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Background: Diabetic foot ulcer (DFU) is a significant global health concern due 
to its substantial burden on individuals and healthcare systems. In addition to 
its physical impact, DFU has emotional effects on patients. This study analyzed 
the effects of inhaling clary sage (CS; Salvia sclarea L.) or linalyl acetate (LA) on 
depression and psychological factors in patients with DFU.

Methods: This study, performed at the Diabetic Wound Center, enrolled DFU 
patients, categorized as having mild or moderate to severe depression based 
on visual analog scale (VAS) for depression scores. Patients were randomized 
to inhalation of 5% CS oil, 5% LA or almond oil (control) by natural breathing. 
Blood pressure, heart rate, Depression-VAS, Anxiety-VAS, and Stress-VAS were 
measured before and after inhalation.

Results: This study enrolled 72 patients with DFU, including 43 with mild and 29 
with moderate to severe depression. Of the 43 patients with mild depression, 14, 
14, and 15 were randomized to inhalation of CS, LA, and almond oil, respectively. 
Of the 29 patients with moderate to severe depression, 9, 11, and 9 were 
randomized to inhalation of CS, LA, and almond oil, respectively. Compared 
with inhalation of almond oil, inhalation of CS oil significantly reduced stress 
(p < 0.05) and (p < 0.01) in patients with mild depression, whereas inhalation of 
LA significantly reduced anxiety-VAS (p < 0.05) and depression-VAS (p < 0.05) in 
patients with moderate to severe depression.

Conclusion: Inhalation of CS oil may have the potential to alleviate stress and 
anxiety in DFU patients with mild depression, whereas inhalation of LA may have 
the potential to alleviate anxiety and depression in DFU patients with moderate 
to severe depression. These findings suggest that adjunct therapy in DFU 
patients should be individualized according to the degree of depression.

Clinical trial registration: http://cris.nih.go.kr/, identifier KCT0009722.
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1 Introduction

Diabetic foot ulcers (DFUs) are caused by poorly managed 
diabetes and have been associated with higher rates of foot 
amputation and mortality (1). DFUs can lead to deep tissue 
infections and various neurological abnormalities, with 
approximately 20% of affected patients requiring amputation (2). 
Quality of life was found to be significantly lower in patients with 
than without DFUs (3). Factors that reduce quality of life in DFU 
patients include prolonged treatment duration, difficulties in 
recovery, the need for strict glucose control, and resulting pain 
and mobility issues, all of which can negatively affect psychological 
well-being. Approximately 47% of patients with DFUs have been 
reported to exhibit symptoms of depression (4). Because anxiety 
and depression can worsen the condition of the ulcers, 
psychological support is also crucial for DFU patients (5). The 
2023 guidelines published by the International Working Group on 
the Diabetic Foot (IWGDF) highlight the lack of research on 
psychological interventions for patients with DFUs (6), 
emphasizing the need for further research on both physiological 
and psychological treatments.

The use of complementary therapies involving essential oils 
has recently increased due to their effects and ease of access (7, 
8). One of these essential oils, clary sage oil, has shown 
antidepressant and stress-relieving properties in several animal 
studies and clinical trials. For example, administration of 5% 
clary sage oil to rats via intraperitoneal injection or inhalation 
was found to affect dopaminergic pathways, demonstrating 
antidepressant and stress-relieving effects (9). Clary sage oil was 
also found to improve impaired endothelial function due to stress 
in rats by lowering blood corticosterone levels, indicating its 
potential for the prevention and treatment of cardiovascular 
diseases (10). Inhalation of clary sage oil was also reported to 
reduce pain and stress in patients with periodontal disease (11) 
and to reduce stress in women undergoing urodynamic 
testing (12).

The effects of clary sage oil are thought to be due to linalyl 
acetate, which constitutes the major component of clary sage (CS; 
Salvia sclarea L.) oil (12). Linalyl acetate has been reported to 
reduce systolic blood pressure and reactive oxygen species (ROS) 
production in a rat model of hypertension-related ischemic 
injury (13). In addition, linalyl acetate has been shown to exert 
drug-like effects by altering the expression of depression-related 
proteins (14), and to significantly reduce blood corticosterone 
levels in a rat model of type 2 diabetes induced by chronic stress 
and a high-fat diet, thereby alleviating stress (15). The ability of 
clary sage oil and linalyl acetate to affect psychological factors 
such as anxiety and depression, which have been reported to 
influence blood pressure and stress hormones, suggests that both 
clary sage oil and linalyl acetate may reduce the psychological 
burden and stress associated with managing chronic conditions 
such as DFU.

The present study therefore investigated the effects of clary sage 
oil and linalyl acetate on patients with type 2 diabetes and 
DFU. Because neuropsychological functions may be  impaired in 
patients with severe depression, patients were categorized as having 
mild or moderate to severe depression and the effects of clary sage oil 
and linalyl acetate were analyzed in each group (16).

