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Abstract
Aim: This study examined the effectiveness of an 8-week lavender 
aromatherapy intervention on improving sleep quality and 
modulating autonomic nervous system (ANS) activity among nurses 
working rotating shifts.
Methods: A quasi-experimental study was conducted in a hospital 
in southern Taiwan. Ninety-five nurses were randomly assigned to 
a lavender aromatherapy group (n=48) or a control group (n=47). 
The intervention group applied lavender essential oil to pillowcases 
nightly, while controls maintained usual routines. Sleep quality was 
assessed using the Pittsburgh Sleep Quality Index (PSQI) at baseline, 
week 4, and week 8, and physiological indicators of ANS activity 
were monitored weekly.
Results: Lavender aromatherapy significantly improved subjective 
sleep quality compared to controls, as reflected by reduced PSQI 
scores over time. Physiological outcomes showed consistent 
improvements, including reductions in blood pressure and heart 
rate, alongside increased heart rate variability and parasympathetic 
activity, indicating enhanced autonomic balance.
Conclusion: Lavender aromatherapy effectively improved sleep 
quality and ANS regulation among shift-working nurses. By 
lowering blood pressure, heart rate, and sympathetic activity while 
enhancing parasympathetic tone, this simple, non-pharmacological 
intervention demonstrates potential for mitigating sleep disturbances 
and stress-related cardiovascular risks in healthcare professionals. 
Incorporating lavender aromatherapy into workplace wellness 
initiatives may support the health and resilience of nursing staff. 
Future studies should explore combined complementary therapies 
and evaluate long-term benefits.
Introduction
  In modern society, nurses play an indispensable role. They are 
responsible for patient care, the provision of medical services, and 
maintaining the operation of healthcare facilities. However, this work 
often comes with significant stress and heavy workloads, particularly 
in busy hospitals and emergency departments. Nurses frequently face 
high-pressure work environments, the need to respond to unexpected

