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Aromatherapy alleviates endothelial dysfunction of
medical staff after night-shift work: preliminary
observations

Kenei Shimada1, Shota Fukuda1, Kumiko Maeda1, Toshihiro Kawasaki1, Yasushi Kono1, Satoshi Jissho1,
Haruyuki Taguchi1, Minoru Yoshiyama2 and Junichi Yoshikawa1

Night-shift work causes mental stress and lifestyle changes, and is recognized as a risk of cardiovascular diseases associated

with impaired endothelial function. Aromatherapy is becoming popular as a complementary therapy that is beneficial for mental

relaxation. The purpose of this study was to investigate the effect of aromatherapy on the endothelial function of medical staff

after night-shift work. This study consisted of 19 healthy medical personnel (19 men, mean age 32±7 years), including

11 physicians and 8 technicians. Aromatherapy was performed for 30min by inhalation of the essential oil of lavender.

Flow-mediated dilation (FMD) of the brachial artery was measured three times in each subject: on a regular workday, and after

night-shift work before and immediately after aromatherapy. A control study was performed to assess the effect of a 30-min

rest without aromatherapy. The mean value of sleep time during night-shift work was 3.3±1.3 h. FMD after night-shift work

was lower than on a regular workday (10.4±1.8 vs. 12.5±1.7%, Po0.001), which improved after aromatherapy

(11.8±2.5%, P¼0.02 vs. before aromatherapy). FMD was stable in the control study (10.1±1.9 vs. 10.1±2.2%, P¼0.9).

This study demonstrated that night-shift work impaired endothelial function in medical staff, an effect that was alleviated by

short-term aromatherapy.
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INTRODUCTION

An important aspect of the work environment of medical staff is that
they are required to work rotating night shifts. Night-shift work
disrupts the normal biological and/or social diurnal rhythms, which
are factors in cardiovascular disease,1,2 as well as in a widening variety
of other chronic diseases, including glucose intolerance,3,4 hyperten-
sion5,6 and depression.7,8 Endothelium function, which is strongly
associated with the onset and development of cardiovascular disease
and its risk factors,9–11 has been shown to be impaired after night-shift
work.12 There is a need for therapeutic options to alleviate the negative
impact of working night shifts on the health of medical personnel.

Aromatherapy is increasingly recognized as a complementary
therapy, leading to the promotion of comfort and relaxation, relief
of pain, and the management of stress.13–15 The main action of
aromatherapy is relaxation, under the control of parasympathetic
nerves, as well as sedative and anticonvulsive actions on the nervous
system. With regard to the association between psychological factors
and pathophysiological systems,16 previous studies have suggested the
beneficial effect of aromatherapy on antioxidative systems,17,18 as well
as endothelial function.19 The purpose of this study was, therefore, to

investigate the impact of 30-min aromatherapy on the endothelial
function of medical staff after night-shift work.

METHODS

Study population
This study was approved by the Institutional Review Board of the Osaka

Ekisaikai Hospital. Written informed consent for participation was obtained

for all subjects. This study consisted of 19 healthy medical staff (19 men, mean

age 32±7 years), including 11 physicians and 8 technicians. All subjects had

no history of cardiovascular disease or symptoms and had normal results

on their echocardiographic examinations. Endothelial function was examined

at approximately 0900 hours in each subject at the following time points: (1) on

a regular day without previous night-shift work (baseline), and (2) before and

(3) after a 30-min rest with aromatherapy after working a night shift.

Aromatherapy—inhalation of lavender essential oil (four oil drops diluted

with 20 ml hot water)—was performed for 30 min. The control study was

performed to assess the effect of the 30-min rest without aromatherapy.

Brachial artery flow-mediated dilation (FMD)
Endothelial function was evaluated by measuring FMD of the brachial artery

according to the guidelines of the International Brachial Artery Reactivity Task
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Force.20 Ultrasound examination was performed with a Vivid 7 (GE Medical

System, Milwaukee, WI, USA) equipped with a 7–12-MHz linear-array scanner.

The subjects remained supine for 30 min with the arm in a comfortable

position before imaging of the brachial artery. Breakfast was not permitted

before the examination. A longitudinal image of the right brachial artery

proximal to the antecubital fossa was obtained. Gain and compression controls,

as well as the time-gain compensation settings, were optimized for image

quality. FMD was determined as the maximum increase in the diameter of the

brachial artery during reactive hyperemia created by an inflated cuff

(200 mm Hg for 5 min) on the upper arm, proximal to the measurement site.