2 Methods

2.1 Study design and participants

This single-blind, randomized controlled trial was conducted 
from June 2023 to January 2024 with patients receiving care at a 
hospital in Korea. Patients were included if they (a) were aged 
≥19 years, diagnosed with type 2 diabetes and receiving treatment 
for diabetic foot ulcers; (b) had not been diagnosed with olfactory 
disorders (sensorineural or conductive); (c) had orientation and 
communication abilities; (d) did not have allergic reactions to the 
essential oils included in this study; and (e) were not receiving 
medication for psychiatric disorders or hormone or essential oil 
therapy. Patients were excluded if they (a) were pregnant or 
breastfeeding; (b) were suspected of having systemic infections; (c) 
had mental disorders, drug or alcohol addiction, or were unable to 
understand the purpose and methods of this clinical trial; or (d) 
were deemed unsuitable for participation in the study by 
the researcher.

The minimum sample size for this study required to compare 
differences among the three groups was calculated by G*Power 
software (version 3.1) based on a previous study (17), with the 
significance level set at 0.05 and statistical power (1-β) at 0.8. This 
calculation estimated a minimum sample size of 22 participants 
per group, for a total of 66 participants. Based on an anticipated 
dropout rate of approximately 10%, 25 participants were assigned 
to each group. Ultimately, 3 participants were excluded due to the 
inability to accurately measure the dependent variables, resulting 
in a final sample of 72 participants (Figure 1). The study protocol 
was approved by the institutional review board of Korea University 
Guro Hospital (2023GR0197), and the study was retrospectively 
registered on the Clinical Research Information Service 
(Registration number, KCT0009722; initial registration 23 
August 2024).

2.2 Gas chromatography–mass 
spectrometry profiling of clary sage oil

Clary sage oil was purchased from Aromarant Co. (Röttingen, 
Germany), and its composition was analyzed by gas 
chromatography–mass spectrometry (GC–MS). GC–MS analysis 
was developed in DB-WAXETR type capillary column 
(60 m × 0.25 mm i.d., 0.25 μm film thickness) provided by 
Agilent Technologies. The carrier gas was helium, maintained at 
the flow rate of 1.0 mL/min. The initial column temperature was 
40°C, increasing 5°C/min to a maximum of 250°C. Phytochemical 
compounds were identified by their retention time, and were 
confirmed using reference samples.

2.3 Randomization and intervention

Before the start of this study, a pilot test was performed on five 
healthy adults to determine the optimal concentrations of clary sage 
oil and linalyl acetate in almond oil that would maintain the fragrance 
throughout the intervention period without causing discomfort. 
Based on previous studies, concentrations of 1, 5, and 10% were tested. 
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Considering feedback indicating that the fragrance was not 
overwhelming, remained perceptible throughout the intervention, 
and caused no adverse effects, the concentration of essential oil for the 
intervention was set at 5%.

Participants who met the inclusion criteria were provided 
with a detailed explanation of the study’s purpose and procedures, 
after which written informed consent was obtained. An internal 
researcher was responsible for participant recruitment, screening 
and intervention, whereas external researchers prepared the oils 
and analyzed the data. Participants were randomized to three 
groups using a simple randomization sequence generated by 
Random Allocation Software (version 2.0). The sequence was 
generated by an external researcher and was concealed from the 
internal researcher. One group of subjects was treated with 5% 
clary sage oil diluted in almond oil; a second group was treated 
with 5% linalyl acetate diluted in almond oil; and the third 
(control group) was treated with almond oil. The three 
preparations were sealed in identical tubes, each labeled with a 
small number. The samples were prepared by an external 
researcher, who provided them to the internal research team.

Individuals who consented to participate in the study were asked 
to complete a questionnaire assessing their levels of pain, depression, 
anxiety, and stress. Blood pressure and heart rate were subsequently 
measured while participants were in the supine position. A 0.1 mL 
aliquot of essential oil was applied to a 1 cm x 2 cm gauze, which was 
affixed to the philtrum using skin tape. Participants were instructed 
to inhale naturally for 30 min, after which their blood pressure and 
heart rate were measured in the supine position. Participants 

subsequently completed a second questionnaire assessing their levels 
of pain, depression, anxiety, and stress.

2.4 Data collection

General characteristics such as gender, age, and medical history 
were collected. Depression, anxiety, and stress levels were assessed 
using visual analog scales (VAS). Each scale consisted of a 10 cm 
horizontal line, with 0 at the left end (indicating no depression, anxiety 
or stress) and 10 at the right end (indicating severe depression, anxiety 
or stress). Participants marked the point that best represented their 
perceived levels of depression, anxiety, and stress. Blood pressure and 
heart rate were measured after a 5-min rest period using an electronic 
sphygmomanometer (CF155f, Rossmax, Taiwan) on the right brachial 
artery (or the left brachial artery for patients with an arteriovenous 
fistula), with each measured once before and once after the 
aromatherapy intervention.

2.5 Statistical analysis

Descriptive statistics were presented as mean ± standard deviation 
(SD) or as number (percentage). Categorical variables were analyzed 
using chi-square tests, and continuous variables were analyzed using 
Shapiro–Wilk tests. Normally distributed data in the three groups 
were analyzed by one-way analysis of variance (ANOVA), and 
non-normally distributed data were analyzed by Kruskal-Wallis tests. 