situations at any time, and long shifts that include night duty and 
irregular working hours. These factors not only negatively impact 
their physical and mental health but may also disrupt their circadian 
rhythms, leading to sleep disturbances. Numerous studies have 
indicated that nurses generally experience poor sleep quality, which is 
primarily manifested by difficulties falling asleep, frequent nighttime 
awakenings, and insufficient total sleep duration [1, 2].
 Sleep is a crucial component of human physiological and 
psychological health. Adequate sleep not only restores physical 
energy but also helps regulate emotions and cognitive functions, 
thereby enhancing work efficiency and the capacity to care for 
patients [3]. However, due to work-related stress and irregular 
working hours, nurses often suffer from poor sleep quality. Research 
indicates that insufficient and low-quality sleep can increase nurses’ 
fatigue, which in turn affects their job performance and concentration, 
raising the risk of errors and accidents [4, 5]. Moreover, chronic sleep 
deprivation among shift-working nurses has been linked to long-
term health problems such as cardiovascular disease, depression, and 
anxiety [6].
   To address nurses’ sleep issues, numerous studies have explored 
various interventions, including Qigong [7], acupuncture [8], 
traditional Chinese medicine [9], and aromatherapy [1, 10]. Among 
these, aromatherapy is widely applied due to its safety and 
effectiveness in reducing stress, improving sleep, and enhancing 
mood. Aromatherapy is a natural therapy that uses the scent of plant 
extracts to promote physical and mental health and prevent disease 
[11]. Lavender essential oil is one of the most popular choices in 
aromatherapy, recognized for its calming, relaxing, and sleep-
promoting properties [10, 12]. Lavender contains several active 
compounds, notably linalool and limonene, which are believed 
to reduce anxiety, alleviate stress, and foster physical and mental 
relaxation, thereby improving sleep quality [13].
  Extensive research has demonstrated the positive impact of 
lavender aromatherapy on sleep. For example, a systematic review 
by Lee and Chen [14] found that lavender oil use increased total 
sleep time, shortened sleep onset latency, and significantly improved 
sleep efficiency. Similarly, Robinson and Nelson [15] reported that 
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participants experienced reduced insomnia symptoms and improved 
overall sleep quality following lavender oil use. Given the high stress 
and shift-based nature of nursing, Yang and Liu [16] conducted a 
study specifically on nurses, revealing that lavender aromatherapy 
significantly reduced stress levels and enhanced sleep quality among 
participants, underscoring its practical value in clinical settings.
 Beyond nursing populations, Miller and Davis [17] examined 
lavender aromatherapy among university students—another group 
prone to high stress and irregular sleep patterns—and found marked 
improvements in their sleep quality, suggesting similar potential 
benefits for nurses. Lavender’s effectiveness is not limited by age; 
Thompson and Green [18] observed improvements in sleep quality 
among older adults, indicating that lavender aromatherapy could 
be broadly applied across different patient and caregiver groups. 
Overall, aromatherapy, particularly with lavender essential oil, 
has been extensively studied and is considered an effective non-
pharmacological method for enhancing sleep quality. Its well-known 
calming and relaxing properties help mitigate anxiety and stress, 
facilitating better sleep.
   Heart rate variability (HRV) refers to the fluctuation in time intervals 
between heartbeats, serving as a sensitive indicator of autonomic 
nervous system (ANS) regulation over cardiovascular function. HRV 
has been widely employed to assess cardiovascular health, stress 
resilience, and overall physiological adaptability. Recent research 
underscores its relevance for evaluating sleep quality, with higher 
HRV often linked to better parasympathetic balance and restorative 
sleep, whereas reduced HRV is associated with sleep disturbances 
and elevated stress [14, 19]. Emerging evidence from recent studies 
further highlights the impact of lavender aromatherapy on autonomic 
modulation. For example, a pilot study involving healthy university 
students demonstrated that inhalation of lavender essential oil 
significantly lowered heart rate and blood pressure while increasing 
HRV, specifically enhancing parasympathetic activity and reducing 
stress [20]. Similarly, a randomized controlled trial conducted in 
a cardiac rehabilitation setting found that lavender aromatherapy 
improved HRV parameters and contributed to autonomic recovery 
by lowering both HR and BP [21].
 A recent systematic review on complementary therapies for 
healthcare workers identified lavender essential oil as particularly 
effective in improving sleep quality and reducing stress, largely 
through its influence on HRV and neurotransmitter modulation 
[22]. Another meta-analysis confirmed that lavender aromatherapy 
interventions—via inhalation or massage—enhanced high-frequency 
(HF) HRV components and reduced low-frequency (LF) components, 
suggesting an increase in parasympathetic dominance and a decrease 
in sympathetic arousal [23].
  Furthermore, specific reviews targeting nurses and other high-
stress healthcare professionals have consistently shown that lavender 
aromatherapy reduces anxiety, promotes relaxation, and improves 
sleep quality by modulating autonomic function [24]. This growing 
body of evidence positions lavender aromatherapy as a promising 
non-invasive intervention to enhance HRV, mitigate stress, and 
ultimately support overall health and well-being.
Methods
Study Design and Participants
   This study employed a quasi-experimental design with two groups 
and repeated measurements at pre-test and post-tests. Participants 
were recruited from a hospital in southern Taiwan. Inclusion criteria 
required nurses to be engaged in night shift rotations and to self-
report experiencing sleep disturbances. A total of 100 nurses were 
recruited based on an a priori power analysis using Soper’s (2015) 
sample size calculator for multiple regression, assuming a medium 
effect size (f² = 0.15), statistical power of 0.80, seven predictors, and 
a significance level of .05.

