 2018
Asthma 1 0 3 5

Adenocarcinoma 0 0 0 2
Acute myocardial infarction 0 0 2 4

Table 2. The statistical summary for peak expiratory flow rate, blood pressure, and heart rate at 1-h
mean and environmental measurements at 1-h mean among 200 participants from 2008 to 2018 *
(mean ± standard deviation).

None Mild Moderate Heavy ANOVA

p-Value Scheffe’s Test

SBP, mmHg 119.7 ± 21.1 110.1 ± 20.4 123.2 ± 21.8 131.4 ± 22.1 <0.01
Heavy/None/Mild

/Moderate
DBP, mmHg 76.1 ± 18.3 72.4 ± 19.7 82.7 ± 20.8 88.6 ± 22.5 <0.01

HR, beats/min 74.5 ± 7.2 72.9 ± 6.8 79.7 ± 7.2 84.1 ± 7.8 <0.01

% predicted PEFR 91.2 ± 5.9 91.8 ± 6.4 89.2 ± 6.1 80.2 ± 7.6 <0.01 Heavy/None; Mild;
Moderate

PM2.5, µg/m3 9.3 ± 4.4 10.8 ± 5.1 11.4 ± 6.2 16.8 ± 9.3 <0.01 Heavy/None/Mild
/ModerateTVOCs, ppm 0.43 ± 0.18 0.55 ± 0.27 0.77 ± 0.41 2.48 ± 1.65 <0.01

Temperature, °C 24.2 ± 1.3 24.7 ± 1.1 23.9 ± 1.2 24.1 ± 1.6 0.22 -
Relative humidity, % 73.2 ± 2.3 74.2 ± 2.4 74.5 ± 2.2 73.6 ± 2.1 0.29 -

The associations between TVOCs and health measurements explored by mixed-effects
models are shown in Table 3. Increases in BP and HR and decreases in % predicted
PEFR were significantly associated with increased TVOC exposure among all participants.
The IQR increases in lag 1 TVOCs (0.79 ppm) accounted for a 4.21% increase in SBP but a
2.92% decrease in % predicted PEFR. Moreover, the IQR increases in lag 2 TVOCs (0.99 ppm)
accounted for 7.89%, 3.58%, and 3.22% increases in SBP, DBP, and HR, respectively, as well
as a 4.28% decrease in % predicted PEFR. Moreover, we found that lag 1 and lag 2 TVOCs
were significantly associated with increased SBP (6.88–10.89%), DBP (3.41–6.54%), and HR
(3.44–5.67%) and decreased % predicted PEFR (5.67–9.88%) in participants with heavy use of
essential oils. Moreover, the association of TVOC exposure with decreased SBP or HR was
observed in participants with mild use of essential oils. There was no significant association
between TVOCs and any health measurement among participants with moderate or no use
of essential oils.

Moreover, we investigated the association between PM2.5 and health measurements
by mixed-effects models (Table 4). We first analyzed the association of PM2.5 at lag 0, 1
and 2 with health measurements among all participants. The results showed that PM2.5
at lag 1 was consistently and significantly associated with all health measurements. Then
we explored the association between PM2.5 at lag 1 and all health measurements for four
groups. We only observed effects of PM2.5 at lag 1 on all health measurements among
participants with heavy use of essential oils.
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Table 3. Changes in health measurements resulting from an interquartile range change in lag0 to lag2
of total volatile organic compound levels in mixed-effects models.

Group Lag SBP DBP HR % Predicted PEFR

All 0 1.35 −0.21 −0.01 0.43
1 4.21 * 0.34 1.32 −2.92 *
2 7.89 * 3.58 * 3.22 * −4.28 *

None 0 0.24 −0.34 1.02 0.23
1 1.21 0.88 0.13 −0.01
2 0.98 −1.67 −0.55 1.91

Mild 0 −2.81 * −1.34 −1.98 * 0.23
1 0.89 0.78 −0.87 0.99
2 −0.65 1.04 0.43 −0.76

Moderate 0 −0.43 −0.51 −0.42 0.34
1 0.99 0.02 −0.45 −0.10
2 1.23 0.72 0.88 0.52

Heavy 0 2.13 * 0.99 0.45 −1.23
1 6.88 * 3.41 * 3.44 * −5.67 *
2 10.89 * 6.54 * 5.67 * −9.88 *

* p-value < 0.01.

Table 4. Changes in health measurements resulting from an interquartile range change of fine
particles levels in mixed-effects models.

Group Lag SBP DBP HR % Predicted PEFR

All 0 0.1 −0.23 0.76 −0.06
1 2.77 * 1.89 * 1.73 * −1.98 *
2 2.12 * 0.66 −0.99 1.11

None 1 0.97 −0.32 0.61 −0.98
Mild 1 0.28 −0.13 1.02 0.67

Moderate 1 1.86 * 1.04 0.96 −0.06
Heavy 1 3.45 * 2.13 * 2.99 * 4.67 *

* p-value < 0.01.