FIGURE 1

Recruitment and randomization. CS, clary sage; LA, linalyl acetate.
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Differences before and after inhalation within each group were 
analyzed using paired t-tests or Wilcoxon signed-rank tests, depending 
on data normality. All statistical analyses were performed using SPSS 
version 27.0 statistical software (IBM Inc., Armonk, NY, USA), with 
p-values <0.05 considered statistically significant.

3 Results

3.1 Chemical composition of clary sage oil

The total ion chromatogram of clary sage oil reveals the presence 
of these compounds, as shown in Figure 2. Two major compounds of 
clary sage oil were linalyl acetate (71.2%) and linalool (16.2%), 
followed by geranyl acetate (3.43%), α-terpineol (2.95%), neryl acetate 
(1.68%) and trans-geraniol (1.68%).

3.2 Baseline characteristics

The 72 participants included 49 (68.1%) male and 23 (31.9%) 
female, with a mean age of 67.99 ± 9.42 years and a mean body 
mass index (BMI) of 23.08 ± 2.90 kg/m2. Of the 72 participants, 
54 (75%) had been diagnosed with hypertension and 40 (55.6%) 
with chronic kidney disease. Gender distribution, age, obesity, 
and the presence of hypertension did not differ significantly 
among the three groups (Table 1). The percentage of subjects 
with chronic kidney disease was significantly higher in the 
control group (18/24; 75.0%) than in the clary sage (CS) oil (9/23; 
39.1%) and linalyl acetate (LA) (13/25; 52%) groups (p = 0.043). 
In contrast, levels of depression, anxiety, stress (as measured by 

VAS), as well as systolic blood pressure and heart rate, did not 
differ significantly in the three groups.

3.3 Effects of clary sage oil and linalyl 
acetate inhalation

Comparisons of the three groups after inhalation showed a 
significant difference in mean arterial pressure between the LA and 
control groups (p < 0.05, Table 2). Post-hoc analysis using the Mann–
Whitney U test confirmed a significant difference between these two 
groups (p < 0.05).

Comparisons before and after intervention showed significant 
reductions in anxiety (p < 0.05) and heart rate (p < 0.05) in the CS 
group and significant reductions in depression (p < 0.05) and anxiety 
(p  < 0.05) in the LA group. In contrast, there were no significant 
differences from before to after intervention in the control group.

3.4 Baseline characteristics of participants 
as a function of patient-reported 
depression severity

Based on the patient-reported depression VAS scores, scores 
below 5 were classified as mild depression, while scores of 5 or higher 
were classified as moderate to severe depression. Of the 72 patients, 
43 (59.7%) had mild depression and 29 (40.3%) had moderate to 
severe depression, with mean (SD) depression-VAS scores of 
2.03 ± 1.44 and 6.59 ± 1.48, respectively (p < 0.001). There were no 
significant differences between these two subgroups in age, BMI, 
presence of chronic kidney disease, presence of hypertension, systolic 

FIGURE 2

Total ion chromatogram of clary sage oil derived from gas chromatography–mass spectrometry data.
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blood pressure, mean arterial pressure and heart rate. However, 
anxiety-VAS scores (p < 0.001) and stress-VAS scores (p < 0.001) were 
significantly higher in patients with moderate to severe depression 
than in patients with mild depression (Table 3).

3.5 Effects of clary sage oil and linalyl 
acetate inhalation as a function of 
patient-reported depression severity

The effects of clary sage oil and linalyl acetate inhalation on 
anxiety and stress were separately analyzed in subjects with mild and 
moderate to severe depression. Inhalation of clary sage oil significantly 
reduced heart rate (p < 0.01) in patients with mild depression, whereas 
inhalation of linalyl acetate significantly reduced diastolic blood 
pressure (p < 0.05) and mean arterial pressure (p < 0.05) in patients 
with moderate to severe depression (Figure 3); the reduction of mean 
arterial pressure in this group was also significantly greater than in the 
control group (p  < 0.05). Although inhalation of clary sage oil 
significantly reduced diastolic blood pressure (p < 0.05) in patients 
with moderate to severe depression (Figure 4), diastolic blood pressure 
did not differ significantly among the three subgroups. Relative to 
baseline, inhalation of clary sage oil significantly reduced anxiety-VAS 
(p < 0.01) and stress-VAS (p < 0.05) in patients with mild depression, 
with the reduction in anxiety-VAS being significantly greater in the 
clary sage oil than in the control group (p < 0.05, Table 4). In contrast, 
inhalation of linalyl acetate significantly reduced anxiety-VAS 
(p  < 0.05) and depression-VAS (p  < 0.05) relative to baseline in 
patients with moderate to severe depression. Psychological status, 

however, did not differ significantly among the three subgroups of 
patients with mild and moderate to severe depression (Table 4).

