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Abstract

Purpose: It has been reported that mental stress is an independent risk factor for cardiovascular events and impairs coronary circulation. Lavender
aromatherapy, one of the most popular complementary treatments, is recognized as a beneficial mental relaxation therapy. However, no study has
examined the effect of this therapy on coronary circulation. We aimed to assess the effect of lavender aromatherapy on coronary circulation by
measuring coronary flow velocity reserve (CFVR) with noninvasive transthoracic Doppler echocardiography (TTDE).
Material and methods: We enrolled 30 young healthy men (mean age 34±4.7 years, range 24–40 years). Coronary flow velocities in the left
anterior descending coronary artery were recorded by TTDE at rest and during hyperemia induced with an intravenous infusion of adenosine
triphosphate (ATP). CFVR was calculated as the ratio of hyperemic to basal mean diastolic flow velocity. CFVR was assessed at baseline and
immediately after lavender aromatherapy (four drops of essential oil diluted with 20 ml of hot water and inhaled for 30 min). Simultaneously,
serum cortisol was measured as a marker of stress hormones. To exclude the relaxation effects of rest, the same measurements were repeated
in the same volunteers without aromatherapy as a control study.
Results: CFVRmeasurementswere obtained in all volunteers (100%). Blood pressure and heart rate responses toATP infusionwere not affected by
lavender aromatherapy. Serum cortisol significantly decreased after lavender aromatherapy (8.4±3.6 to 6.3±3.3, pb0.05), but remained
unchanged in controls (9.1±3.5 to 8.1±3.9, p=ns). In addition, CFVR significantly increased after lavender aromatherapy (3.8±0.87 to 4.7±0.90,
pb0.001), but not in controls (3.9±0.8 to 3.9±0.8, p=ns).
Conclusions: Lavender aromatherapy reduced serum cortisol and improved CFVR in healthy men. These findings suggest that lavender
aromatherapy has relaxation effects and may have beneficial acute effects on coronary circulation.
© 2007 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Lavender aromatherapy is becoming increasingly popular
and is recognized as a complementary therapy that is be-
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neficial for mental relaxation. Additional effects, such as
antioxidant and acetylcholinesterase inhibitory activities,
have been also reported [1,2], and these moderate effects
have been assessed in individuals with various chronic and
degenerative diseases, including atherosclerosis. By contrast,
there have been few clinical reports about the relationship
between lavender aromatherapy and coronary circulation.
rapy improve coronary flow velocity reserve in healthy men evaluated by
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Table 1
Clinical characteristics

Characteristics Aromatherapy
(n=30)

Control
(n=30)

P value

Age (years) 32±4.7 32±4.7 ns
Men 30 (100%) 30 (100%) ns
BMI 23±3.1 23±3.1 ns
Smoking 10 (33%) 10 (33%) ns
Total cholesterol (mg/dl) 181±28.7 181±28.0 ns
High-density lipoprotein

cholesterol (mg/dl)
53.5±12.7 53.9±12.0 ns

Low-density lipoprotein
cholesterol (mg/dl)

110±27.6 110±27.8 ns

Triglyceride (mg/dl) 117±69.2 112±65 ns
Fasting blood sugar

(mg/dl)
94.8±11.7 93.9±11.5 ns

Data are presented as mean±SD.
ns indicates not significant.

Table 2
Hemodynamics

Before
baseline

Before
hyperemia

After
baseline

After
hyperemia

Lavender BPs 112±13 107±12 109±14 106±12
BPd 63±9.4 59±10 62±12 59±9.1
HR 67±6.8 74±8.4‡ 65±6.6 73±9.8‡
RPP 7502±1252 7966±1298 7072±1150 7722±1420⁎

Control BPs 110±14 106±12 108±14 105±13
BPd 65±10 59±9.7⁎ 62±12 57±9.8
HR 66±5.5 74±8.1‡ 64±6.5 71±7.9‡
RPP 7284±1105 7760±1104 6833±1065 7463±1190⁎

Data are presented at the mean±SD.
⁎pb0.05 vs. baseline; †pb0.01 vs. baseline; ‡pb0.001 vs. baseline.
BPd indicates diastolic blood pressure (mmHg), BPs indicates systolic blood
pressure (mm Hg), HR indicates heart rate (/min), RPP indicates rate
pressure product (beats per minute×mm Hg).