  Participants were stratified by unit specialty (critical care, internal 
medicine, surgical and obstetric/pediatric) to ensure similar 
characteristics across groups. Within each stratum, participants were 
randomly assigned to either the experimental group or the control 
group. During the study, two participants from the experimental group 
withdrew at week 5 due to personal reasons, while three participants 
from the control group withdrew due to pregnancy at weeks 3 and 4. 
The final sample included 48 participants in the experimental group 
and 47 in the control group, totaling 95 nurses who completed the 
study.
Intervention
   The intervention group received lavender aromatherapy. Prior 
to implementation, participants underwent a skin patch test to rule 
out allergic reactions by applying lavender oil to their collar area 
and monitoring for eight hours. Those without adverse reactions 
were instructed to apply 1–2 drops of lavender essential oil on their 
pillowcase nightly before bedtime to allow for olfactory inhalation. 
The control group continued with their usual bedtime routines 
without any intervention.
Data Collection
   Data were collected over an 8-week period. Both groups completed 
the Pittsburgh Sleep Quality Index (PSQI) at weeks 1, 4, and 8. 
Weekly measurements of physiological parameters were performed 
using the TS0411 HRV monitor (by Taiwan Scientific Instruments), 
which recorded heart rate (HR), systolic blood pressure (SBP), 
diastolic blood pressure (DBP), HRV, high-frequency (HF) and low-
frequency (LF) power, and the LF/HF ratio. During measurements, 
participants rested in a private consultation room with controlled 
lighting and temperature. Each session lasted approximately 5–10 
minutes, conducted by the same researcher to minimize inter-rater 
bias.
Instruments
Demographic and Background Information:
  Data collected included age, education level, years of nursing 
experience, engagement in professional training, use of sleeping aids 
in the past month, predominant shift schedules over the past month 
and six months, and lifestyle and sleep patterns on days off.
Subjective Sleep Quality:
   The Chinese version of the Pittsburgh Sleep Quality Index (PSQI), 
originally developed by Buysse et al. [25] and adapted by Tsai et al. 
[26], was used to assess perceived sleep quality over the past month. 
The scale demonstrated good reliability with test-retest coefficients 
of .85 and internal consistency (Cronbach’s α = .82–.83) in previous 
studies; the current study yielded a Cronbach’s α of .74. Total scores 
range from 0 to 21, with higher scores indicating poorer sleep quality. 
A global score >5 signifies poor sleep.
Objective Physiological Measurements
   Physiological data were collected using the TS0411 wrist-
worn HRV and BP monitor, which has ISO13485 and CE MARK 
certification. Parameters included HR (60–100 bpm), SBP (90–140 
mmHg), DBP (60–90 mmHg), HRV (25–100 ms), HF (30–55%), 
LF (45–70%), and LF/HF ratio (0.5–2.5). The device complies with 
the 1996 international HRV standards and demonstrated a minimal 
discrepancy (0.75–0.99 mm/sec) compared to standard ECG, 
ensuring accurate detection of autonomic function. Each session was 
preceded by calibration by the manufacturer.
Ethical Considerations
   This study was approved by the Institutional Review Board (IRB)
of the participating hospital. All participants were informed of the 
study’s objectives, procedures, potential risks, and benefits prior to 
enrollment. Written informed consent was obtained, and participants 
were assured that their participation was voluntary and that they
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could withdraw at any time without penalty. To minimize risk, 
participants underwent a skin patch test before the intervention to 
screen for allergic reactions to lavender essential oil. Confidentiality 
was maintained by anonymizing data, and all electronic files were 
stored on password-protected computers accessible only to the 
research team. The intervention used lavender aromatherapy, a low-
risk and non-invasive approach, aligning with ethical standards of 
beneficence and non-maleficence.
Data Analysis
  Data were analyzed using SPSS 25.0. Descriptive statistics 
summarized demographic variables. Pearson correlations, independent 
t-tests, and ANOVAs assessed relationships among demographics, 
subjective perceptions, and sleep quality. Homogeneity of variance 
tests were conducted to ensure comparability between groups. 
Repeated measures ANOVA evaluated changes in PSQI scores and 
physiological parameters over the three time points to determine the 
intervention’s effects.
Result
  Participants in both groups were exclusively female nurses. The