4 Discussion

This study explored the effects of clary sage oil and its main 
component, linalyl acetate, on depression, anxiety, blood pressure, and 
heart rate in patients with DFU who had been diagnosed with type 2 
diabetes. Inhalation of clary sage oil was found to reduce self-reported 
depression level and heart rate in these patients, whereas linalyl acetate 
was found to reduce self-reported depression and anxiety levels, as 
well as blood pressure, in type 2 diabetes patients with DFU. When 
patients were subgrouped by levels of depression, clary sage oil was 
found effective in reducing anxiety and stress in patients with mild 
depression, whereas linalyl acetate was more effective in alleviating 
anxiety in patients with moderate to severe depression.

The mean arterial pressure was found to be significantly lower in 
subjects who inhaled 5% linalyl acetate than in those who inhaled 5% 
clary sage oil or almond oil alone. In contrast, although inhalation of 
clary sage oil tended to reduce mean arterial pressure, the reduction 
did not differ significantly compared with the other groups. Similarly, 
a previous study found no statistically significant differences between 
inhalation of clary sage oil and control subjects, although blood 
pressure tended to be lower (18). Clary sage oil has been found to 
alleviate anxiety and reduce stress (19, 20), responses likely mediated 
through the regulation of the autonomic nervous system (21). The 
significant effect observed in participants who inhaled linalyl acetate 
suggests that clary sage oil’s effects may largely be attributed to linalyl 

TABLE 1 Baseline characteristics.

Variable Total (n = 72) Group I (n = 23) Group II (n = 25) Group III 
(n = 24)

p-value

Gender, n (%) 0.442

  Male 49 (68.1) 18 (78.3) 16 (64.0) 15 (62.5)

  Female 23 (31.9) 5 (25.0) 9 (36.0) 9 (37.5)

Age (years) 67.99 ± 9.42 69.26 ± 9.57 67.12 ± 10.17 67.67 ± 8.72 0.725

Body mass index (kg/m2) 23.08 ± 2.90 23.23 ± 2.33 23.30 ± 2.67 22.71 ± 3.62 0.732a

Hypertension, n (%) 0.706

  Yes 54 (75.0) 16 (69.6) 20 (80.0) 18 (75.0)

  No 18 (25.0) 7 (30.4) 5 (20.0) 6 (25.0)

Chronic kidney disease, n (%) <0.05*

  Yes 40 (55.6) 9 (39.1) 13 (52.0) 18 (75.0)

  No 32 (44.4) 14 (60.9) 12 (48.0) 6 (25.0)

Heart rate (bpm) 76.79 ± 13.22 75.87 ± 13.09 78.24 ± 14.83 76.17 ± 11.93 0.797

Systolic blood pressure (mmHg) 136.90 ± 23.75 135.26 ± 24.49 138.24 ± 24.56 137.08 ± 23.09 0.911

Diastolic blood pressure (mmHg) 74.85 ± 11.46 76.83 ± 10.27 77.68 ± 12.38 70.00 ± 10.36 <0.05*a

Mean arterial pressure (mmHg) 95.53 ± 13.67 96.30 ± 13.05 97.87 ± 15.27 92.36 ± 12.40 0.356

Depression-VAS (cm) 3.86 ± 2.67 3.64 ± 2.63 4.02 ± 2.70 3.92 ± 2.80 0.884

Anxiety-VAS (cm) 4.53 ± 2.81 4.64 ± 2.21 4.42 ± 2.75 4.53 ± 3.44 0.953a

Stress-VAS (cm) 3.87 ± 2.62 3.73 ± 2.23 3.83 ± 2.57 4.04 ± 3.09 0.921

Group I: Inhaled 5% clary sage oil for 30 min, Group II: inhaled 5% linalyl acetate for 30 min, Group III: inhaled almond oil for 30 min.
Data are expressed as mean ± SD. VAS, Visual Analog Scale.
aAnalyzed using the Kruskal-Wallis test. *p < 0.05.
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acetate, which has been found to reduce blood pressure (13). However, 
the proportion of CKD patients was higher in the control group, 
although baseline blood pressure levels were not elevated, and no 
between-group differences were observed in psychological variables. 
These findings suggest that the results remain valid despite the 
imbalance in CKD prevalence, indicating that the conclusions remain 
meaningful within the context of this study.