Fig. 1. Serum cortisol in aromatherapy group (closed circles) and control
group (open circles). In the lavender aromatherapy subjects, cortisol was
significantly reduced after aromatherapy. ⁎pb0.05 vs. before aromatherapy.

2 Y. Shiina et al. / International Journal of Cardiology xx (2007) xxx–xxx

ARTICLE IN PRESS
Mental stress has been reported to impair coronary
circulation [3], to induce vasospastic angina [4], and to cause
endothelial dysfunction. Some studies have shown that stress
management improves coronary ischemia and its clinical
outcome [5]. Coronary flow velocity reserve (CFVR), which
is partly endothelium dependent, is considered as a useful
physiologic index for coronary microcirculation [6]. Trans-
thoracic Doppler echocardiography (TTDE) is a useful tech-
nique for measuring coronary flow velocity and for assessing
CFVR non-invasively [7–9]. The aim of this study was to
evaluate the beneficial effects of aromatherapy on CFVR in
healthy men using TTDE.

2. Materials and methods

2.1. Subjects

We studied 30 healthy men (mean age 34±4.7 s, range
24–40 years) (Table 1), and excluded female subjects
because CFVR is affected by the menstrual cycle [10].
None of subjects had hyperlipidemia, hypertension, diabetes
mellitus, left ventricular hypertrophy, atrial fibrillation or
abnormal wall motion of left ventricle. Ten subjects were
smokers. All volunteers had to refrain from smoking, tea,
caffeine, wine, other known sources of rich flavonoids, and
antioxidant supplements for 3 h preceding assessment. Each
subject gave written informed consent before enrollment.

2.2. Study protocol

In this single-blind (operator) study, the subjects were
studied on two separate days: one day with lavender
aromatherapy, and another day without aromatherapy
(control study). All studies were performed in the evening
after a regular work. In a quiet, air-conditioned room (14 m2,
22–25 °C), the room lights were dimmed, background noise
was maximally reduced, and the subjects were encouraged to
relax. After 30 min of rest in a supine position, a blood
sample was taken immediately and an initial measurement of
Please cite this article as: Shiina Y et al. Relaxation effects of lavender aromathe
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coronary flow velocity reserve was performed. Aromather-
apy was then carried out by inhalation of lavender essential
oil (linalyl acetate 43.73%, linalool 29.26%, terpinen-4-ol
3.46%, cineol 0.61%) for 30 min using four oil drops diluted
with 20 ml of hot water. After lavender aromatherapy, a
second blood sample was taken and coronary flow velocity
reserve was assessed again. On a later day, control studies
without aromatherapy were performed as above in the same
30 volunteers to exclude the relaxation effects of rest. The
blood samples taken immediately before and after aroma-
therapy were used to determine serum concentrations of
blood sugar and lipid profiles (total cholesterol, low-density
lipoprotein (LDL) cholesterol, high-density lipoprotein
(HDL) cholesterol, triglyceride levels). Serum cortisol was
measured as a marker of stress hormones.