3.2. Discussion

The present study focused on the long-term effect of essential oil on cardiopulmonary
effects among healthy non-smoking homemakers. Basically, the study results suggest that
exposure to essential oils more than four hours per day for approximately ten years was
associated with increased BP and HR and decreased % predicted PEFR. These associations
were more significant and consistent for TVOCs than the associations for PM2.5. More-
over, the study results showed relatively more participants with cardiopulmonary events
(asthma, adenocarcinoma, and acute myocardial infarction) in participants with heavy
use of essential oils than participants without essential oil usage. Such study results may
imply that long-term indoor TVOCs exposure from essential oils was the main effect on the
cardiopulmonary system in these homemakers.

A previous study characterized the profiles and concentrations of emitted VOCs when
evaporating essential oils indoors in Taiwan homes. The results showed that high emissions
of linalool, eucalyptol, D-limonene, etc., were observed after the evaporation began, as the
highest levels of VOCs in these essential oils appeared to emit into the indoor air [17].
Theoretically, these substances showed anti-inflammatory and anticancer properties in
laboratory studies [18–20]. However, commercially available essential oils often contain
fragrance ingredients and other undescribed or unknown ingredients. Fragrance ingredi-
ents are typically a complex mixture of several dozen to several hundred chemicals [21],
primarily synthetic compounds [22]. Moreover, fragrances have been recognized as trig-
gers for asthma [22] and adverse health effects, including migraine headaches, asthma
attacks, respiratory difficulties, chest discomfort, fast or irregular heartbeat, etc. [23–25].
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Therefore, the increased risk of long-term exposure to essential oils on the health of the
human cardiovascular system is still worthy of attention and caution.

As in our previous study findings [14], the present study once again found that light
use (less than one hour per day) of essential oils may help to reduce BP and HR. The main
difference between this study and our previous study was the study population. Our past
study was aimed at occupational users of essential oils, but the present study was conducted
among non-occupational homemakers. Both studies confirmed the effect of light use of
essential oils on the cardiovascular system, reported in previous studies. Seo [26] reported
an association between essential oil aroma inhalation and a lower BP and pulse rate in
female high school students. Sebastian and Kear [27] conducted aromatherapy inhalation
to participants before a cardiac rehabilitation session over 8 min using lavender essential
oil. BP, radial pulse, and stress levels were measured among participants in aromatherapy
and non-aromatherapy sessions. The results showed a reduction in BP following both
aromatherapy and non-aromatherapy sessions with no statistical significance between
sessions and concluded that aromatherapy may be a useful stress management tool for
cardiac rehabilitation patients. Kim et al. [28] investigated VOCs in essential oils and the
effects of the inhalation of the essential oils in 10 adult male and female subjects. They
observed that the subjects’ SBP and HR decreased after inhalation of the essential oils.
Accordingly, short-term exposure to essential oils may help to reduce BP and HR for
physical relaxation.

The scientific evidence regarding the biological mechanism linking inhalation of
essential oils to cardiopulmonary effects remains limited. However, inhalation of VOCs
from essential oils or VOCs-related ozone (O3) can be a possible explanation. O3 is a
secondary air pollutant formed by the photochemical oxidation of VOCs derived from
air fresheners, cosmetics and deodorants, cleaners and disinfectants, etc. [29]. Inhalation
exposure to VOCs, O3, PM2.5, etc., can induce pulmonary oxidative stress, inflammation,
and autonomic dysfunction in human subjects. Long-term exposure to these air pollutants
and recurrent cardiopulmonary inflammation may result in lung function impairment,
myocardial infarction, lung cancer, etc. [30]. Therefore, our study findings imply that
aromatherapy inhalation should focus not only on the positive effects of essential oils on
physical relaxation but also on negative effects of overexposure to essential oils to minimize
cardiopulmonary health risk.

There are some limitations should be addressed in our study. First, the association of
essential oils exposure with increased BP and HR and decreased % predicted PEFR could
be confounded by other unmeasured outdoor and indoor air pollutants. Second, we could
not completely rule out all confounders, such as genetic factor, emotional variation, culture
difference, etc., even though we have adjusted for a set of individual-level confounders.
Third, it is still unknown whether the fluctuations of BP, HR and % predicted PEFR are asso-
ciated with observed or future cardiopulmonary events, even if these health measurements
can serve as markers for increased risks of cardiopulmonary diseases. Fourth, we were
unable to define concentrations of essential oils to cause adverse or beneficial effects due to
lack of qualitative and quantitative analysis data for ambient essential oils. Finally, we did
not measure essential oils in flavorings, food, candy, sanitizers, etc. Therefore, we might
have overestimated the effects of ambient essential oils on cardiopulmonary systems.

4. Conclusions

We concluded that healthy homemakers with heavy use (more than four hours per
day) of essential oils had significantly higher levels of TVOCs and PM2.5 exposure than
those with mild (less than one hour per day) or no use of essential oils. Long-term usage of
essential oils less than one hour per day over a decade was associated with decreased BP
and HR. Moreover, prolonged exposure to essential oils for more than four hours per day
over a decade was associated with increased BP and HR.
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