Arterial diameter was measured in millimeters from the leading edge of the

intima interface of the near wall to the leading edge of the intima interface of

the far wall. The image was recorded continuously from 30 s before to 2 min

after cuff deflation. FMD was calculated as the ratio of brachial artery diameter

after reactive hyperemia to the baseline diameter and was expressed as a

percentage change.

After a 15-min rest period, nitroglycerin-mediated vasodilation (a marker of

endothelium-independent vasodilation) was measured 5 min after administra-

tion of sublingual nitroglycerin (0.4 mg). This parameter was calculated in an

analogous manner to FMD measurement.

Statistical analysis
Values are expressed as mean±s.d. Comparisons between 30 min of rest with

and without aromatherapy were made with a paired t-test. Repeated-measures

analysis of variance was used to compare three time points (control, and before

and after the 30-min rest) in the studies with and without aromatherapy. When

differences were found, any two points were compared using a paired t-test

with the Bonferroni correction. Linear regression was used for correlation of

variables of interest. Differences were considered statistically significant, with

Po0.05.

We examined the inter- and intra-observer variation of the FMD measure-

ment. Two expert sonographers who had 45 years of experience in echocar-

diography (with approximately 50 FMD examinations) performed the FMD

examinations. Inter- and intra-observer variation in measurement of FMD was

determined by analysis of 10 random images by two independent blinded

observers, and by the same observer at two different time points. The results

were analyzed by both least-squares-fit linear regression analysis and the Bland–

Altman method.

RESULTS

Baseline measurement of endothelial function, in relationship with
clinical characteristics, is shown in Tables 1 and 2. The average
duration of night-shift work was 7.9±6.3 years, ranging from 0.5 to
21.5 years, and the mean number of night shifts per month was
5.1±2.5 times the level observed at the start of the study. The mean
values of sleeping time during night shifts at the examinations with
and without aromatherapy were 3.3±1.3 and 3.2±0.9 h, respectively
(P¼0.7). The mean values of total cholesterol and triglyceride were
168.0±25.4 and 105.6±63.3 mg dl�1, respectively.

The results of FMD measurements with and without aromatherapy
are summarized in Figure 1. Repeated-measures analysis of variance
showed significant differences in FMD at three time points (all
Po0.001). With aromatherapy, FMD after night-shift work was
lower than that on a regular workday (10.4±1.8 vs. 12.5±1.7%,
Po0.001); this parameter improved after 30 min of rest with aro-
matherapy (11.8±2.5%, P¼0.02 vs. before aromatherapy). On the
other hand, 30 min of rest without aromatherapy did not increase
FMD (10.1±1.9 vs. 10.1±2.2%, P¼0.9).

When the values of FMD were compared between with and without
aromatherapy conditions, similar values were obtained after night-
shift work before the 30-min rest (P¼0.5). In contrast, FMD after the
30-min rest with aromatherapy was significantly greater than among
those subjects who did not undergo aromatherapy (P¼0.02).

Nitroglycerin-induced vasodilation showed no significant differ-
ences among the three time points with (P¼0.8) and without (P¼0.1)
aromatherapy: baseline (12.3±2.9%), before and after the 30-min rest
with aromatherapy (14.9±4.3 vs. 13.0±3.4%), and before and after
the 30-min rest without aromatherapy (12.0±1.9 vs. 10.7±2.1%).
The results of the hemodynamics and laboratory data with and
without aromatherapy are summarized in Tables 1 and 2, respectively.
There were no differences in any parameters at the three different time
points, examined in both examinations, except for epinephrine in the
examinations with aromatherapy. The value of epinephrine after the
30-min rest with aromatherapy was significantly lower than the values
observed at baseline and pre-aromatherapy (both Po0.05, Table 1).
In contrast, there were no significant changes in epinephrine at any of
the three time points in the examinations without aromatherapy
(P¼0.3, Table 2).

An excellent correlation was observed between inter- and intra-
observer (r¼0.98 and 0.98, respectively) FMD measurement variation.
According to the Bland–Altman method, inter- and intra-observer
variation in FMD measurements was 0.16 and 0.13%, respectively.

DISCUSSION

This study demonstrated that endothelial function was reduced
in medical staff after night-shift work. This transient endothelial
dysfunction was alleviated by short-term lavender aromatherapy.