This study also found that linalyl acetate inhalation significantly 
reduced mean arterial pressure in participants with mild depression. 
Moreover, inhalation of clary sage oil was found to significantly reduce 
mean arterial pressure in subjects with moderate to severe depression. 
While the observed differences in efficacy between linalyl acetate and 
clary sage oil may be partially attributed to other components of clary 
sage oil, the observed effects are driven in large part by linalyl acetate. 
Clary sage oil has been shown to influence dopaminergic pathways and 
may be involved in sympathetic nervous system responses (9). Because 
stress responses are affected by catecholamine reactions associated with 
stress (22), the effects of clary sage oil on blood pressure may be mediated 
by its ability to regulate stress experienced during the treatment process 
in patients with DFU. Additionally, linalyl acetate has been found to act 
directly on vascular smooth muscle, inducing vasodilation and thereby 
lowering blood pressure (23). This vasodilatory effect may be mediated 
by enhancement of nitric oxide signaling pathways, which are known to 
play a crucial role in vascular smooth muscle relaxation. In addition to 
its vascular actions, linalyl acetate has been shown to enhance 
parasympathetic nervous system activity, reducing stress and anxiety 
(19). This effect may also involve the modulation of serotonin and 
dopamine receptors, further contributing to the ability of linalyl acetate 
to regulate stress and emotional responses (14). Additionally, linalyl 
acetate is known to increase endothelial nitric oxide synthase expression, 
promoting vasodilation and providing cardiovascular benefits, 
particularly in individuals with compromised cardiovascular function 
(13). Considering that all participants in the present study were in the 
prehypertensive stage, these cardiovascular effects likely contributed to 
the observed reductions in blood pressure and improved outcomes. 
Collectively, these findings suggest that while the effects of clary sage oil 
may vary slightly due to its complex composition, linalyl acetate plays a 
predominant role in the cardiovascular and autonomic benefits conferred 
by clary sage oil. These findings suggest that clary sage oil and linalyl 
acetate not only regulate the emotional responses triggered by stress 
during wound care but also modulate autonomic nervous system 
responses to reduce blood pressure. Additionally, their effects may partly 
be attributed to direct vasodilation and improved cardiovascular function.

The results of this study align with previous findings that 
inhalation of clary sage oil or linalyl acetate has anxiolytic effects in 
patients undergoing cancer treatment (19). The ability of clary sage 
oil to significantly reduce heart rate within normal ranges in patients 
with lower levels of depression likely involves activation of the 
parasympathetic nervous system. This may have been due to the 
anxiolytic properties of clary sage oil, with these results being 
consistent with findings from studies involving clary sage oil 
administration to rats (10) and healthy individuals (24). However, the 
absence of such effects in subjects administered linalyl acetate 
suggests that other components of clary sage oil may contribute to 
these outcomes. In contrast, linalyl acetate exhibited both anxiolytic 
and antidepressant effects in patients with higher levels of depression. 
These findings were consistent with results in hemodialysis patients 
(25) and elderly community-dwelling individuals (26), who T
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experienced antidepressant benefits from inhaling lavender oil, which 
also contains linalyl acetate as a primary component. Because more 
severe infections in DFU patients have been associated with 
significantly higher levels of depression (27), effective psychological 

interventions are critical for those with higher levels of depression. 
Thus, linalyl acetate inhalation may have psychological benefits, 
particularly in DFU patients with severe infections and/or higher 
levels of depression.

FIGURE 3

Effects of inhalation of clary sage oil (CS) or linalyl acetate (LA) on (A) systolic blood pressure (SBP), (B) diastolic blood pressure (DBP), (C) mean arterial 
pressure (MAP), and (D) heart rate (HR) in DFU patients with mild depression. Results are presented as mean ± standard error of the mean. ##p < 0.05, 
###p < 0.01 vs. pretreatment; **p < 0.05 vs. Control.

TABLE 3 Baseline characteristics of patient with Diabetic foot (DMF) as patient-reported depression.

Variable Depression-VAS (cm) p value

< 5 (n = 43) ≥ 5 (n = 29)

Gender, n (%) Male 32 (74.4) 17 (58.6) 0.159

Female 11 (25.6) 12 (41.4)

Age (years) 67.40 ± 8.96 68.86 ± 10.18 0.521

BMI (kg/m2) 23.37 ± 3.19 22.65 ± 2.40 0.307

Hypertension, n (%) Yes 32 (74.4) 22 (75.9) 0.890

No 11 (25.6) 7 (24.1)

CKD Yes 21 (48.8) 19 (65.5) 0.162

No 22 (51.2) 10 (34.5)

SBP (mmHg) 132.79 ± 22.07 143.00 ± 25.20 0.073

DBP (mmHg) 75.42 ± 10.25 74.00 ± 13.19 0.610

MAP (mmHg) 94.54 ± 12.36 97.00 ± 15.53 0.458

HR (bpm) 77.40 ± 13.08 75.90 ± 13.60 0.640

Anxiety-VAS (cm) 3.52 ± 2.61 6.02 ± 2.45 <0.001a

Stress-VAS (cm) 2.69 ± 2.15 5.62 ± 2.28 <0.001a

Depression-VAS (cm) 2.03 ± 1.44 6.59 ± 1.48 <0.001a

Data are expressed as mean ± SD. BMI, body mass index; CKD, chronic kidney disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; HR, heart rate; 
VAS, visual analog scale.
ap-value calculated by Mann–Whitney test.
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TABLE 4 Clinical characteristics at pre and post intervention in groups.