mean age was comparable between the experimental and control 
groups (29.8 vs. 29.1 years), with an average nursing tenure of 
approximately 5–6 years (5.8 vs. 6.4 years). The majority worked 
in critical care units (52.1% vs. 36.2%), held a university degree or 
higher (85.4% vs. 91.5%), were not engaged in advanced studies 
(95.8% vs. 93.6%), and had not used hypnotic medications in the 
past month (91.7% vs. 91.5%) (Table 1).
   Regarding work schedules, most participants had been on three-
shift rotations over the previous six months (64.6% vs. 72.3%) and 
continued to work rotating shifts at the time of the study (77.1% vs. 
74.5%). On days off, lifestyle patterns largely resembled daytime 
schedules (52.1% vs. 57.4%). Additionally, a high proportion of 
nurses in both groups perceived that rotating shifts negatively 
impacted their sleep (72.9% vs. 78.7%).
   Independent sample t-tests were performed to examine homogeneity 
between the groups on these baseline characteristics. Results revealed 
no statistically significant differences (p-values ranging from .062 
to .951), indicating that the experimental and control groups were 
homogeneous prior to the intervention.

Variable Category Lavender Group 
(n=48)

Control Group 
(n=47)

Smoking Status Non-smoker 47 (97.9%) 47 (100%)
Smoker 1 (2.1%) 0 (0%)

Use of Hypnotics (past 
month)

No 44 (91.7%) 43 (91.5%)
Yes 4 (8.3%) 4 (8.5%)

Continuing Education Yes 2 (4.2%) 3 (6.4%)
No 46 (95.8%) 44 (93.6%)

Educational Level Below college 7 (14.6%) 4 (8.5%)
College and above 41 (85.4%) 43 (91.5%)

Marital Status Single 33 (68.8%) 41 (87.2%)
Married 15 (31.2%) 6 (12.8%)

Parental Status No children 36 (75.0%) 42 (89.4%)
With children 12 (25.0%) 5 (10.6%)

Table 1. Baseline Characteristics of Participants by Group

   The repeated measures ANOVA revealed a significant interaction 
effect for time by group on subjective sleep quality, indicating that 
the lavender aromatherapy intervention effectively improved sleep 
quality over time compared to the control group (F(2,92) = 7.30, 
p = .001). There was a significant main effect for group (F(1,93) 
= 7.47, p = .000), but no significant main effect for time alone 

(F(2,92) = 0.07, p = .99). Post hoc comparisons showed that the 
lavender group’s mean PSQI scores decreased from 10.86±3.18 at 
baseline to 9.70±2.40 at week 4 and 9.66±2.56 at week 8, whereas 
the control group showed an increasing trend from 10.18±1.90 to 
11.42±2.34 and 11.44±2.23 respectively (see table 2 and figure 1).

Lavender group 
(n=48)

Control group
(n=47)

Mean SD Mean SD
Pre-test (Week 1) 10.86 3.18 10.18 1.90
Post-test (Week 4) 9.70 2.40 11.42 2.34
Post-test (Week 8) 9.66 2.56 11.44 2.23

Table 2 Mean Quality of Sleep scores for Lavender group and 
Control group

Figure 1: Mean Quality of Sleep scores for Lavender group and Control group
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   For physiological parameters (table 3), repeated measures ANOVA 
demonstrated significant time by group interactions across all 
indicators. Systolic blood pressure (SBP) significantly decreased in 
the lavender group from 123±8.9 mmHg to 102±3.5 mmHg over 8 
weeks (F = 19.03, p < .001), whereas the control group remained 
relatively stable. Diastolic blood pressure (DBP) also significantly 
reduced in the lavender group from 77±6.6 mmHg to 59±5.1 mmHg 
(F = 12.92, p < .001), while minimal change was observed in the 
control group.
   Heart rate (HR) decreased substantially in the lavender group from 
87±13.4 bpm at baseline to 68±7.6 bpm at week 8 (F = 10.26, p < 
.001). In contrast, the control group did not show such improvement. 
Heart rate variability (HRV) improved notably in the lavender group, 
rising from 52±9.3 to 70±5.6 ln ms (F = 21.06, p < .001), while 
remaining unchanged in the control group.