2.3. Measurements of CFVR with TTDE

The method of measuring CFVR with TTDE has been
described previously [7–9]. Coronary flow velocities in the
left anterior descending coronary artery (LAD) were
recorded with an Acuson Sequoia 512 instrument (Siemens
Medical Solutions USA, Inc., Mountainview, California)
using a frequency of 5–7 MHz (Doppler frequency,
rapy improve coronary flow velocity reserve in healthy men evaluated by
rd.2007.06.064

http://dx.doi.org/10.1016/j.ijcard.2007.06.064


Table 3
Mean diastolic velocity measurements

Before aromatherapy
(mm/s)

After aromatherapy
(mm/s)

Lavender Baseline 16.6±5.4 15.1±4.9
Hyperemia 60.7±17.2 71.3±21 a

Control Baseline 15.3±4.9 16.2±5.5
Hyperemia 57.0±16 60.4±18.7

Data are presented at the mean±SD.
a pb0.01 vs. baseline before aromatherapy hyperemia.
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3.5 MHz) with color flow mapping guidance. We tried to
align the ultrasound beam parallel to the direction of flow in
the distal LAD, and angle correction was needed in each
examination because of incidental Doppler angle (mean
angle 25±21°, range 0–56°). Intravenous adenosine triphos-
phate (ATP) was administered (0.14 mg/kg/min) to induce
hyperemia. Mean diastolic velocities (MDV) were measured
at baseline and at peak hyperemic conditions and were
averaged over three cardiac cycles. CFVR was defined as the
ratio of hyperemic MDV to basal MDV.

2.4. Statistical analysis

All data were expressed as mean±SD. We used Student’s
t-test to compare clinical characteristics between the lavender
aromatherapy subjects and controls. To compare the effects of
ATP administration and aromatherapy, we used repeated-mea-
sure ANOVA for serum cortisol, hemodynamic parameters
(blood pressure, heart rate and rate pressure product), mean di-
astolic velocities and coronary flow velocity reserve. The Fisher
protected least-significant difference test was used for the post
hoc test. For all analyses, pb0.05 was considered significant.

3. Results

Adequate spectral Doppler recordings of diastolic coronary
flow in the LADwere obtained in all volunteers (100%). None
Fig. 2. Individual changes in CFVR in subjects before and after aromatherapy w
aromatherapy subjects.
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of the subjects experienced any symptoms or showed any
electrocardiogram changes during ATP administration.

3.1. Hemodynamics

As shown in Table 2, there was no difference in systolic
blood pressure, diastolic blood pressure, heart rate and rate-
pressure product at baseline between the lavender aroma-
therapy subjects and controls. Heart rate and rate-pressure
product at hyperemia significantly increased in both groups
of subjects in response to ATP infusion.

3.2. Serum cortisol

Serum cortisol was measured as a marker of stress hor-
mones. There was no difference in serum cortisol levels bet-
ween the lavender aromatherapy subjects and controls before
aromatherapy (8.4±3.6 vs. 9.1±3.5), but serum cortisol levels
were significantly lower after lavender aromatherapy than
before aromatherapy (8.4±3.6 to 6.3±3.3, pb0.05) (Fig. 1).
By contrast, serum cortisol levels in controls did not change
significantly.

3.3. CFVR

Mean diastolic velocities in both groups of subjects are
shown in Table 3. MDV values at baseline were quite similar
between the lavender aromatherapy subjects and controls.
Repeated-measures ANOVA showed a significant interaction
for MDVand ATP administration between the before and after
aromatherapy groups (pb0.001), andMDVin hyperemia after
aromatherapy significantly increased in comparison to that
before aromatherapy (60.7±17.2 to 71.3±21, pb0.01). In
addition, CFVR after aromatherapy also significantly in-
creased as compared with that before aromatherapy (3.8±0.87
to 4.7±0.90, pb0.001) (Fig. 2). By contrast, MDVand CFVR
in controls did not change significantly.
ith lavender oil (left) and in controls (right). CFVR improved in lavender
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The inter- and intraobserver variabilities (error) for
measurement of the Doppler velocity recording were 5.0%
and 3.9%, respectively.