Variable Depression-VAS (cm) < 5 (n = 43) p value Depression-VAS (cm) ≥ 5 (n = 29) p value

Group 
I (n = 14)

Group II 
(n = 14)

Group III 
(n = 15)

Group 
I (n = 9)

Group II 
(n = 11)

Group III 
(n = 9)

Anxiety-VAS (cm)

  Pre 4.06 ± 2.37 3.35 ± 2.66 3.19 ± 2.85 5.54 ± 1.66 5.78 ± 2.29 6.78 ± 3.27

  Post 1.91 ± 1.62 2.51 ± 1.87 3.27 ± 2.60 5.48 ± 2.53 3.60 ± 2.06 5.89 ± 2.32

  Mean difference −2.14 ± 2.47 −0.84 ± 3.22 0.08 ± 1.36 <0.05*b −0.07 ± 2.50 −2.18 ± 2.52 −0.89 ± 2.47 0.160b

  p-value <0.01* 0.350 0.779a 0.938 <0.05*a 0.312

Stress-VAS (cm)

  Pre 3.00 ± 1.96 2.61 ± 2.31 2.46 ± 2.27 4.87 ± 2.24 5.38 ± 2.05 6.67 ± 2.45

  Post 1.77 ± 1.36 2.01 ± 2.05 2.53 ± 2.33 5.37 ± 2.78 4.46 ± 2.06 6.56 ± 2.79

  Mean difference −1.23 ± 1.83 −0.61 ± 2.59 0.07 ± 0.88 0.142b −0.50 ± 3.10 −0.92 ± 1.75 −0.11 ± 1.05 0.286b

  p-value <0.05* 0.397 0.783a 0.642 0.112 0.785a

Depression-VAS (cm)

  Pre 1.90 ± 1.55 2.04 ± 1.40 2.13 ± 1.45 6.34 ± 1.24 6.54 ± 1.56 6.89 ± 1.69

  Post 1.62 ± 1.39 1.91 ± 2.05 2.39 ± 1.92 0.887b 5.91 ± 2.38 4.48 ± 2.28 6.33 ± 2.06 0.124b

  Mean difference −0.28 ± 1.10 −0.13 ± 1.69 0.26 ± 0.96 −0.43 ± 2.18 −2.05 ± 2.49 −0.56 ± 1.13

  p-value 0.553a 0.781 0.395a 0.568 <0.05* 0.180

Group I: Inhaled 5% clary sage oil for 30 min, Group II: inhaled 5% linalyl acetate for 30 min, Group III: inhaled almond oil for 30 min.
Data are expressed as mean ± SD. VAS, visual analog scale.
Values are presented as mean ± standard deviation. p-values were calculated using paired t-test. * p < 0.05.
ap-value calculated by Wilcoxon signed-rank test.
bp-value calculated by Kruskal-Wallis test.

FIGURE 4

Effects of inhalation of clary sage oil (CS) or linalyl acetate (LA) on (A) systolic blood pressure (SBP), (B) diastolic blood pressure (DBP), (C) mean arterial 
pressure (MAP), and (D) heart rate (HR) in DFU patients with moderate to severe high depression. Results are presented as mean ± standard error of the 
mean. ##p < 0.05 vs. pretreatment.
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The present study also found that clary sage oil was effective in 
reducing anxiety and stress in patients with lower levels of depression, 
whereas linalyl acetate was effective in alleviating anxiety and 
depression in patients with higher levels of depression. This result 
provides an evidence-based foundation for the use of clary sage oil 
and its main component, linalyl acetate, as non-pharmacological 
psychological interventions for patients with DFU. Furthermore, these 
results suggest the importance of assessing the level of depression in 
these patients and providing tailored interventions accordingly.

This study has several limitations. First, it was conducted at a single 
institution, which may limit the generalizability of the findings to broader 
populations. Second, the proportion of CKD patients was higher in the 
control group, necessitating caution when interpreting the results. Lastly, 
the study focused only on the short-term effects of the interventions, 
leaving the long-term impacts unexplored. Therefore, future studies 
should be undertaken that incorporate a multi-center design to enhance 
the generalizability of the findings and that conduct long-term follow-up 
to evaluate the sustained effects of clary sage oil and linalyl acetate. 
Additionally, future studies should seek to better balance the baseline 
characteristics, such as the proportion of CKD patients, across groups to 
improve the validity and reliability of the results.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Institutional 
Review Board of Korea University Guro Hospital. The studies were 
conducted in accordance with the local legislation and institutional 
requirements. The participants provided their written informed 
consent to participate in this study. Written informed consent was 
obtained from the individual(s) for the publication of any potentially 
identifiable images or data included in this article.

Author contributions

JS: Formal analysis, Investigation, Writing – original draft. PK: 
Data curation, Formal analysis, Writing – original draft. SM: Data 

curation, Formal analysis, Investigation, Writing – original draft. GS: 
Conceptualization, Data curation, Formal analysis, Funding 
acquisition, Methodology, Project administration, Supervision, 
Writing – original draft, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This work was 
supported by the National Research Foundation of Korea (NRF) grant 
funded by the Korea government (MSIT) (RS-2024-00353184) and 
Eulji University in 2021 (EJRG-21-17).

Acknowledgments

This manuscript is a revision of JWS’s master’s thesis from Korea 
University. We thank Dr. I-Y. Choi for technical assistance.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member 
of Frontiers, at the time of submission. This had no impact on the peer 
review process and the final decision.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Armstrong DG, Tan TW, Boulton AJM, Bus SA. Diabetic foot ulcers: a review. 