   Similarly, high-frequency power (HF), reflecting parasympathetic 
activity, increased significantly in the lavender group from 24.5±3.4 
ms² to 51.3±6.2 ms² (F = 42.89, p < .001), whereas low-frequency 
power (LF), associated with sympathetic activity, decreased from 
77.6±8.0 ms² to 39.6±4.2 ms² (F = 59.48, p < .001). The LF/HF ratio 
also declined markedly in the lavender group from 3.2±0.5 to 0.8±0.2 
(F = 50.80, p < .001), indicating a significant shift toward enhanced 
parasympathetic dominance.
   These findings suggest that lavender aromatherapy is effective in 
improving subjective sleep quality and autonomic nervous system 
balance, as evidenced by reduced blood pressure, heart rate, and 
LF/HF ratio, along with increased HRV and HF power over the 
intervention period.

Parameter 
(unit)

Group Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 p-
value

F

SBP
 (mmHg)

Lavender 123±8.9 119±7.6 116±7.3 112±6.6 109±6.1 107±5.1 104±4.5 102±3.5 .000 19.03
Control 120±12.5 120±11.1 119±10.5 117±11.4 117±9.9 120±9.5 116±11.3 120±8.4

DBP 
(mmHg)

Lavender 77±6.6 73±6.4 70±6.7 67±6.2 64±5.9 63±6.1 61±5.4 59±5.1 .000 12.92
Control 73±8.3 65±9.0 65±10.4 66±11.1 67±10.5 66±7.5 68±10.7 67±6.5

HR 
(beats/
min)

Lavender 87±13.4 84±12.0 81±11.1 77±10.4 74±9.5 73±8.8 71±8.3 68±7.6 .000 10.26
Control 81±13.3 75±11.3 69±10.2 70±11.1 67±9.2 69±9.3 68±11.6 70±8.4

HRV
 (ln ms)

Lavender 52±9.3 56±8.9 59±8.4 63±8.0 66±6.8 67±6.3 68±6.3 70±5.6 .000 21.06
Control 61±11.5 61±11.8 63±11.8 64±11.8 64±11.8 64±11.3 65±11.6 64±11.2

HF (ms²) Lavender 24.5±3.4 28.2±3.7 33.6±4.1 38.8±4.8 44.0±5.6 46.2±5.7 48.8±6.2 51.3±6.2 .000 42.89
Control 24.2±2.8 25.2±2.7 30.1±4.2 31.9±6.0 33.9±6.7 32.7±6.3 27.0±4.3 29.9±4.8

LF (ms²) Lavender 77.6±8.0 70.8±8.5 66.3±8.6 57.5±7.1 50.9±5.8 46.7±4.8 41.8±4.7 39.6±4.2 .000 59.48
Control 77.6±6.9 79.2±7.2 76.9±11.0 76.3±9.3 79.2±13.2 78.9±9.2 84.6±10.8 79.9±9.0

LF/HF 
ratio

Lavender 3.2±0.5 2.6±0.5 2.0±0.5 1.5±0.3 1.2±0.2 1.0±0.2 0.9±0.2 0.8±0.2 .000 50.80
Control 3.2±0.4 3.2±0.4 2.6±0.5 2.5±0.5 2.4±0.7 2.5±0.5 3.2±0.6 2.7±0.5

Table 3. Comparison of Physiological Parameters between Lavender and Control Groups over 8 Weeks