4. Discussion

Many effects of lavender aromatherapy have been
documented, including mood and emotion control (sedative,
anxiolytic, antidepressant, hypnotic, alert), control of
autonomic nervous system, and endocrine effects [11–15].
In addition, lavender aromatherapy has been reported to have
antioxidant activities and to inhibit acetylcholinesterase
[1,2]. Oxidative damage, caused by the action of free
radicals, may initiate and promote the progression of a
number of chronic diseases, such as neurodegenerative
disorders, cancer, atherosclerosis, cataract formation, and
inflammation [16,17]. As a result, antioxidant effects of
lavender aromatherapy have been studied in relation to the
prevention of degenerative brain disorders, such as Alzhei-
mer’s and Parkinson’s diseases, and cancer [18,19]. By
contrast, there have been few reports about the relationship
between lavender aromatherapy and coronary circulation. In
an animal study, linalyl acetate, as the major ingredient of
lavender essential oil, has been shown to relax the vascular
smooth muscle in rabbit carotid arteries, and to be partially
associated with activation of the nitric oxide/cyclic guano-
sine monophosphate pathway [20]. To our knowledge, our
study is the first to show that lavender aromatherapy im-
proves coronary circulation in healthy men.

Negative mental stress has been shown to increase serum
cortisol levels in many reports [22]. On the other hand, a
pleasant mental situation, such as watching a good video and
smelling a favorite scent, have been found to decrease
cortisol levels and to increase free radical scavenging ac-
tivities [21–23]. The 5-year incidence of cardiovascular
events has been reported to be significantly higher in men
with abnormal cortisol section as compared with those with a
normal pattern [24]. This suggests that stressful situations
leading to elevated cortisol impair coronary circulation.
Epidemiological studies indicate that psychosocial factors
contribute to the development of both coronary artery
disease and endothelial dysfunction, and coronary athero-
sclerosis worsens in response to social disruption [25,26].
Our recent study has also shown that mental stress decreases
CFVR within 30 min [3]. However, the underlying mech-
anisms are complex and elusive. Among many possible fac-
tors, endothelial dysfunction, hypercoagulability, impaired
autonomic function, exaggerated hemodynamic responses,
and reactive oxygen species responses to stress have been
related to cardiovascular outcomes and enhanced athero-
sclerosis [27,28].

Except for our study, there has been no report that directly
indicates that lavender aromatherapy improves coronary
circulation in men, although some recent investigations have
evaluated the complex mechanisms that may link stress
reduction to improved cardiovascular outcomes. Daily
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relaxation and stress reduction have been associated with
reduced carotid atherosclerosis [29]. In patients with mental
stress-induced coronary ischemia, Blumenthal et al. have
shown improved coronary ischemia and improved clinical
outcome with a CBT-based stress management program [5].

Stress-induced myocardial ischemia often occurs at lower
levels of oxygen demand than exercise-induced ischemia,
and its incidence has no correlation with the angiographic
severity of coronary artery disease [30]; thus, it is very
difficult to predict. Furthermore, mental stress sometimes
causes vasospastic angina [4]. Both prevention of mental
stress and promotion of mental relaxation may be important
factors for cardiovascular morbidity and mortality. Lavender
aromatherapy may be one of the inexpensive but beneficial
complementary therapies for coronary circulation.

5. Limitation

There are several limitations in this study. First, we mea-
sured not coronary flow volume, but coronary flow velocity,
and coronary diameter changes were not assessed because of
the limitation of this method. However, it has been reported
that changes in coronary flow velocities during drug-induced
hyperemia closely reflect changes in coronary blood flow.
Moreover, there is a good agreement between CFVR, as
assessed from the flow velocity, and the results of positron
emission tomography. Next, we assessed CFVR after only
30 min of lavender aromatherapy; thus, the long-term effects
of lavender aromatherapy remain unknown. In addition, we
studied only young healthy men; therefore, further investiga-
tions are needed for lavender aromatherapy effects on
patients with ischemic heart disease. Despite these limita-
tions, our results suggest that lavender aromatherapy has
acute positive effects on coronary circulation.

6. Conclusion

This study has demonstrated for the first time that the
acute effects of lavender aromatherapy improve CFVR and
reduce serum cortisol in healthy men. Lavender aromather-
apy has mild relaxation effects and may have beneficial ef-
fects on coronary circulation.
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