JAMA. (2023) 330:62–75. doi: 10.1001/jama.2023.10578

 2. McDermott K, Fang M, Boulton AJM, Selvin E, Hicks CW. Etiology, epidemiology, 
and disparities in the burden of diabetic foot ulcers. Diabetes Care. (2023) 46:209–21. 
doi: 10.2337/dci22-0043

 3. Alrub AA, Hyassat D, Khader YS, Bani-Mustafa R, Younes N, 
Ajlouni K. Factors associated with health-related quality of life among Jordanian 
patients with diabetic foot ulcer. J Diabetes Res. (2019) 2019:1–8. doi: 
10.1155/2019/4706720

 4. Jiang FH, Liu XM, Yu HR, Qian Y, Chen HL. The incidence of depression in patients 
with diabetic foot ulcers: a systematic review and Meta-analysis. Int J Low Extrem 
Wounds. (2022) 21:161–73. doi: 10.1177/1534734620929892

 5. Pedras S, Carvalho R, Pereira MG. A predictive model of anxiety and depression 
symptoms after a lower limb amputation. Disabil Health J. (2018) 11:79–85. doi: 10.1016/j.
dhjo.2017.03.013

 6. Bus SA, Sacco ICN, Monteiro-Soares M, Raspovic A, Paton J, Rasmussen A, et al. 
Guidelines on the prevention of foot ulcers in persons with diabetes (IWGDF 2023 
update). Diabetes Metab Res Rev. (2024) 40:e3651. doi: 10.1002/dmrr.3651

 7. Liang X, Wang X, Zhao G, Huang X, Xu X, Dong W. Research progress of essential 
oil as a new complementary therapy in the treatment of depression. Mini Rev Med Chem. 
(2021) 21:2276–89. doi: 10.2174/1389557521666210219161747

 8. Ali B, Al-Wabel NA, Shams S, Ahamad A, Khan SA, Anwar F. Essential oils used in 
aromatherapy: a systemic review. Asian Pac J Trop Biomed. (2015) 5:601–11. doi: 10.1016/j.
apjtb.2015.05.007

https://doi.org/10.3389/fmed.2025.1523441
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1001/jama.2023.10578
https://doi.org/10.2337/dci22-0043
https://doi.org/10.1155/2019/4706720
https://doi.org/10.1177/1534734620929892
https://doi.org/10.1016/j.dhjo.2017.03.013
https://doi.org/10.1016/j.dhjo.2017.03.013
https://doi.org/10.1002/dmrr.3651
https://doi.org/10.2174/1389557521666210219161747
https://doi.org/10.1016/j.apjtb.2015.05.007
https://doi.org/10.1016/j.apjtb.2015.05.007


Son et al. 10.3389/fmed.2025.1523441

Frontiers in Medicine 10 frontiersin.org

 9. Seol GH, Shim HS, Kim PJ, Moon HK, Lee KH, Shim I, et al. Antidepressant-like 
effect of Salvia sclarea is explained by modulation of dopamine activities in rats. J 
Ethnopharmacol. (2010) 130:187–90. doi: 10.1016/j.jep.2010.04.035

 10. Yang HJ, Kim KY, Kang P, Lee HS, Seol GH. Effects of Salvia sclarea on chronic 
immobilization stress induced endothelial dysfunction in rats. BMC Complement Altern 
Med. (2014) 14:396. doi: 10.1186/1472-6882-14-396

 11. You JH, Kim MY, Moon HK, Min SS, Seol GH. Effect of clary sage-inhalation on 
pain and stress during the treatment of periodontitis. J Korean Acad Oral Health. (2011) 
35:32–40.

 12. Seol GH, Lee YH, Kang P, You JH, Park M, Min SS. Randomized controlled trial 
for Salvia sclarea or Lavandula angustifolia: differential effects on blood pressure in 
female patients with urinary incontinence undergoing urodynamic examination. J 
Altern Complement Med. (2013) 19:664–70. doi: 10.1089/acm.2012.0148

 13. Hsieh YS, Kwon S, Lee HS, Seol GH. Linalyl acetate prevents hypertension-related 
ischemic injury. PLoS One. (2018) 13:e0198082. doi: 10.1371/journal.pone.0198082

 14. Avram S, Stan MS, Udrea AM, Buiu C, Boboc AA, Mernea M. 3D-ALMOND-
QSAR models to predict the antidepressant effect of some natural compounds. 
Pharmaceutics. (2021) 13:1449. doi: 10.3390/pharmaceutics13091449

 15. Shin YK, Hsieh YS, Han AY, Kwon S, Kang P, Seol GH. Sex-specific susceptibility 
to type 2 diabetes mellitus and preventive effect of linalyl acetate. Life Sci. (2020) 
260:118432. doi: 10.1016/j.lfs.2020.118432

 16. Douglas KM, Porter RJ, Knight RG, Maruff P. Neuropsychological changes and 
treatment response in severe depression. Br J Psychiatry J Ment Sci. (2011) 198:115–22. 
doi: 10.1192/bjp.bp.110.080713

 17. Yu SH, Seol GH. Lavandula angustifolia Mill. Oil and its active constituent Linalyl 
acetate alleviate pain and urinary residual sense after colorectal Cancer surgery: a 
randomised controlled trial. Evid Based Complement Alternat Med. (2017) 2017:3954181. 
doi: 10.1155/2017/3954181

 18. Van Gundy EJ. Aromatherapies and stress: an examination of saliva Sclarea in 
acute stress. Missouri: Missouri State University (2024).