Figure 2 physical parameter changes over 8 weeks
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Discussion
 This study provides strong evidence that lavender aromatherapy 
significantly improves subjective sleep quality and autonomic 
nervous system (ANS) regulation among nurses working rotating 
shifts. The repeated measures ANOVA indicated a meaningful 
interaction effect of time by group on PSQI scores, demonstrating 
that the lavender group experienced a steady reduction in sleep 
disturbance over the 8-week intervention, whereas the control group 
showed a deterioration. These findings align with prior studies that 
highlighted lavender aromatherapy’s benefits in enhancing sleep 
quality and reducing stress in nursing populations [14, 16].
 Moreover, physiological data showed parallel improvements. 
Participants in the lavender group exhibited marked reductions in 
systolic and diastolic blood pressure, heart rate, and LF/HF ratio, 
alongside significant increases in HRV and HF power. These shifts 
suggest enhanced parasympathetic activity and reduced sympathetic 
dominance. Such autonomic adjustments are critical, given that 
lower HRV and elevated LF/HF ratios have been linked to chronic 
stress, impaired cardiovascular resilience, and poor sleep [19, 23].
   Mechanistically, the effects observed in this study can be attributed 
to lavender’s primary bioactive compounds—particularly linalool 
and linalyl acetate—which have been shown to induce vascular 
smooth muscle relaxation by stimulating nitric oxide-cGMP 
pathways and enhancing myosin light chain phosphatase activity 
[20, 21]. Simultaneously, inhalation of lavender activates olfactory 
pathways linked to the limbic system, modulating emotional 
responses and autonomic output, thus reducing stress-induced 
sympathetic activation [27, 28].
 Interestingly, the control group demonstrated a worsening of 
sleep quality over the 8 weeks, rather than maintaining a stable 
trajectory. While this unexpected finding cannot be fully explained, 
several possibilities may be considered. Nurses in the control group 
continued working rotating shifts under high occupational stress, and 
cumulative fatigue or unaddressed stressors may have progressively 
exacerbated their sleep disturbances. Seasonal or environmental 
factors during the study period might also have contributed to sleep 
disruption. Nevertheless, the exact reason remains unclear, and this 
warrants further investigation in future studies.
   While lavender aromatherapy delivered sustained improvements 
across several indicators, the absence of a significant main effect 
for time suggests these benefits were specifically due to the 
intervention rather than spontaneous adaptation or time-related 
recovery. However, consistent with recent pilot data, the results also 
imply that these autonomic benefits may plateau over extended use 
[29], highlighting the potential need for multimodal approaches—
such as combining aromatherapy with breathing exercises or music 
therapy—to maintain long-term efficacy [22].
Limitations
  Several limitations should be considered when interpreting the 
findings of this study. First, the sample consisted exclusively of female 
nurses from a single hospital in southern Taiwan, which may limit the 
generalizability of results to other populations, including male nurses 
or healthcare workers in different cultural or institutional settings. 
Second, the sample size was modest (n=95), with approximately 47 
participants per group, which may have reduced statistical power and 
increased susceptibility to sampling error. Third, the intervention 
period was relatively short (8 weeks), limiting conclusions about the 
long-term sustainability of lavender aromatherapy’s effects. Fourth, 
the study relied partly on self-reported sleep quality using the PSQI, 
which may be subject to recall bias or subjective interpretation. 
Fifth, although participants were randomly allocated within strata, 
the quasi-experimental design may not fully eliminate potential 
confounding variables such as personal stress, diet, or environmental 
sleep conditions. Finally, participants were aware of their group 

allocation, which could have introduced expectancy or placebo 
effects.
  Future research should incorporate blinding procedures, larger and 
more diverse samples, longer follow-up periods, and objective sleep 
measures (e.g., actigraphy or polysomnography) to confirm and 
extend these findings.
Conclusion
 This study underscores lavender aromatherapy’s potential as a 
simple, non-pharmacological intervention to enhance sleep quality 
and restore autonomic balance in nurses subjected to rotating shifts 
and high occupational stress. Lavender inhalation significantly 
lowered blood pressure, heart rate, and LF/HF ratios while increasing 
HRV and HF power, demonstrating a shift toward parasympathetic 
dominance and improved physiological resilience.
  Given its accessibility, safety profile, and demonstrated effectiveness, 
lavender aromatherapy could be incorporated into employee wellness 
programs to mitigate the adverse health impacts of shift work. Future 
research should investigate optimal dosing regimens, explore the 
integration with complementary interventions, and assess long-term 
cardiovascular and psychological outcomes in broader healthcare 
populations.
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