A healthy endothelium releases nitric oxide and maintains vascular
tone in the prevention of the initiation and development of athero-
sclerotic complications. However, night-shift work causes sleep depri-
vation and inevitable mental stress, resulting in a disturbance in
the normal biological and/or social diurnal rhythms. Notably, Amir
et al.12 reported that FMD, as a marker of endothelial function, was
reduced after night-shift work. Furthermore, an epidemiological study
reported an increased risk of cardiovascular disease in shift workers.1

Table 1 Hemodynamics and laboratory data at baseline, before and after the 30-min rest with aromatherapy

30-min rest

Baseline Before After P-value

Heart rate, beats min�1 58.8±5.2 60.2±8.7 55.6±8.5 0.2

Systolic blood pressure, mmHg 119.6±12.0 122.7±10.9 118.3±7.8 0.4

Diastolic blood pressure, mmHg 71.0±8.4 75.2±7.7 71.1±6.0 0.2

Glucose, mg dl�1 98.3±8.4 95.7±6.2 97.6±5.1 0.5

Epinephrine, ng ml�1 0.015±0.015 0.022±0.020 0.003±0.010* o0.001

Norepinephrine, ng ml�1 0.27±0.08 0.25±0.07 0.25±0.07 0.7

The last column shows overall P-values from the repeated-measures analysis of variance.
*Po0.05 vs. baseline and pre-aromatherapy.
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Kawachi et al.2 also found that 6 or more years of shift work was
associated with the risk of cardiovascular disease in female nurses.
Several risk factors were exacerbated by night-shift work.3–8 However,
elimination of night-shift work is unlikely to be possible for most
medical staff, although reduction in the frequency and duration of
shifts is recommended.1,21

Aromatherapy is a relatively inexpensive way to reduce anxiety that
does not involve side effects. Based on the association between
psychological factors and pathophysiological systems,16 the benefits
of aromatherapy on physical systems have been investigated.17–19

Atsumi et al.17,18 demonstrated increases in free radical scavenging
activity and decreases in cortisol levels with the use of aromatherapy.
Shiina et al.19 measured coronary flow reserve and suggested that
short-term aromatherapy improved coronary endothelial function. In
the present study, endothelial function was reduced after night-shift
work; this effect was alleviated by short-term lavender aromatherapy.
A similar transient endothelial dysfunction was observed in associa-
tion with several factors such as hyperglycemia,22 hypertriglyceride-
mia,23 mental stress24 and smoking.25 Such transient but frequent
endothelial dysfunction potentially promotes the pathogenesis of
early-stage atherosclerosis and the development of cardiovascular
disease. Therefore, considering the pleasant, inexpensive and non-
invasive nature of aromatherapy, it represents an attractive strategy for
the alleviation of endothelial dysfunction in medical staff after work-
ing night shifts.

Study limitations
There were several limitations in this study. First, the study population
was relatively small (n¼19). In fact, there were no significant relation-
ships between baseline-FMD value and age (P¼0.1), duration (P¼0.2)
or monthly number (P¼0.8) of night shifts. Thus, the impact of the
intensity/accumulation of night shifts on the results of this study was
unclear. Moreover, only male medical personnel were included in this
study because menstrual cycle in women might have influenced the
results of FMD measurements.26,27 Further investigation was necessary
to clarify whether similar results were observed in women. In addition,
this study was focused on the short-term effect of aromatherapy on
endothelial dysfunction after night-shift work. Further study with a
much larger population during long-term follow-up should be done
to confirm the results of this study.

Ideally, the sonographer who performed the FMD examinations
should be blinded to other patients’ information. However, the smell
of lavender oil was difficult to mask, and an odorless compound was
easily recognized as a placebo by subjects and the FMD sonographer.
In addition, we used lavender aromatherapy because lavender is one of
the common essential oils used for aromatherapy. It is possible that
other oils could be more effective at improving endothelial function.

Finally, the decrease in blood pressure after the 30-min rest with
aromatherapy might have affected the results of this study. However,
this decrease did not reach statistical significance (122.7±10.9 to
118.3±7.8 mm Hg, P¼0.4) (Table 1). Moreover, a similar change was
observed in the group with the 30-min rest without aromatherapy,
from 123±11.3 to 117.9±9.4 mm Hg (Table 2), although the values
of FMD were stable after the 30-min rest without aromatherapy.
Therefore, the improvement in endothelial function after aromather-
apy might be independent of the hemodynamic changes. Further
investigation should be performed to clarify this point.

Conclusions
This study demonstrated that night-shift work impaired endothelial
function in medical staff, an effect that was alleviated by short-term
aromatherapy.
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