 19. Kim M, Shin YK, Seol GH. Inhalation of clary sage oil before chemotherapy 
alleviates anxiety and stress without changing blood pressure: a randomized 
controlled trial. J Korean Biol Nurs Sci. (2021) 23:267–75. doi: 10.7586/
jkbns.2021.23.4.267

 20. Mahboubi M. Clary sage essential oil and its biological activities. Adv Tradit Med. 
(2020) 20:517–28. doi: 10.1007/s13596-019-00420-x

 21. Geethanjali S, Venugopal V, Poonguzhali S, Maheshkumar K. Effect of clary sage 
oil as an aromatherapy on cardiac autonomic function among patients with premenstrual 
syndrome–a randomized controlled study. Obes Med. (2020) 18:100193. doi: 10.1016/j.
obmed.2020.100193

 22. Johnson J, Campisi J, Sharkey C, Kennedy S, Nickerson M, Greenwood B, et al. 
Catecholamines mediate stress-induced increases in peripheral and central inflammatory 
cytokines. Neuroscience. (2005) 135:1295–307. doi: 10.1016/j.neuroscience.2005.06.090

 23. Koto R, Imamura M, Watanabe C, Obayashi S, Shiraishi M, Sasaki Y, et al. Linalyl 
acetate as a major ingredient of lavender essential oil relaxes the rabbit vascular smooth 
muscle through dephosphorylation of myosin light chain. J Cardiovasc Pharmacol. 
(2006) 48:850–6. doi: 10.1097/01.fjc.0000238589.00365.42

 24. Mitic M, Zrnić A, Wanner J, Stappen I. Clary sage essential oil and its effect on 
human mood and pulse rate: an in vivo pilot study. Planta Med. (2020) 86:1125–32. doi: 
10.1055/a-1211-6325

 25. Dehkordi AK, Tayebi A, Ebadi A, Sahraei H, Einollahi B. Effects of aromatherapy 
using the damask rose essential oil on depression, anxiety, and stress in hemodialysis 
patients: a clinical trial. Nephrourol Mon. (2017) 9:280. doi: 10.5812/numonthly.60280

 26. Ebrahimi H, Mardani A, Basirinezhad MH, Hamidzadeh A, Eskandari F. The 
effects of lavender and chamomile essential oil inhalation aromatherapy on depression, 
anxiety and stress in older community-dwelling people: a randomized controlled trial. 
Explore. (2022) 18:272–8. doi: 10.1016/j.explore.2020.12.012

 27. Korkmaz T, Afacan MY, Davulcu CD, Elibollar C, Değer GU, Şeker A. Depression 
as a prognostic factor in lower extremity amputation for diabetic foot: insights from a 
prospective study on wound healing, infections, and early mortality. The journal of foot 
ankle. Surgery. (2024) 63:705–12. doi: 10.1053/j.jfas.2024.07.005

https://doi.org/10.3389/fmed.2025.1523441
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.jep.2010.04.035
https://doi.org/10.1186/1472-6882-14-396
https://doi.org/10.1089/acm.2012.0148
https://doi.org/10.1371/journal.pone.0198082
https://doi.org/10.3390/pharmaceutics13091449
https://doi.org/10.1016/j.lfs.2020.118432
https://doi.org/10.1192/bjp.bp.110.080713
https://doi.org/10.1155/2017/3954181
https://doi.org/10.7586/jkbns.2021.23.4.267
https://doi.org/10.7586/jkbns.2021.23.4.267
https://doi.org/10.1007/s13596-019-00420-x
https://doi.org/10.1016/j.obmed.2020.100193
https://doi.org/10.1016/j.obmed.2020.100193
https://doi.org/10.1016/j.neuroscience.2005.06.090
https://doi.org/10.1097/01.fjc.0000238589.00365.42
https://doi.org/10.1055/a-1211-6325
https://doi.org/10.5812/numonthly.60280
https://doi.org/10.1016/j.explore.2020.12.012
https://doi.org/10.1053/j.jfas.2024.07.005

	Differential effects of clary sage (Salvia sclarea L.) oil and linalyl acetate on depression levels in diabetic foot ulcer patients with T2DM: a randomized blinded controlled trial
	1 Introduction
	2 Methods
	2.1 Study design and participants
	2.2 Gas chromatography–mass spectrometry profiling of clary sage oil
	2.3 Randomization and intervention
	2.4 Data collection
	2.5 Statistical analysis

	3 Results
	3.1 Chemical composition of clary sage oil
	3.2 Baseline characteristics
	3.3 Effects of clary sage oil and linalyl acetate inhalation
	3.4 Baseline characteristics of participants as a function of patient-reported depression severity
	3.5 Effects of clary sage oil and linalyl acetate inhalation as a function of patient-reported depression severity

	4 Discussion

	References

